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INTRODUCTION

The Standards Handbock for Copper and Copper Alloy Mill Products .is
published . by Copper Development Association Inc. as a technical service to
the cuSfomers of the copper and brass industry. The Handbook has been pre-
pared with the help of technical experts in the industry and is hased on years
of experience in the production, specification and purchase of copper mill pro-
ducts. This 1972 edition of Part 2 of the Handbook is the seventh edition of a
publication that first appeared in 1941,

For convenient use, the Handbook is presented in seven separately bound parts:

Wrought Products (Brass Mill Products)

Part I - Tolerances

Part 2 — Alloy Data

Part 3 — Terminology

Part 4 — Engineering Data

Part 5 — Sources

Part 6 — Specifications Cross Index

Cast Products (Foundry Products) Coa
Part 7 — Data/Specifications

The Standards Handbook does not cover wire and cable for electrical trans-
mission and distribution or for other power and electronic applications.

In this part of the Handbook, alioy data are presented for the standard wrought
coppers and copper alloys. On page 1 a list of the standard designations for
wrought coppers and copper ailoys appears. This list contains the 34 coppers
and 204 copper alloys which currently meet the criteria for assignment of a
standard designation.

Data on the properties and characteristics of 27 of the most used wrought cop-
pers and 94 of the most used wrought copper alloys make up the main part of
this section of the Handbook. These Standard Data Sheets are preceded, on
page 11, by a detailed index to them. Each data sheet includes the following:
previous trade name; nominal composition and actual commercial composition
limits; nearest applicable ASTM specifications; physical properties; typical uses;
common fabrication processes; fabrication properties; forms and tempers most
commonly used; and mechanical properties.
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Property values shown in the Handbook are known to characterize generally the
materials they describe. They are not intended for use in design. They can pro-
vide general puidance in the selecticn of alloys and of manufacturing processes.

Further alloy data can be obtained from any supplier of brass mill products
(see Part 5/Sources) or from Copper Development Association Inc.,
405 Lexington Avenue, New York, N. Y, 10017. Telephone (212) 867-6500.

Useful information for preparing purchase orders is shown on page 111,

Y

The use of the standards in this Standards Handbook by any member or non-
member of the Copper Development Association Inc. is voluntary, and the
issuance or existence of these standards does not in any rcspect prevent any
member or non-member from manufacmrmg or supplying products not in
conformance with these standards.

d!
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PURCHASE ORDER INFORMATION

Ordering Copper and Copper Alloy Wrought Mill Products can be goeatly
expedited if the purchaser will bear in mind that the following information is
needed with each purchase order, preferably in the following sequence:

Quantity, total, in units such as pounds, pieces, total feet.
Copper or Copper Alloy, by number or nominal composition.

Cross-section shape, such as round, hexagonal, square, rectangular.

LB

Product, such as sheet, strip, plate, bar, rod, shape, wire, pipe, tube.
See TERMINOLOGY, Part 3.

5. Nominal dimensions, such as width, thicknéss, length, distance across
flats, diameter (O.D. or LD, for tube), wall thickness, type of water
tube or pipe. Use decimals of an inch instead of gage numbers.

6. How furnished, such as straight lengths, rolls, coils, spooled. )
7. [length classification, such as specific, stock, mill, multiple. See

TERMINOLOGY, Part 3,
8. Dimensional tolerances, CDA schedules will apply unless special values
are stated.

9. Temper, such as nominal anneal or hardness.
10. Finish (if other than commercial).
T1. Specifications, if any, such as ASTM, ANSI, SAE, Government.
12. Shipping date. '

13. Special information, to aid in proper processing, such as use of product,
drawing showing item to be fabricated, sample of fabricated product
or previously used material, type of edges, coating, and any other
requiremnents not covered by the above schedule.

L

Example: (1) 1000 pounds; (2) Copper Alloy No. 360 (Free-cutting Brass);
(3) Hexagonal; (4) Rod; (5) 0.75" distance between parallel surfaces;
(6) Straight lengths; (7) Specific lengths 20-0"*; (8) Commercial tolerances;
(9) Half-hard temper; (10) Commercial finish; (11) ASTM B16-71a; (12) Ship
January 2, 19—;{13) To be used in screw machine production of hexagonal nuts.

III







STANDARD DESIGNATIONS FOR COPPER AND COPPER ALLOYS
(Wrought Products only)

This is the accepted alloy designation system in
North America for wrought copper and copper alloy
products. Developed by the copper and brass indus-
try in the United States, the system is now used by
the U.5. Government, by the American Society for
Testing and Materials (ASTM), by the Society of
Automotive Engineers (SAE) and by nearly all pro-
ducers of copper and copper alloy wrought products
in North America,

The designation system i5 not a specification but
is rather an orderly method of defining and identi-
fying coppers and copper alloys. It eliminates the
limitations and- conflicts of alloy designations pre-
viously used and at the same time provides a work-
able method for the identification marking of mill
products.

The designation system is administered by the
Copper Development Association, New designations
are assigned as new coppers and copper alloys come
into commercial use, and designations are discon-
tinued when an slloy composition ceases to be used
commercially. Anyone may request changes in the
list, New designations are assigned if a copper or
copper alloy meets three criteria:

(1) The complete
is disclosed

chemical composition

{2) The copper or copper alloy is in commercial
use

(3) The composition does not fall within the
limits of any designated composition al-
ready in the list

In the designation system, numbers from 100
through 799 describe wrought alloys. Within these
numbers, the system groups the compositions into
the following families of coppers and copper alloys:

Coppers — Metal which has a designated minimum
copper content of 99.3%,

High Copper Alloys — For the wrought products,
these are alloys with a designated copper content
less than 99.3% but more than 96%, and which do
not fall into the other copper alloy groups.

Brasses — These alloys contain zinc as the prin-
cipal alloying element with or without other desig-
nated alloying elements such as iron, aluminum,
nickel and silicon., The wrought alloys comprise
three main familjes of brasses: copper-zinc alloys;
copper-lead-zinc alloys {leaded brasses); and copper-
zinc-tin alloys (tin brasses).

Bronzes — Broadly speaking, bronzes are copper
glloys in which the major alloying element is cne
other than zinc or nickel. OQriginally ‘‘bronze™
described alloys with tin as the only or principal
alloying element. Today, the term bronze is seldom
used by itself in a technical sense. Rather it is used
with a modifying adjective. For wrought alloys,
there are four main families of bronzes: copper-tin-
phosphorus alloys {(phosphor bronzes); copper-tin-
lead-phosphorns alloys (leaded phosphor bronzes);

- copper-aluminum alloys {(aluminum bronzes); and

copper-silicon alloys (silicon bronzes).

Copper-Nickels — Alloys with nickel as the
principal alloying element, with or without other
designated alloying elements present,

Copper-Nickel-Zinc Alloys — Commonly known
as “nickel silvers”, these are alloys which contain zinc
and nickel as the principal and secondary alloying
elements, with or without other desipnated elements
present.

Designations for the most widely used coppers
and copper alloys are shown in bold-face type in the
table of compositions. For each of these, a stan-
dard data sheet appears in Part 2 (wrought products)
of the CDA Standards Handbook.

Copper Development Association Inc, does not
undertake to insure anyons: using this Standard Desig-
nation system against lizbility for infringement of
letters patent nor does il assume any liability, This
publication should not be construed as a recom-
mendation of any patented or proprietary appli-
cation that may be involved.
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‘according to t
wherever practicable.

CONSTITUENT

Standard Chemical Compaosition Limits

The composition limits in this listin% of Standard Des-
ignations for Coﬁper and Copper Al
e following numerical convention,

oys are presented

CONVENTION FOR
EXPRESSING
COMPOSITION LIMITS

Copper Nos, 100-159 Ingl.

-Cuppcr,.."-_..
“Alloying elements and impurities
© 10 and OvEL e
. ‘ 1/100 and less than 1/10......
Ca 11000 and less than 1/100..
T less than 171000 e

I " Coppér Alioy Nos, 160-799 Incl.

i Copper .o
I} Alloying elements and impurities
f ; ; 6/10 and over..ceoreeineesnee
T 110 aad less than 6/10........
1. ' 1/100 and less than 1/10......
: 1/1000 and less than 1/100.,
i ' less than 1/1000.....cceeeernenenn

XXX

XX
OXX
00X
000X

Chemical Symbols
Aluminum Al
Antimony Sh
Arsanic As
Baryllium Be
Bismuth Bi
Boron B
Cadmium Cd
Calcium Ca
Carbon c
Chromium Cr
Cobalt Co
Columbium Ch
Copper Cu
Iran Fa
Load Pb
Lithium . T L
Magnesium Mg
Manganese Mn
Marcury Hg
Nickel NI
Phosphorus P
Salenium Sa
Silicon Si
Silver Ag
Sulfur s
Tetlurium Te
Titanium Ti
Tin Sn
Zinc Zn

Zirconium

Zr




j
COPPERS

WROUGHT ALLOYS

COMPOSITION, PER CENT MAXIMUM (UNLESS OTHERWISE INDICATED)
COPPER Cu {inc!. Ag) | Agll) e OTHER NAMED
NO. DESIGNATION TYPE (% Min)  {{% Min) | As Sh P Te ELEMENTS
10112) OFE Oxygen Free Electronic.......... 99.99(31 | 1 41 goo3 0010 | BHSE--
102(2) OF Oxvygen Free......ccuvneeae 99.95 - - - - - o=
10412) OFS Oxvygen Free with Ag... 99.95 .027(8) - - - - —~ -
1052 OFS Oxygen Free with Ag... 99.95  [034(10)) — | - - — -
107422 OFS Oxygen Free with Ag............ 99.95 L0B5(25) -— - - - -
1092). BDHC Boran Deoxidized High -
_ ConduCtivity wverenmsereesmnas 99,9918} | _ 1@ | ooos 143 417
L 1182 ETP Electrolytic Tough Pitch ........ 99.90 — - - - - -
S FRHC Fire-Refined High
Conductivity ceeveeenicverisinnns 99.90 - - - - —
CRTP Chemically Refined
Tough Pitcha.eccveinrrireiinnans 99.90 — - - — — - _
1112} - Electrolytic Tough Pitch. :
Anneal Resistant .......c.u.uu.... 99.90 - - | - - - 8
1131219) STP Tough Pitch with Ag.... 99.90 |oz7(8) | - | - - - -
11412109) STP Tough Pitch with Ag.... 99.90 L034(10) — — — - .=
116121(9) STP Tough Piteh with Ag.....cccceues 99.90 .054(16)] — — - - — -
1161219 STP Tough Pitch with Ag 99.90 |085(25) - | — _ _ -
117 — | e 54,9 (6) - - | - .04 - .004-.02B - ,
T PHC | crrerscinisenrri et enessassenns . 99,93 - - - 1 .002-.010 — -
120 OLP Phosphorus Decxidized, Low ‘ Lo
Residual Phosphorus., 95.90 — - — | .004-.012 - -
121 — 99.90 .014(4) - — | .005-.012 — - .
122119} DHP Phosphorus Deoxidized, High '
Residual Phosphorus 99.90 - - - | .015-.040 — -
123 i R 59.90 .014(4) - — | .015-.025 - -
12501 FRTP Fire-Refined '
Tough Pitch.....ccovereneereanenne 99.88 - .012 |.003 - .025012)1 050 Ni
L 003 Bi
004 Pb
127411 FRSTP Fire-Refined Tough S
Pitch with Ag..oesecen. e | 99.88  lo27(8) | .012 {.003 _ . {ozstua| .050Ni
= +| .co3Bi
.004 Ph
128011} FRSTP Fire-Refined Tough L
Pitch With Ag eeeeeeeeeeeeeenne. .| 9988 loz4qoy .012 loo3| _  |.ozstaz| .osomi
.003 Bi
004 Pb
12011 FRSTP Fire-Refined Tough ]
Pitch With Ag e eeeeeeeerrns 99.88  |054(16)| .012 |.003 _ 02502 | .050 Ni
~ | .003 Bi
004 Pb
1300112 FRSTP Fire-Refined Tough : ‘
L Pitch with Ag.vvereeirereeenienene 99.88 .085(25) .012 |.003 _ 025412y} 050 Ni
. . 003 Bi
004 Pb
13412} - Boron Deoxidized, High
Conductivity with Silver...... | 99.99(5F |027(8) | (4 | 81| noos {41 (4117
135¢2) - Boron Deoxidized, High
Conductivity with Silver...... | 99.9918) |034(10)} (%} | 91| 0005 4 N
1362} - Boron.Deoxidized, High '
Conductivity with Sitver...... | 99.99¢61 |054(16)] 4 | 4| ooos A4y thin
137423 - Boron Deoxidized, High : B I A
Conductivity with Silver...... | 99.99(8) |185(25). (41 | 41| .pgos - (@ A
141 ATP Arsenical, Tough Pitch .., 99.40 - .15-50f — - ¥ R =
142 DPA Phosphorus Deoxidized, v : B v
Arsenical ... srensbesennanes 99.40 - - |.15-.50] - |.015-.040 - . R
143 - Cadmium Copper, . S
Deoxidized . .cvvrecrreereansens . 9990413} _ - _ - .05-.15 ¢d
145(14) DPTE Phosphotus Deoxidized, B CEeE ' AR R .-
Tellurium Bearing.......coenes 99,9015} = - - | .004-,012U8] 40-.6 -
147 = Suffur Bearing v iviiivins | 9990833 oo o [ 20050 8 T T
150 - Zirconium Copper........ccen.. . 99.80 — - - - - 10-.20 Zr
155 i R iaressrtsmncsmsenssssrasassasas 99.75 . |.027-10| — — | .040-.080 — 10-.12 Mg
" fie30)
[1) NOTES APPEAR ON PAGES 9-10 AT THE END OF THE TABLE . 3




HIGH COPPER ALLQYS ' !
(18) COMPOSITION, PERCENT MAXIMUM {UMNLESS SHOWN AS A RANGE OR MiN tMUM)
. . . - Cu (incl. Ag) \ . : .
COPBER co S M ELEMENTS - : OTHER . %
ALLOY " PREVIOUS WITH SPEC, : NAMED 9
NO, TRADE NAME LiM. (% Min) | Fa sn NI Co cr si Be Pb cd ELEMENT: -
162 | Cadmium Copper, 99.8 .02 - - - - - - {1 - }.7112 -
164 | 99.8 .02 |.20-40 - — - — - — 6.9 -
165 vt idirenr bt tsaenan G9.8 02 1.50-7 - - - - — - 6-1.0 —
170 Beryllium Capper. 59.5 (19} - (19} {19) — - [1.60-1.79] -~ - - .
172 Beryllium Copper. 99.5 {19} - (19} {19) - -~  11..80-2.00] - -— - !
LV T (PO 99,5 ae | — as) | as) - - [1.80-2.00{.20-6 | — - .
- 1758 Berylhum Coppar._ 69.5 10 — - 2,4-2.7 - - 40-7 - - -
176 R 99.5 10 - - 1.4-1.7 — - +25-,50 - — 9-1.1 Ag .
177 1. Srearanrerengaares 99.5 10 - - 2.4-2.7 - - 40-.7 - - 40-.6 Te !
182 Chromlum Copper 99.5 10 - — - L1210 - .05 - - :
184 | Chromium Copper 99.8 15 - - - 4012 { 10 — - - 005 As ;
' 005 Ca i
.05 Li
05 P
_— ' . 7 Zn
185 | Chromium Copper 99.8 - - - - 40-1.0 - - .015 - {.04 P s
: .08-.12 Ag
187 Leaded Copper.,.... 99.9 -, - — - - — — }.815 | - L
189 B PP PSR 99.9 - .6-9 - - - 15-.40 —- 02 - 05 P .
' 01 Al oy
10-30Mn o7
: 10 Zn
L 1) N 99.5 | 10 - 913 — - - - .05 - B Zn
- : : - : .15-35P
191 | cvnsrosnrensensiisssens 99.5 200 - 913 | - - — - 10 | = |.50 Za
_ _ - 356 Te
: . .15-.35P
% 7. COMPOSITION, PER CENT MAXIMUM (UNLESS SHOWN AS A RANGE OR MINIMUM) TOTAL
‘PREVIOUS = § . ' l | _ I ‘ 1 i
TRADE NAME Cu Fa Sn Zn Al Pb P Co | mENTS(20)
192 | ... wer| 98.7 min. 8-1.2 - - - - 1.01.,04] - .10
193 o1 92.0540 2.0-2.6 .03 Rem, -.02 .03 - - .05
184 97.0 min. . 2,326 .03 - ,05-.20 - 03 |015-15 - .15
195 '.. RS N Rem, 1317 | .40.7 | - .20 A0 | .02 [.08.12 | .6-1.0 .10
COPPER-ZINC- ALLOYS (BRASSES) COMPOSITION, PER CENT MAXIMUM (UNLESS SHOWN AS A RANGE QR MINIMUM). ;
COPPER ) ' : OTHER - 5?52'& ;
ALLOY . ’ NAMED ELE- :
NO. PREVIOUS TRADE NAME cu Fb Fe | 2zn P ELEMENTS | MENTS(20) :
208 | s | 97.0-98.0 02 05 |Rem.| . | - -
210 Gilding, 95%........... raesarenen teransrassanns 94.0-96.0 08 | .05 | Rem. — = 10 : :
220 ‘Commarcial Bronze, 90% .......coveeeees 89.0-91.0 .05 .05 | Rem. e - 10
: 6 Jewelry Bronze, 874% vveecrverrerenns 86.0-82.0 05 05 [Rem.{  -—= = .15
230 Red Brass, B5%...ornupernremmnnes | 84.0-86.012"1 0502 05 |Rem.| { — |.. - .15
23’4 peebesteiens crevsssesssesssapassnsernss | 81,0-84.0 ©05 .| .05 |Rem.| — R 15
. 240 Low Brass, 80%. rrersisgenenrsssismeneennens | 78.5-81.5 .05 | .05 | Rem, - - .15
- -3250-‘ repeesisstsssnsessisarsarensttarsassssesnsneessninrs | 74,0-76.0 05 | .05 | Rem. - = | s
260 Carmdge Brasa, 70% 68.5-71.5 07 | .05 | Rem. - T e .15
. 267 B T SOV 68,5-71.5 .05 .05 | Rem, | .02-05{ " — 15
L2602 it s | 67,0:70,0 .07 -} 05 jRem,| — | - 15
L4 268 . ¢ Yellow Brass, 68% ....ccrmrrvrnenennns § 64.0-68.5 A5 | .05 [Renfl| - | - 15 :
270 | Yallow Brass, 65K eeinercniiiins | 63.0:68.5 A0° | .07 jRem.| - - 20 i
272 corsssssrersisrnbeesnes canrens 62.0-65.0° ©.07 .07 | Rem. — : - .20
274 Yeilow Brass, 63%... [P 61.0-64.0 - 10 05 | Rem. — C—- 20 SRR
280 | Muntz Metal, 60% 59.0-63.0 - 30 ) .07 jRem.|  — - .20 et
282 | orrensenrsrsssresssssssnissnsnneenns | 58.0-61.0 - | .03 .05 [Rem.| .12-22| 005 A422}{ 10 o
' IR I : .05 Sn !
208 | Brazing Alloy ...ccvirinnniiscennen | 0 49,0-52,0 50 .1 .10 { Rem, - .10 Al -

4




COPPER-ZINC-LEAD ALLOYS (LEADED BRASSES)

COMPOSITION, PER CENT MAXIMUM (UNLESS SHOWN AS A RAMGE GR MIMNIMUM)

]

TOTAL
COPPER OTHER OTHER
ALLOY NAMED ELE-
NO. PREVIOUS TRADE NAME Cu Pb Fa | &n Zn ELEMENTS [ MENTS{20)
310 Leaded Commercial
Bronze (Low Lead) oniccineninnns 89.091.0 30-.7 10 | —~ | Rem. - 50
314 Leaded Commercial Bronze.......un... | 87.5-90.5 1.3-25 10 | — | Rem. L7 NI .50
316 Leaded Commercial Bronze T
{Nickel Bearing) .....cocesmeereersveserne 87.5-90.5 1.3-2.5 10 | —~ | Rem. 7-1.2 Ni .50
04-10P -
320 Leaded Red Brass.....cocrveeesseersnrcenns § 83.5-86.5 1.5-2.2 0] — | Rem. .25 Ni .50
325 | cccrrrerceenrernrrrererenenen, peveeree | 72.0-74.5 2.5-3.0 A0 ] — | Rem, - 50;
330 Low Leaded Brass {Tube)....ccvevrrnee. 65.0-68.0 20.8 123 | o7 | — | Rem. - 500 -
331 e earberaeraapatanrrannatra 65.0-68.0 7-1.2 06 | ~ | Rem, — .50
33z ngh Leaded Brass (Tube) ...... 65.0-68.0 1.3-2.0 .07 | — | Rem. - 50
335 Low Leaded Brass....cccveceerrinneransene | 62.5-66.5 .30-.8 A0 | — | Rem. - .50
340 Medium Leaded Brass, 64%% .......... 62.5-66.5 8-1.4 10 | — | Rem. - .30
342 High Leaded Brass, 64%%....cccicinnne | 62.5-66.5 1.5-2.5 10 | — | Rem. - .50
344 62.0-66.0 50-1.0 0 | — | Rem, - .50
345 62.0-64.0 1.5-2.8 A0 | — | Rem, — .50
347 62.5-64.5 1.0-1.8 10 | — | Rem. - 50
: 348 61.5-63.5 40-.8 10 | — | Rem. - 50
349 cresrrasnrnesenvarmensmeeneennrens | 01.0-64,0 .10-.50 A0 | ~ | Rem. — .50
350 | Medium Leaded Brass, 62%............ 59.0-64.0%4) | 814 10 | — | Rem, - 50
353 | High Leaded Brass, 62% w.wereeerecsns 59.0-64.512% | 1.3.2.3 0 | — | Rem, - .50
356 | Extra High Leaded Brass. 59.0-64.52% | 2.d-3.0 10 | = | Rem. - 50
360 Free Cutting Brass........ 60.0-63.0 2,5-3.7 35 | — | Rem. - 50
362 reeeetetieesesrmererartrasnetasrassasbra s sa Rt s e ara s 60.0-63.0 3.54.5 A5 | — | Rem. - .50
365 Leaded Muntz Metal, :
Uninhibited.....cuamwoeensee e | 38.06-61.0 .40-9 .15 1.25 | Rem. —_ 10
366 Leaded Muntz Metal, Arsenical ....... 58.0-61.0 A40-9 A5 1.25 | Rem. | .02510.4s .| .10
367 Leaded Muntz Metal, Antimonial.... {58.0-61.0 A0-9 15 §.25 | Rem. |.-02-10 Sb 10 .
368 teaded Muntz Metal, Phosphorized. ] 58.0-61.0 40-.9 15 .25 | Rem. 02-10P - A0 e
370 Free Cutting Muntz Metal .......eene.... | 59.0-62.0 914 15 | — | Rem. - 50
b: 7. I [N ertresraessrrreesasesn s e sRe ras e 58.0-62.0 .6-1.2 15 | — | Rem. - .50
377 Forging Brass ........veeerssearessns 58.0-62.0 1.5-2.5 .30 | — | Rem. - 50
380 revers rersessrberebararsranssnnass 55.0-60.0 1.5-2.5 .35 1 .30 | Rem. 50.Al1 50} .
385 Archltectura! BIONZE & oerreree 55.0-60,0 2.0-3.8 35| — { Rem, S o

COPPER-ZINC-TIN ALLOYS (TIN BRASSES)

COMPOSITION, PER CENT MAXIMUM {LJNLESS SHOWN A5 A RANGE OR- MINIMUM)

TOTAL

COPFPER OTHER . OTHER
ALLOY NAMED . ELE

NO. PREVIOUS TRADE NAME Cu Pt Fe Sn Zn P ELEMENTS | MENTS(20)

405 | ... veren crersensenerenees § 94.0-96.0 .05 .05 7-1.3 Rem.{ — - 15

408 rsernrensres s ssrsrsnnressssnenressensenes § 94.0-96.0 .05 05 1.8.2.2 Rem.} — - .15

409 | e vrernrerarearesssnsenennsee § 92.0-94,0 .05 5 .50-.8 Rem.} — - -.15.

410 21.0-93.0 05 .05 2.0-2.8 Rem.| — - 15,

an 8%.092.0 | .10 | .05 | .30-7 Rem.{ — = .15




COPPER-ZINC-TIN ALLOYS (TIN BRASSES)

{Continued)

COMPOSITION, PER CENT MAXIMUM [UNLESS SHOWN AS A RANGE OR MINIMUNM)

' ,COPPER-TIN ALLQYS (PHOSPHOR BRONZES)

TOTHL
COPPER _ . OTHER OTHER
ALLOY : : NAMED ELE-
NO. PREVIOUS TRADE NAME ‘cu Pb Fa Sn Zn P As Sb ELEMENTS | MENTS(2( )
413 prresisrssinserrsmresissessrernerreneeeen | 850-93:0 1 10 0S| .7-1.3 |Rem. - —_ - — 15
415 B O §9.0-93.0} .10 §.0511.5-2.2 {Rem. - - — — .15
T % |+ T IO, prensrnrnessssnisennrenssesninenrenane | 89.0-92,0 [ .10 1.05 {4.8-5.5 | Rem. - — — - 15
420 88.0-91.0 - - [1.5-2.0 |Rem.| .25 - - - 15
421 87.5-89.07 .05 [.05)2.2-3.0|Rem.} .35 — —_ 15-.35 Mn 15
422 86.0-80.0] .05 }.05% .8-14 |Rem.| .35 - - - 15
425 .187.0-90,0( .05 {.05{1.5-3.0{Rem.| .35 - - - 15
430 85.0-86.0) .10 1.05]1.7-2.7 |Rem. - - - — .15
432 B5.0-88,0| .05 |.05]|.40-6 |Rem.| .35 - — - .15
434 84.0-86.0! .05 [.05|.50-1.0 {Rem. - - - - .15
435 virsneresrenennrernnenssestarnsstessnermnsrannees | 19.0-83.0{ .10 }.05] .6-1.2 |Rem. - - - - A5
436 80.0-83.0 .05 .05 ].20-.50 {Rem, - —_ - - .15
Lt T O U . 179.0-82,01 .05 |.05]1.0-1.5 |Rem. - - —_ — .15
443 Admlralty,Arsemcal cevrmeneeens [70.0-73.0 1 .07 {06 {9-1.2%%}Rem.] - j.02-10] -— - .15
444 'Admlraltv,.Antlmomal ...... .. ]70.0-73.0| .07 .06 {9-1.2*8)Rem,.| - - 02-.10 - 15
445 | Admiralty, Phosphorized.......... {70.0-73.0 | .07 .06 [9-1.20%YRem. |.02-10| - - - 15
_.482 Naval Brass, 63%%......eeererineren 162,0-65.01 .20 .10 (.50-1.0 [Rem.| - - — - .10
- A& |Naval Brass, Uninhibited.......... }59.0-62.0 { .20 |.10|.50-1.0 |Rem.{ ~— - - - 10
. 465 | Maval Brass, Arsenical........ .159.0-62.0] .20 [.10|.50-1.0 |Rem. — 02-10 — — 10
466 | Naval Brass, Antimonial ........... | 59.0-62.0 | .20 {.10 |.50-1.0.|Rem. - - 02-10 - A0 .
467 | Naval Brass, Phosphorized........ |59.0-62.0 | .20 (.10 {.50-1.0 |Rem.[.02-.10| — - - oS e
470 |Naval Brass Welding & P
| Brazing Rod ....iveceseeererionee 157.0-610 1 05 | — [.25-1.0 |Rem.| — - - 014l 507
472 | Braziug Alloy covenininininns [49.0-52.0 1 .50 1,10 |3.04.0 [Rem. | - - - - -
476 |.oviireres et e ettt s 86.0-88.0 (1.8-2,2{.0511,8-2.2 | Rem, | .03-.07 - - ,05-15 Mn .15
482 Naval Brass Medium Lelded.. 59.0-62.0 |.40-1.0 |.10 |.50-1.0 |Rem. — - - — 10
485 |Naval Brass, High Leaded .. 59.0-62.011,3-2.2 1,10 |.50-1.0 |Rem.| - - - - - .10

COPPER COMPDSIT!DN PER CENT MAXIMUM {UNLESS SHOWN AS A RANGE DR MINIMUM)
< ALLOY o Cu+Sn+PpP .
NG, PRE}{.{DUS TRADE NAME - (% Min) Pb Fe sn. Zn P Mn Al
U602 | i revemasereaaseseres et 99:5 0 | .0 | 1015 | - 04 - -
605 Phosphor Bronze, I 25%E ... 99.5 .05 10 1.017 3o .03-35 - -
507 | ... beteersis ey et ba earententanes 99.5 .05 .10 1.5-2.0 - 30 - —
508 99.5 05 .10 2.6-3.4 - 01-07 - 5
609 ettt TR 99.5 .05 10 2,5-3.8 30 .03-.30 - —
151077 | Phosphor Bronze, 5% A.. -.-J.m 99.5 05 | .10 4.2-5.8 30 1.03-35 - -
511 b et pa st e erases 99.5 .05 10 3.549 .30 .03-.35 - -
518 Phosphor Bronze.. ransnbrensetbarne 99.5 .02 - 4.0-6.0 - .10-.35 - 01
- 819 PR s irn et sen et sanserea s nresranan 59.5 .05 A0 5.0-7.0 30 .03-35 - -
521 Phosphor Bronza 8% C.veee 99.5 .05 10 7.0-9.0 20 .03-.35 - — .
524 Phosphor Branze, 10% D.......... 99.5 .05 10 9.0-11.0 { .20 §.03-35 - -
B26 | .een 99,528 | o5 .10 2.2-3.3 .20 .03-35 1.0-2.0 -
529 et sarensaar ceurernertonss 99,5128 1 05 10 7.09.0 [..20 |.03-35 1.0.2.0 -
6
i




COPPER-TIN-LEAD ALLOYS (LEADED PHOSPHOR BRONZES)

. COMPOSITION, PER CENT MAXIMUM {UNLESS SHOWIN AS A AANGE OR MINIMUM)
c’:'\DLF:—Pg\? Cu+Sn+P+pPb
NO. PREVIOUS TRADE NAME {% MIN,} Pp Fe sn Zn P
532 Phosphor Bronze B wovncinciecnniiecnns 99.5 2.5-4.0 .10 4.0-5.5 .20 .03-35
534 Phosphor Bronze B-1... 899.5 8-1.2 .10 3.5.5.8 .30 .03-.35
(Baa" Phosphor Bronze B-2.....4 e o 99.529) 3.5-4.5 10 3.54.5 1.54.5 01-50
546 Phosphor Bronze B-2
(P 50 MAX.) cervsrerererenessesiuseerssenssnes 99.5(29) 3.5-4.5 10 3.5-4.5 1.5-4.5 50
548 gg9.5(29 4.0.6.0 .10 4.0-6.0 .30 .03-35
COPPER-ALUMINUM ALLOYS (ALUMINUM BRONZES)
COMPOSITION, PER CENT MAXIMUM (UNLESS SHOWN AS A RANGE OR MINiMUM)
cu S BLE.
COPPER MENTS WITH OTHER
ALLOY PREVIOUS SPEC. LIM- NAMED
NO. TRADE NAME ITS {% Min.) Pb Fe 5n Zn LAl As Mn Si NI ELEMENTS
BOB | covverereverssrermsererrenes e 99.5 - .50 — | -1 4070 - - - - —
L O 99.5 01 — 1.7-2.0| - § 2.3-2.9 - - - - -
608 | Aluminum Bronze, 5% 99.5 |.10 | .10 - |—1]50465 ].02-351 — - - -
610 | ... : 99.5 02 | 50 — |.20] 6.0-85 - - .10 - -
99,5 - 3.5 .20-50| - ] 6.0-8.0 - .50 — .50 -
99.5 01 |1.5-35 — |.20]| 6.0-80 - 1.0 - - .015P
99.5 |.02 |.50-1.5 - |.02| 85110 — - a0 | — -
99.5 .02 |3.045 6 |.8 {85100 - — — — -
99.5 02 |3.04.2 — |.02]11.0112.0| — - 10 - -
99.5 — |204.0 & | — 1 85110 - .50 .25 1.0 -
59,5 — |2.04.5 20 | — {100-115] — .30 .25 = -
. 99.5 — 13.5.5.0 - | - {12513.5| - 2.0 - - -
99,5 — |z204.0 |. .20 |.30{ 9.0-11.0] - 15 | .25 |4.055 -
99.5 02 1305080 | | 8595 - 3.5 | .10 |4.0.5.5'%¢) —
99.5 |.05 | .10 20 |.35] 2.6-3.2 | .15 — |.25-45| .5 -
99.5 05 | .10 .20 [.35] 3.040 | .15 - | 7-13] a5 -
99.5 05 1 .05 — |.s0{ 25-3.1 - 100 [ 1.5-2.1] .10 25-,55 Co
99.5 .05 .30 .20 |.50] 6.3-7.6 .15 10 ('1.5-2.2] .25 ¢ -
COPPER-SILICON ALLOYS (SILICON BRONZES)
COMPOSITION, PER CENT MAXIMUM (UNLESS SHOWN AS A RANGE OR MINIMUM)
Cu !l-lg)LE-
COPPER MENTS WITH
ALLOY PREVIOUS SPEC. LIM- .
NO. TRADE NAME ITS {% Min.) Pb Fea 5n Zn Al Mn 41 Ni
647 e et bt sa e raasarans 99,5 10 a0 | — .50 - - 40-.8 1.6-2.2
BAS | e 99.5 .05 10 1.2.1.6 .20 .1p - B-1.2 .10
651 Low Silicon
Bronze B o..oveseeeesess 99.5 .05 .8 - 1.5 - 7 .8-2.0 -
655 High Silicon )
Bronze A.... 99.5 .05 .8 - 1.5 - 1.5 2.8-3.8 6
656 Ceeeerrernenen: : ~99,5 - ~02-1-50 | 15 [ -15-|-.01 =15 | 2840 |-
658 rernsseseaseensre st sttt senes 99.5 .05 .6 - - .01 .50-1.3 2.8-3.6 -
BE1 | e - 99.5 .20-8. 1 .25 - 1.5 - 1.5, 2.8-3.5 -




P AT e o SRR e 2
MISCELLANEOUS COPPER-ZINC ALLOYS

COMPOSITION, PER CENT MAXIMUM (UNLESS SHOWN AS A RANGE OR MINLMUM)
REEE SRDEANE . P TOTAL
COPPER OTHER OTHER RFE
ALLOY =~ PREVIOUS - ’ : NAMED ELE-_ }
NO. TRADE NAME Cu Pb Fe sn Zn Ni Al Mn Si ELEMENTS jvignNTs 2" ' )
667 |Manganese Brass....... 68.5-71.51 .07 10 —. |Rem.| - - 8-1.5 - - .50
571 1 SO 60,0-63.0[ .50 a5 30 (Rem.| .25 | .25 | 2.0:3.,5 {.50-1.5 - .10
669 | e, 62.5-64.5| .05 25 - |rem.| — - [L5125) - - .20
670 |Manganese Bronze B. je3- .0-68,0) .20 | 2.0-4.0 50 Rem.| - [3.0-6.0 [ 2,5-5.0 — - 10
672 57.5-61.0 .05 .25 - [Rem. [4.06.0{ - 6.0-8.0 | — - .20
.- 673 .|s8.0-63.0 |.40-3.0| .50 .30 |Rem.| .25 .25 | 2.0-35 |.50-1.5 - 10
2T 674 57.0-60.0 | .50 A5 30 |Rem.| .25 |[50-2.0 |2.0-3.5 |.50-1.5 - .10
fwAij (6757 Manganess Bronze A [57.0-60.0| .20 .8-2,0 |.50-1.5 [Rem,| — .25 .05-.50 - — .10
P AUTIN -/ T RS — 57.0-60.0 {.50-1.0"] .40-1.3 | .50-1.5 |Rem.| — - .05-,50 - - .30
4\ R : 7. B OO 55.5-58.0 [.50-1.,0 | .7-1.5 —  |Rem. [1:5.2.3| -— 05-30 | — A0-8 As| .50
678 R reeeenrarins 56.0-59.0( .30- | .7-1.5 [ .20 (Rem.{ — [.50-1.5 [.20-6 - - .10
680 Brcmze Low Fuming
_ (Nmkel) ....... vrerrs [56.0-60.0 | .05 |.25-1.25 [.75-1.10 |Rem. 1.20-.8 | .01 |.01-.50 [.04-15 - 50127
681 |Bronze, Low Fuming 56.0-60.0 [ .05 [.25-1.25 [.75-L.10{Rem. [ — .01 {.01-.50 [.04-15 - .50127)
687 jAluminum Brass, .
Arsenical v . 176.0-79.0| .07 .06 - |Rem.| - L8248 - —  |.02-.104s| .15
(5311 T8 SO v 172.3-74.7] 05 .05 — |Rem.[ -~ (3.0-3.8 - ~  {.25-55Co{ .10
624 ISilicon Red Brass...... 80.0-83.0| .30 .20 - |Rem.y - - — l|3s45 - .50
697 | ivrererinnseenresrniesenaeeenes, §75.0-80.0|.50-1.5 | .20 - |Rem.| - - 40 12,535 — .50

COPPER-NICKEL ALLOYS

‘COMPOSITION, PER CENT MAXIMUM {UNLESS SHOWN AS A RANGE OR MINIMUM)
. Cu 9%’!..5
COPPER MEMNTS WITH OTHER
ALLOY SpEC. LIM- NAMED
NO, PREVIOUS TRADE NAME ITS % Min.} Pb Fe Zn M Mn ELEMENTS
701 99.7 - .05 25 3.04.0 .25-.50 -
702 99.7 .05 .10 - 2.0-3.0 40 -
703 99.5 - .05 - 4.7-5.7 50 -
704 Copper Nickel B, cvvsnmsnisrenrasrnen 99,8 .05 1.3-1.7 1.0 4.8-6.2 .30-.8 -
705 Copper Nickel, 7%..ccvcviiivirinnn 99.5 .05 10 .20 5.8-7.8 .15 -
706 Copper Nickel, 10%....ccccoeenn- 99.5. 05 1.0-1.8 1.0 9.0-11.0 1.0 —
v+ 7 R I vereeraerans vemaerennns v, 99.5 - .05 - 9.5-10.5 .50 -
708 - Copper Nickel, T1%,.eerrurrrer 99.5 .05 10 - | .20 | 10.5-12.5 .15 -
700 ] e 99.5 .05 .6 1.0 13.5-16,5 .6 -
710 Copper Nickel, 20%. oo rer 99.5 .05 1.0 1.0 19.0-23.0 1.0 -
711 S veersasrnase rovsranerens 99.5 .05 10 .20 22.0-24.0 .15 -
13 | ... s reveeuresnes 99.5 .05 .20 1.0 | 23.5.26.5 1.0 -
715 Copper Nickel, 30%...ucccvinirens. 99.5 05 40-7 1.0 29.0-33.0 | 1.0 -
B & I B Febt et e b e ret e 99.5 - A40-1.0 - 29.0-33.0 - .30-7 Be
719 cerreenb b e s b e bR 99.5 - .25 - 29.0-32.0 .50-1.0 2.6-3.2Cr
o .08-.20 Zr
.02-.08 Ti
- 01 ¢
725, levesriiereranes 99.8 .05 6 .50 8.5-10.5 20 1.8-2.8 8n




OPPEH-NIC KEL-ZINC ALLOYS (NICKEL SILVERS)

COMPOSITION, PER CENT MAXIMUM (UNLESS SHOWN AS A RANGE OR MINIMUM)
coF'PEFl - OTHER TOTAL
ALLODY NAMED OTHER

NO. PREVIOUS TRADE NAME Cu Pb Fe zn NI Mn ELEMENTS | ELEMEMNTSI20}
732 | s [P asanress 70.0 {Min.) .05 b 3.0-6.0 | 19,0-23.0 1.0 - .50
735 70.5-73.5 10 .25 | Rem. | 16.5-19.5 .50 — .50
736 70.573.5 .05 25 | Rem. | 14.0-16.0 50 - .50
738 68.5-71.5 .05 .25 | Rem. | 11.0-13.0 .50 - .50
740 69.0-73.5 .10 .25 | Rem, 0.0-11.0 .50 — 50
745 Nlckel Silver, 65-T0...vuu00e ... | 63.5-68.5Y .10 .25 | Rem. 2.0-11.0 50 — .50
702 Nickel Silver, 65-18 « | 63.0-66.5 .10 .25 | Rem. | 16.5-19.5 50 — .50
754 Nicke! Silver, 65-15......... 63.5-66.5 .10 .25 | Rem. | 14.0-16.0 .50 - .50
757 Nickel Silver, 65-12.......... 63.5-66.5 .05 .25 | Rem. | 11.0-13.0 .50 - .50
760 . | 60.0-63.0 .10 .25 | Rem. 7.0-9.0 .50 - .50
761 59.0-63.0 10 .25 | Rem. 9.0-11.0 .50 — 50
762 57.0-61.0 10 25 | Rem. § 11.0-13.5 50 - 10
764 58.5-61.5 .05 1.25 | Rem. | 16.5-19.5 .50 — .50
766 | e rsnsenbrrrrenssseeaesnasssasbeas [ 55.0-58.0 10 .25 | Rem. § 11,0-13.3 .50 - 50
7687 Nickel Sllver, 56.5-15....... 55.0-58.0 — — Rem. | 14.0-16.0 | .50 - .50
770 Nickel Silver, 55-18.......... 53.5-56.5 .10 .25 | Rem. | 16.5-19.5 .50 - 50,
225 T - evrereneersirssaes s senas Veaveseaterns 46.0-50.0 .05 — Rem. 9.0-11.0 - 01 Al )
25P
. .04.,25 8i
774 cereree st s st saRR SRR e 43.0470 | .20 | — |Rem. | 9.0-11.0 | - - .50
776 Nsckel Sﬂver A43.5-13 siicrinarrinreans 42,045.0 25 20 | Rem. | 12.0-14,0 .25 A58n .50
782 63.0-67.0 | 1.5-2.5 |.35 | Rem. 7.0-9.0 .50 — .10
784 60.0-63.0 .8-1.4 1.25 | Rem. 8.0-11.0 .50 - 50
786 60.063.0 { 1.2-1.8 | .35 | Rem. 8.5-11.0 .50 - 10
788 63.067.0 | 1.5-2.0 ;.25 | Rem. 9.0-11.0 50 - .50
790 63.0.67.0 | 1.52.2 |.35 | Rem. | 11.0-13.0 .50 — .10
792 59.0-66.5 .8-1.4 .25 | Rem. | 11.0-13.0 .50 — 50
794 59.0-66.5 .8-1.2 1.25 | Rem. | 16.5-19.5 50 - 50
796 435465 | 812} — {Rem. { 9.0-11.0 | 1.5-2.5 - 150
798 455485 | 15625 {.25 | Rem, 9.0-11.0 } 1.5-2.5 — 50
799 47.5-50.5 | 1.0-1.5 1.25 | Rem. 6.5-8.5 .50 — .50
NOTES
(1 Figures in parentheses are troy opnces per avoirdupois &0 This includes Low Resistance Lake Copper and Electrolytic
ton. Copper.
@ These are high conductivity coppers which have in the 0 This includes Oxypen-Free Copper which contains P in an
annealed condition & minimum conductivity of 100% IACS. . amount agreed upon.
(3} Tne 99.99 value for Cu is exclusive of Ag. (11 Tyis includes High Resistance Lake Coppet.
@ The total of the seven following elements, Se, Te, Bi, (12} This includes permissible Se.
As, Sb, Sn and Mn not to exceed 40 ppm (.0040%). (13) Fhis i ] . .
. is includes Cu + Ag + Cd; deoxidized with small amounts
) Hg, max., 1 ppm (.0001%); Zn, max., 1 ppm (.0001%} of Li or other suitable elements as agreed upon,
Cd, max., 1 ppm-(.0001%); S, max., 18 ppm (.0018%); (14) . X . A
Pb, max., 10 ppm (.0010%); Se, max., 10 ppm (.0010%); This {nc]udf:s Oxygen-Free Tellurium Bearing Copper which
Bi, max., 10 ppm (.0010%); Oxygen, max., 10 ppm (.0010%). contains P in zn amount agreed upon.
€)  The value includes Cu + Ag+B. (15)  This includes Cu + Ap + Te.
h S, max., 15 ppm (.0015%); Cd, max., 3 ppm (.0003%); (8)  Other deoxidizers may be used as agreed upon, in which case
Zn, mix., 5 ppm {.0005%); Hg, max., 1 ppm (.0001%); P nieed not be present.
Pb, max., 10 ppm (.0010%); B, {.005-015%). (7} Thic includes Cu +Ag+5.
(8) ~Small amounts of Cd or other elements may be added by - - (18) -

agreement to improve resistance to softening at elevnted
temperatures.

Specific limits ore defined as any numerical values, whether

maximum only, minimum only, or ranges.




{19}

{20}

(21)

(22)

Ni + Co, 20%. min; "

. Ni ¥ Fe + Co, :6% max.

Analysis is regularly made for the elements for which specific
limils are listed except Zn. 1If; however, ihe presence of

‘other elements is suspected or indicated in the course of

routine analysis, further analysis shall be made to determine
that the total of these “‘other™ elements is not in excess of
the limits specified.

For pipe and tube, the Cu limit may be 83.0% min. and
the Pb .06 max.

Al + 8i, .005% max,

23

(24)
25)
(26)
(27
(28)
29
€l

For tube over § finches O.D., the Pb may be less than
.20%. ' T

1 -7
Copper, 61.0% min. for rod. l
Copper, 60.0% min. for rod.
For flat products, the minimum tin content may be .8%.
Including Al and Pb.
Including Mn,

Including Zn.

Iron content shall not exceed nickel content.




INDEX TO STANDARD COPPERS AND COPPER ALLOYS

quantities by consumers.
In addition to these alloys, there are many special and proprietary
alloys which can be and are produced by the mills for various uses,

The standard commercial wrought coppers and copper alloys listed
hereon are standard in the sense that over a period of years they have
been the ones most commonly ordered, in the forms indicated, in large

FORMS MOST COMMONLY ORDERED

COPPER d
OR : Indicated by {V) or by reference to nearest applicable A S T M Specifications
COPPER 1 NOMINAL Wire
ALLOY PAGE §COMPOSITION Flat {except
NO. NO, B PERCENT Products Pipe Rod Shapes . Tube Fiat}
10t 19 Cu, 100 B48, B133, B42,B188, Bl12,B49, B133,B187, B&8, B73, BI1, B2, B3,
; B152, B187, F68 B133, B187, F6l B1R8S, B280, F68
B272, B432, F&8 B372, F68
F&8
102 21 B Cuy, 100 B48, B133, B42 B188 B12, B49, B124, B133, B&8, BYS, Bi, B2, B3,
B152, B187, Bi24, B133, B187 BBS, B111, B33, B47,
B272,B370, B187 B188, B280, Blt6, B189,
B432 B359, B373, B246, B2B6,
: B3935, Ba47 B298, B355
104, 105 23 § Cu+Ag 100 | B48,B133, -| B42,B188 B12, B49, B133,B187 B68,B7S, 81,B2,B3
and 107 B B152, B187, B133,B187 B188, B280,
‘ B272 B3
109 25 BCu+B+P, B48, B133, B42,Bi88 Bi2, B49, B133, Big7 B68, B7S, B1, B2, B3
: 100 B152, B187, B133,B187 B188, B280,
: B272 B432 B372
110 27 H Cu+0,100 Bl11, B43, B188 BI2, B49, B124,B133, B111, B188, | B1, B2 B3,
: B101, B124, B124,B133, B187,B283 B447 BB, B33, B47,
B133, B152, B187 B49, B1186,
BI87,B272, B149, B246,
B370 B286, B298,
B3155
111 29 Cu+0+Cd, | B272 Bl
. 100
113, 114, 31 Co+O+Ap, | B48,B101, B188 B12,B49, B124,B133, -| Bl188 Bl,B2,B3,
115 100 B124, B133, B124, B133, B187 B33, B47,
and 116 B152,B187, B187 B49, B116,
B272 BI89, B246,
B28B6, B298,
: : B355
119, 120 33 HCo+P, 100 B133, B152, B42,B188, B12,B133, B133 BIR7 B68, B735,
and 121 : BiB7,B272 B302 B187 B88,BII1,
B188, B230,
B304, B359,
B372, B3935,
B447
122 35 @ Cu+P, 100 B11,B101, B42,B302 B12,B124, B124,B133 B68, B75, B260
7 B124,Bi33, B133 B88, B111,
B152, B370, B280, B306,
B432 B359, B360,
B395, B447,
B543
125,127, 37 H Cu+Ag 100 | B11,B124, B12,B124, B124, B133
128,129 B133,B152, B133
and 130 B272
o142 39 HCu+P+aAr | BH11 . B12. B75,B111, -
: 100 B359, B3935,
: B447
143 41 H Cu+Ag+(Cd, v
: 100

11




12

COPPER
CGR
COPPER
ALLOY
NO.

147

150

155

162

165

170

172

173

175

182

184

185

187

189

190

19

192

194

NOMINAL

PAGE §composITION

NO. §

45

47

49

51

33

55

37

57

59

61

61

61

63

65

67

69

71

73

PERCENT

y 99,5
E Te .50
! Cu 99.6
8 S 40
i Cu + Ag 99.80)
¥ Zr 15
i Cu + Ag 93.83
‘B .06
j Mg 11
E Cu 99
§ Cd 1
Cu 98.6
B
Sn .6
Cu 98.3
1.7
Cu 98.1
1.9
Cu 97.7
1.9
Pb 40
Cu 96.9
¥ Co 2.5
b
Cu 946.1
Cr .9
} Cu 99,2
| Cr .4
Cu 99.2
Cr .1
10
Cu 99
Pb 1
Cu 98.7
B
3
Mn .2
Cu 98.65
1.1
.25
Cu 98.15
Ni 1.1
Te .50
i P .25
i Cu 98.97
g Fe 1
[ P .03
i Cu 07.43
d e 24
Zn A3
P .04

Flat
Products

B124, B301

B301

B194, B196

B194, 819

B196

B441, B534

B301

B465

Pipe

“FORMS MOST COMMONLY ORDERED
Indicated by {/) or by reference to nearest applicabla A S T M Spacifications

B124, B301

B301

B156

B196

B196

B441

8301

B124, B30l

Tuba

B11l, B359,
B3935, B469

B543

Wire
{excapt
Flat}

B105

B1035

B197

F9

Fe¢

F9




COPPER
OR
COPPER
ALLOY
NO,

195

210

220

226

230

240

260

268

270

280

314

316

330

332

335

340

342

349

NOMINAL

paGE [composiTion

NO. §

75

77
79

81

83

85
87
89
89
91

93

95

97

%9

101

103

105

107

PERCENT

FORMS MOST COMMONLY ORDERED
Indicatad by {/} or by referenca to nearest applicable A 5 T M Specifications

Flat
Products Pipe Rod Shapes Tube
— TR i
v
B36, B134
B36,B130, v B130, Bi31 B135,B372
B131,B134
v
B36,B134 B43 BI11,B135
B359, B335,
B543
B36, Bl34
B19, B36, v B129 B135
B134
B3s, B134 v/ B135
B3s,B134 ' B133..
v ' Bi1l1, BI135,
B395
B140 B140 B140
B140 B140 Bi40
B121 B453 BI35
BI21 B453 B135
B12} B453
B121 B453
B121 B453
v

Wire
lexcept
Flat)

B134

Bl134

B34

B134

B134

Bi34

B34

13




COPPER
OR
COPPER
ALLOY
NO.

350

353

356

360

365, 366,
367
and 368

370

377

385

411

413

425

435

443, 444
and 445

454, 465,
466
and 467

482

485

14

PAGE

109

105

111

113

115

117

119

121

125

127

131

133

135

137

NOMINAL

ECOMPOSITION

PERCENT

Cu 62,5
Pb 1.1
Zn 36.4
Cu 62
Pb 1.8
Zn 36.2
Cu 62
Ph 2.5
Zn 35.5
Cu 61.5
{ Ph 3
Zn 35.5
Cu 60
Pb 6
in 394
Cn 60
I'b 1
Zn 39
Cu a0
Pb 2
Zn 38
Cu 57
g Pl 3
Zn 40
Cu 90
Sn 5
Zn 9.5
Cu 90
Sn 1
Zn 9
Cu 88.5
Sn 2
In 9.3
20
Cu 81
Sn .9
Zn 18.1
| Cu 71
% Sn 1
| Znn 28
fcu 60
] Sn .8
iZn 39.2
Cu 60.5
} Pb 7
Sn 8
Zn 38
Cu 60
1 Pb 1.8
Sn N
Zn 375

FORMS MOST COMMONLY ORDERED

it

Indicated by (/] or by raference to nearest applicable A S T M Spacifications

Flat
Products

B121

B121

Blé

Bi71, B432

B124

B508

B171, B432
B21,B124,

B171, B432

B2l

B21,B124

Pipe

Rod
B453
B453
B453

B16

B124

B21,B124 .

B21

B21,B124

Shapes

Blé

B124, B283

B455

B21, B124,
B283 .

B2l

B21,B124,
B283

Tube

B135

Blil, B359,
B395

Wira
{except
Flat)

B105




COPPER
OR
COPPER
ALLOY
NQ.

511

521

524

608
610

613
614
618
619
- 623
624
625

630
632

638

PAGE SCOMPOSITION

L& i v

139

141

143

1435

147

149

151

153

155

157

159

161

163

165

167

169

171

173

8,
1.
Cu 95
Sn 5
Cu 95.6
Sn 4.2
P .2
Cu 92
Sn 8
g Cu 50
B Sn 10
g Cu 88
§ Pb 4
i Sn 4
& Zn 4
e Cu 95
d Al 5
5 Cu 92
{ Al 8
8 Cu 92.65
 Sn 35
q Al 7.0
§ Cu 91
Fe 2
Al 7
§ Cu 89
# Fe 1
B Al 10
q Cu 86.5
8 Fe 4
Al 9.5
A Cu 87
g Fe 3
N Al 10
4 Cu 86
Fe 3
g Al 11
g Cu 82.7
§ Fe 4.3
Al 13
i Cu 82
i Fe 3
Al 10
N Ni 5
Bl Cu 82
d Fe 4
H Al 9
a4 Ni 5
d Cu 95
Al 28
g Si 1.8
4 Co A0

NOMINAL

PERCENT

e P T

Flat

B508
B100, B103,
B139
B103
B103, B139

B103, B139

B103, B139

Bl6%, B171

B150, B169,
B171, B432

B124, B150

Products

FORMS MOST COMMONLY ORDERED
Indicated (V) or by raference to nearest applicable A S T M Specifications

B13%

B139

B139

BE139

B150

B150

B150

BI24,B150

BI39

Blig

B139

B139

B150

B150

Tube

BI11, B359,
B395

Wire
{except

B103

B159

B159

Bi59

15
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COPPER
OR
COPPER
ALLOY

NO.

642

651

6565
667

674

675

687

688

694

706

710

7156

725
745
752

754

NOMINAL

PAGE JCOMPOSITION

175

177

179

181

183

185

187

189

191

193

195

197

199

201

203

205

E Cu
Zn
{ Al
| Co
} Cu
H Zn
A Si
f Cu
¥ Fe

Ni

} Cu
§ Ni

[ Cu
g Ni

PERCENT

%] w L b ~d
- DD O

R e A vl
hin oo o

13
-

88.2
9.5
2.3

65

10

65
17
18

63
20
15

Fiat
Products

B124, B150

B97, B98,
B432

B96, 897,
BYg, 8100,
B124, B432

B291

B124, B138

B122, B151,
B171, B4032,
B432

B122

B122, B151,
B171, B402,
B432

B122,B151

B122, B151,
B206

FORMS MOST COMMGHL Y ORDERED
Indicated ty {v) or by referance to nearest applicable A S T M Spscifications

Pipe

B315

B315

B466, B467

B466, B467

B466, B467

Rod

B124, B150

B98

B9B, B124

B124, B138

B371

B151

B1s51

B151

B151

Shapes

B124, B150,
B283

B98

B98, B124,
B283

B124, B138,
B283

B31s

B315

B111, B359,
B39s

B1il1, B339,
B395, B466,
B467, B543,
B532

B1l1, B359,
B3935, B466,
B467

B111, B359,
B395, B466,
B467, B343,
B552

Wira
{sxcept
Fiat)

B99, B105

B99

—

B206

B206

B206




COFPPER
OR
COPPER
ALLOY

770

782

PAGE HCOMPOSITION,
PERCENT

5 i

207

209

211

NOMINAL

FORMS MOST COMMONLY ORDERED

Indicated by (V) or by reference ta nearest applicabis A 5 T N Spacifications

Fiat
Products

B122, B151,
B206

Pipe

Rod

B151

Shapes

Tube

Wire
{excapt
Flat}

B206

17







. Compaosition — percent

COPPER No. 101 (oxyaen FREE ELECTRONIC)

Nearest Applicable AS T M Specifications

Nominal | Minimum | Mazimum
Flat Products B48, B133, B152, B187
Copper 9999 . ) B272, B432, Fo8
Residual Deoxidants None Pipe 342- B138, F68
Phosphorus 0003 Rod B}g:]B;g’BBBB
Tellurium 0010 Shapes B133, B187, F68
Other Named Elements#®s v e e Tube B68, B75, B188, B280
* Hg, max., ! ppm, (.0001%); Zn, max., 1 ppm, . B372, F68
(.0001%); Cd, max., | ppm, (.0001%); S, max., 18 Wire Bl, B2, B3, F68
ppm, {0018%); Pb, max., 10 ppm, (.0010%); Se,
max., 10 ppm (.0010%); Bi, max., 10 ppm (.0010%);
Oxygen max., 10 ppm, (.0010%).
** The total of the seven following elements, Se, Te, Bi,
As, Sb, Sn and Mn not to exceed 40 ppm, (.0040%).
ical Properties
PhYS Pr pe English Units C. G, 5. Units
Melting Point (Liquidus) 1981 F 1083 C
Melting Point (Solidus) i981 F 1083 C
Density 323 Ibjen in @68 F 894 gmfoucm @20C.
Specific Gravity 8.94 894
Coefficient of Thermal Expansion .0000094 per°F from 68 F to 212 F 0000170 per®°C from20C to 100 C
Coefficient of Thermal Expansion 0000096 per®F from68 F to 392 F 0000173 per°C from20C to200C
Coefficient of Thermal Expansion 0000098 per*F from 68 F to 572 F 0000177 per°C from20C to 300C
Therma! Conductivity 226 Btu fsg It /it /he 'F @ 68 F 934 cal fsq cm fem fsec [°C@20C
Electrical Resistivity {(Annealed) 10.3 Ohms (circ mil /It ) @68 F 1.71 Microhm-cmt @20 C
Electrical Conductivity* {(Annealed) 101 #IACS@68F .586 Megmho-cm @20 C
Thermal Capacity (Specific Heat) 092 BtufibF @68 F 0592 cal /jgm /°C @20C
Modulus of Elasticity (Tension) 7,000,000 psi 12,000 Kg fsq mm
Modulus of Rigidity Ilﬁ,d,oo’ooo psi 4,500 Kg/sq mm

*Volume and weight basis, minimum value

Typical Uses

ELECTRICAL AND bus bars, bus conductors and other conductors, wave guides, hol-

ELECTRONIC:

low conducters, lead-in wires and anodes for vacunm tubes,

vacunm seals, transistor components, glass to meta! seals, coaxial
cables and coaxial tubes, klystrons, micro-wave tubes, putomotive

rectifiers

Common Fabrication Processes

Blanking, coining, coppersmithing, drawing, etching, forming and bending,
heading and upsetting, hot forging and pressing, piercing and punching, roll
threading and knurling, shearing, spinning, squeezing and swaging, stamping

Fabrication Properties

Excellent
Excellent

Capacity for Being Cold Worked ...............
Capacity for Being Hot Formed ...............

Hot Forgeability Rating (Forging Brass=100) . ........ 65

Hot Working Temperature . . ...
Annealing Temperatute .......

1400-16G0 F or 750-875 C
700-1200F or 375650 C

Machinability Rating (Free Cutting Brass=100)......... 20

The values listed obove repreteni reasonoble approximations switable for general enginsering vse. Due 1o eammaeteial voriotions in eampasition and o

Suitability for being joined by:

Soldering. .....coeveiviennnnernsnnas Excellent

Brazing ........cciiiieniannn v+ ++.. Excellent

Oxyacetylene Welding. ... . hebarire e Fair

Gas Shielded Arc Welding ... .. Feveraa e Good

Conted Metzl Arc Welding. .. ... Not Recommended

Spot ........ Not Recommended

Resistance Welding Seam........ Not Recommended
Butt

....... Veriseass... Good

to monufoeturing limitations, they should not be used for specificotion purposes. See oppficoble AS.T.M. specification raferences,

(Cantinued an other 1ide)
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COPPER No. 101 (Continued)

Forms and Tempers Annsaled Tempers Rollsd or Drawn Tempers Hot ) ‘
Most Commonily Used Finished ‘

= Tampars
3 )
Noeminal Grain Size mm g. E
D & H
= ] 5 Ee‘i"g g.
5323 E ® 238 ¢ s|s B|E
:éi‘ T 3 H 1 8 Bl TR
g s &8 2 4 ¢ 6 8lg §ls
o o 0 mm.aE.Et-.-s'ﬂE.gE;'u::‘:Em‘
cE 23 8cigel e 2 F £ § F EOEE 5 ;
- a qqqﬁaﬁﬂfﬁfu&mnfﬁaa

Strip,Rolled ........... FEEERE ERER FE RN O TIE [ KRR [l BRSO 1Y LRI BRI
Stripl Drawn g - «scrcveaorsnn L IR R I D I R I N I R S
Flat Wire, Rolled | --««+cvevvvinnnn PR .| ............... ;e TS e PR
FLAT Flat WiIE, Drawn f «: s+ e eveeneians PRI PI I IR TRY LRI tesareeresaafiersneeiiaenns
PRODUCTS Bﬂf,RGllEd ................ FEEEE IEREE @ e P AR Fat e e
Bar,Drawn f rr--ccvnvs o DR T R [ LRI IR L Y T I Y NIRRT S
Sheet | - -+ rsrasraans .......‘.....'. ............................. B DIPTSR ‘e
Plate § -+ ccnvsnvarcraasnay B REEREE IR R A e e s ey A e e e OF TIRIRINP] CEP R
RODE -« hen e v e it e e s e l LR [ T I DRI I O
WIRE Y -« - e ssnvans R R Y TR ' R L R ] SO IIRIE] R
TUBER '+ rvvany P R R P P KR DN 1 SO SR N
PIPER -« - iiiiiniinan P feameraarar i s e P ! )
SHAPES L LI IR L N K R I I e D I B TR T U -
1. DRAWN — GENERAL PURPOSE temper is used 2. HARD DRAWN temper is used 3, LIGHT DRAWN — BENDING temper is
for penernl purpose tube only, ususlly where there only where there is need for a tube used only where a tube of some stiffness, but
is no real requirement for high strength or hardness on as hard or as strong as is commer- yet capable of readily being bent (or other-
the one hand or for bending qualities on the other, cially feasible for the size in question. wise moderately coid worked) is needed.
Mechanical Properties Yield Strength Elonga-
Tensile | {.5% Ext. tion Rockwell | Shear Fatigua
Size Strength | under Load)| (.2% Offset)| iIN2in. | Hardness |Strangth Strength
Form Saction Temper .
Million
in. (311 ksi ksl % 3 30 ksi kil | Cycles
FLAT 040 in., 050 mm ...... e | 320 10.0 ve 45 40 - -~ 22,0 Cees e
PRODUCTS O25mm ..., 34.0 11.0 . 45 45 — -1 230 11.0 100 i
Eighth Hard . ....... 36.0 28.0 P 30 60 10 25] 25.0 caes e !
warter Hard ....... 38.0 30.0 . 25 70 25 36| 25.0 .. e !
alfl Hard .. .. ...... 42,0 36.0 14 84 40 50] 26.0 13.0 100 i
ard. . ..o 50.0 45.0 . 6 90 50 57] 28.0 13.0 100 !
Spring. . .....oouvne 55.0 50.0 - 4 94 60 63] 29.0 14.0 100 ]
xtra Spring........ 57.0 53.0 . 4 95 62 64| 29.0 . e i
As Hot olled ,..... 34.0 10.0 . 45 45 — =~} 230 . - t
250i0n. | 050 mm........... 320 10.0 . 50 40 - -~ | 220 NN PN i
Eighth Hnrd ........ 36.0 28.0 40 60 10 -] 25.0 . Ce
thl'tEl’ Hard . 38.0 30.0 ‘e 35 7025 =1 250 . . o
.............. 50.0 450 12 90 50 -| 28.0 . oo
As Hot Rolled ...... 32.0 10.0 50 40 ~ -1 220 ’ ;
1.0 in. Hard..,......... ool 45,0 40,0 . 20 85 45 -] 260 i
ROD §1.0in. O50mm ..., 320 10.0 . 55 40 - -—1 22.0 . e :
250in. {Hard (40%) ........ 55.0 50.0 . 10 %4 60 -] 290 vaes e i3
1.0 in. Hard (35%) ........ 48.0 440 . 16 87 47 -~} 27.0 17.0 100
2.0in. Hard (16%} ....... 45.0 40.0 . 20 8545 -] 260 e e
1.0 1in, As Hot Rolled. ...... 32.0 10.0 55 40 - -] 220 . . :
WIRE O0B0in, (050mm .......... 35.0 . ‘e 35* - -~ ~—1 240 . - B
Hard....... veeeaa.] 550 1.5%*| — ~ -~} 250 . B
Spring............. 66.0 . . 1.5%*%[ - - -1 330 . g
TUBE i.0in. OD{.050mm .......... 32.0 10.0 45 40 —~ -~} 220 . e ¥
X .065in)025mm ,..,., 340 11.0 45 45 - =1 230 . . :
Light Drawn (15%) 40.0 32.0 25 77 35 45} 26.0 . . ¢
Hard Drawn (40%]}. . 55.0 50.0 . 8 95 60 63] 29.0 . i
SHAPES 300ip, {.050mm .......... 32.0 10.0 50 40 - -1 220 . e .
Hard (15%{ ...... v.p 400 320 30 - 35 -1 260 e N :
As Hot Rolled . ..... 320 10.0 50 40 - -~ 220 e .
As Extruded ....... 32.0 10.0 50 40 - -1 220 ceae
* Elongation in 10 inches, ** Elongation in 60 inches. 4

The values listed abave reprasent reqionahle approximations sultabla for ganaral snginssring use. Due to commarcial variatlans in camposition and
20 ta manufaciuring limitations, they should not be uved for specification purposss, Sea opplicable A5 T.M. inecficatidn refarences.




COPPER No. 102 (oxyGeN Freg)

Cuomposition — percent
Nearest Applicable A S T M Specifications

Nominal | Minimum | Maximum
Flat Products B48, B133,B152, B187,
Copper (incl. Silver) e 99.95 veun B272, B370, B432

Residual Deoxidants e None Pipe | B42,B188
Rod | BI12, B49, B124, B133, BI8T

Shapes | B124, B133, BI87

Tube | B68,B75, B88, BI11, BI8S,
B280, B359, B372, B395, B447
wire | B1, B2, B3, B33, B47, B116,
B189, B246, B286, B298, B355

Physical Properties

English Units C. G, 5. Units
Melting Point (Liquidus) 181 F 1083 C
Melting Point (Solidus) 1981 F 1083 ¢
Density 323 b feu in @68 F 894 gm fcucm @20 C.
Specific Gravity 8.94 8.94
Coefficient of Thermal Expansion 0000094 per*F from 68 F to 212 F 0000170 per=C from 20 C to 100 C
Coefficient of Thermal Expansion 0000096 per°F from68 F to 392 F 0000173 per°C from 20 C to 200 C
Coefficient of Thermal Expansion 0000098 per°F from 683 F to 572 F 0000177 per°C from20C to 300 C
Thermal Conductivity .. 226 Btu/sq ft /ft /hr °F @ 68 F 934 ¢al fsq om fem fsec PC@20C
Electrical Resistivity {Annealed) - 10.3 Ohms (circ mil /ft )@ 68 F 1.71 Microhm-cm & 20C
Electrical Conductivity* (Annealed) 101 %IACS@68 F .586 Megmho-cm @ 20C
Thermal Capacity (Specific Heat) : 092 Btu/lb°F @68 F 092 cal fgm j°C @20 C
Modulus of Elasticity (Tension): - 17,000,000 psi 12,000 Kg /sq mm
Modulus of Ripidity r6,400,000 psi . ‘ 4,500 Kg /sqg mm

Typical Uses

* Volume Basis .

"~ ELECTRICAL: bus bars and bus conductors, and other electrical coﬁducturs.
h wave guides, copper to glass seals in electronic appliances -

Common Fabrication Processes

Blanking, cdining, coppersmithing, drawing, etching, forming and bending,
heading and upsetting, hot forging and pressing, piercing and punching, roll
threading and knurling, shearing, spinning, squeezing and swaging, stamping

: Fabrication Properties _
Capacity for Being Cold Worked. . ... wesews. Bxcellent Suitability for being joified by:

Capacity for Being Hot Formed . . ... vevnaess Excellent Soldering. . .. .......... e Excellent
Hot Forgeability Rating (Forging Brass=100) - ... ... . B3 Brazing ... ......viiiiiiiiian, Excellent
Hot Working Temperature . ., . 1400-1600F or 750-875 C Oxyacetylene Welding. ... .........ccovunn. Fair
Annealing Temperature . ......700-1200F or 375-650 C - Gas Shielded Arc Welding ................ Good
Machinability Rating (Free Cutting Brass=100)....... 20 Ceated Metal Arc Welding ..... Not Recommended
: : ’ Spot ........ Not Recommended

- . Resistance Welding Seam........ Not Recommended

Butt .. ..iiiiiiiiininnen Good

The volues Jisted above represent reasonable opproximoilons suftcble for general engineering use. Due 10 commercial variations in compasition and
to manufacturing limitatiars, they sthould 1ot be used for specification prrpases. See applicoble AS.T.M. specification relerences.

" {Continued on other side}) ' R 21




Forms and Terﬁpers
Most Commonly Used

Strip, Rolled
Strip, Drawn
Flat Wire, Rolled
Flat Wire, Drawn
Bar, Rolied
Bar, Drawn
Sheet

Plate

ROD
WIRE
TUBE
PIPE
SHAPES

FLAT
PRODUCTS

1. PRAWN - GENERAL PURPOSE temper is used
for peneral purpose tube only, usually where there
is no real requirement for high strength or hardness on

the one hand or for bending qualities

COPPER No. 102 (Continued)

Annsaled Tempers

Nominal Grain Size mm

.100
070
050
035
025
015

-----------------

on the other.

Soft Anneal

Light Anneal

Rolled or
o
5
I
T E £
Ef'gg
: 5 § O
E L L. B =
£ = £ B
i 68 £ F #

.................

.................

2. HARD DRAWN temper is used
anly where there is need for o tube
us hard or as strong as is commer-
cially feasible for the size in question.

Drawn Tempers

Drawn — General Purposa (1)

Hard Drawn (2)

Spring
Extra Spring

Extra Hard

...................

Hot
Finished
Tempaers

)

Z

=

3

-] "
t|® o |B
s E|E
gn: 2 |F
§£3§
Jld &

........

.......

......

3. LIGHT DRAWN — BENDING temper is
used only where o tube of some stiffness, but
yet capable of readily being bent {or other-
wise moderately cold worked) is needed.

Mechanical Properties Yiald Strongth Elongs-
Tensile {.5% Ext. tion Rockwall Shaar
Size Strength § under L.oad}) (2% Offset}j in2in. | Hardness | Strength
Form Section Tempaer
in. kli ksi ksi % E l EL]SOT kesi
L PR, A
FLAT .040in, {050 mm ...... . 32.0 10.0 . 45 40 - ~| 220
PRODUCTS 025mm .,....... 34.0 11.0 s 45 45 - ~1 23.0
Eighth Hard . 360 28,0 PN 30 60 10 25] 250
varter Hard | e 38.0 300 . 25 70 25 36¢ 25.0
If Hard . . 42.0 36.0 14 84 40 50| 26.0
Hard...... . 50.0 45.0 6 90 50 577 28.0
F Spring . ........ v 55.0 50.0 4 94 60 631 29.0
Extra Sg{u]!f, ...... 57.0 53.0 4 95 62 64 29.0
As Hot ed ..., 34.0 10.0 45 45 - ~1 230
250in. | .050mm.......... 32.0 10.0 . 50 40 - -~ | 22.0
E1ghth ded ....... 36.0 28.0 40 60 10 —-§ 250
3uarter Hard ...... 38.0 30.0 35 025 - 250
.......... 50.0 450 12 90 50 -] 28.0
. As Hot Rolled ..... 32.0 10,0 50 40 - =1 220
1.0 in. e . 45.0 40.0 . 20 8545 -] 26.0
ROD § 1.0in. 050mm ......... 2.0 10.0 . 55 40 - -1} 220
2501n Hard {(40% Ve 550 50,0 10 94 60 ~| 29.0
1.01 in Hard {(35%) ....... 48.0 44.0 16 87 47 ~1 27.0
2.0in Hard {16%) ...... .1 450 40,0 20 8545 -~ | 26.0
1.0 in. As Hot Rolled .. ... 32.0 10.0 55 40 - -} 220
WIRE 08Gin, | DS0mm ......... 35.0 35= - - -1 240
Hard ............ 55.0 1.5%%| -~ - —| 2940
Spring ........... 66.0 1.5%%{ . . -1 330
TUBE F10in.OD) 050 mni ......... 32.0 10.0 . 45 403 - -1 220
X.065in] 025 mm ...... ... 34.0 11.0 45 45 - -1 2340
Light Drawn (15%) . 40.0 32.0 23 77 35 45| 26.0
Hard Drawn (40%).. | 55.0 500 - 8 95 60 63) 29.0
SHAPES 500 in D50mm ......... 32.0 10.0 50 40 - -] 220
Hard (15%% ........ 40.0 32.0 30 - 35 -1 260
AsHot Rolled . .... 320 10.0 50 49 - -1 220
As Extruded....... 32.0 16.0 50 40 - -~ 4§ 220

Tha valuss listed above reprasent recsonable approximations sultoble for ganercl enginearing uss, Due to commaerclal variations in composition and
to manufocturing limitations, they should not be used for spetificarion purposes, See opplicable A.5,T.M. spacificoilicn raferences.

22

* Elongation in 10 inches.

** Flongation in 60 inches,

Fatigue
Strangth
Million
ksl Cycles
1i.0  ido
13,0 ‘1o
13.0 100
14.0 100
170  Too




COPPER Nos. 104, 105 and 107 (oxyGEN FREE WITH SILVER)

Composition — percent

Mearest Applicable A S T M Specifications
Naominal | Minimum | Maximum oL
Copper (incl. Silver) ~ logos o Flat Produ_cts B48, B133, B152, B187,B272
Silver* Pipe B42,BI88
Copper No. 104 § ... 0278 .... Rod Bi2, B49, B133, B187
Copper No. 105 e 03430 .... Shapes B133, B187
Copper No. 107 § .... 0ase@s) ... Tube B68, B75, B188, B280, B372
Wire B1, B2,B3 ’
* Fipures in parentheses are troy ounces
per avoirdupois ton.
Physical Properties
! English Units C. G. 5. Units
n e
Melting Point (Liquidus) 1981 F 1083 C
Meiting Point {Solidus) 1981 F 1083 C
Density 323 1bjcu in @68 F 8.94 gm fcucm @20 C.
Specific Gravity 8.94 8.64
Coefficient of Thermal Expansion 0000094 per°F from 68 F to 212 F 0006170 per®°C from20C to 100 C
Coefficient of Thermal Expansion 0000096 per°F from 68 F to 392 F 0000173 per®C from20C to200C
Coefficient of Thermal Expansion 0000098 per °F from 68 F to 572 F 0000177 perC from20C to 300C
Thermal Conductivity 224 Btu fsq ft /it /hr I°F @68 F 827 cal /sq cm fem fsec PC@20C
Electrical Resistivity (Annealed) 10.4 Ohms (circ mil (it )@ 68 F 1.72 Microhm-cm @20 C
Electrical Conductivity® {Annealed) 100 ZIACS@6RF o .580 Megmho-cm @20C
Thermal Capacity (Specific Heat) 092 Btu /lb°F @68 F 092 calfpm [°C @20C .
Meodulus of Elasticity {Tension) 17,000,000 psi 12,000 Kg/sq mm .
Modulus of Rigidity . | 6,400,000 pst P 4,500 Kg/sq mm )
* Volume and weight basis ' Typfcal Uses
AUTOMOTIVE: gaskets, radiators ) .
ELECTRICAL: bus bars, conductivity wire, contacts, radio pnrts,'
o windings, switches, terminals, commutator segments
MISCELLANEQUS: chemical process equipment, printing rolls, clad metals, .
printed circuit foil; also where brazing in s hydrogen atmosphere
Common Fabrication Processes
i Blanking, coining, coppersmithing, drawing, etching, forming and bending,
' heading and upsetting, hot forging and pressing, piercing and punching, roll
threading and knurling, shearing, spinning, squeezing a_nd swaging, stamping
Fabrication Properties
Capacity for Being Cold Worked .. ....... + oo Excellent . Suitability for being joined by: X
Capacity for Being Hot Formed ...... svvevss .. Excellent Soldering ......... e Excellent
Hot Forgeability Rating (Forging Brass = 100) .......... 65  Brazing.......... U '.. Excellent
Hot quking Temperature. . 1400 - 1600.. F or 750875 C Oxyacetylene Welding. . . v o0 en i iennennn Fair
Annealing Temperature. . . . . 900-1400.. F or 475750 C h Gas Shielded Arc Welding . -« vvevevnnnn.. Good
Machinability Rating (Free Cuiting Brass = 100} ... ...... 20 ) Coated Metal Arc Welding. ... ... Not Recommended
: : Spot ......... Not Recommended
"Resistance Welding Seam-....uu.n Not Recommended
A . Butt «ovovnnnnnnas e Good
The vaolues listed above rapresent r ble approximations suitable for general snginesring nn.n. Due to commercial variation in campesition ond

to manvfocturing limitations, they should not be used for specification purpotes. See applicable A.5.T.M. specification referencas.
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-COPPER Nos. 104, 105 and 107 (continued)

Forms and Tempers
Most Commonly Used

Strip, Rolled
Strip, Drawn
Flat Wire, Rolled
Flat Wire, Drawn
Bar, Rolled

Bar, Drawn
Sheet

Plate

ROD

WIRE

TUBE

PIPE

SHAPES

FLAT
PRODUCTS

Annealed Tempars

Nominal Grain Sizs mm

Soft Anneal
Light Anneal

................

Rollad or Drawn Tempers Hot
Finishad
3 . Tampars
2 st
3 B
T s i
z Ea & g
. g o
£ - 2 3 5§ § 2 gt
3 E | 8 =& BIE
a £ & e O DO|« E 5
Pz § g £ iz £ o4
F £ &4 & & o £ 5|4 % ;'

Eighth Hard
Quarter Hard
Half Hard

...............

...............

Wi . N IEEEE PRI
. e
...... e L Y I
e Cerraeaa. PRI P .
I [V .

1, DRAWN -~ GENERAL PURPOSE temper is used
for general purpose tube only, usually where there
is no rea! requirement for high strength or hardness on

the one hand or for bending qualities on the other.

2. HARD DRAWN temper is used
only where there is need for o tube
as hard or as strong as is commer-
cially feasible for the size in question.

Mechanical Properties Yiald Strangth Elonga-
Tensile {.5% Ext. tion
Size Strangth | under Load)! (,2% Offset)) in 2in.
Form Section Temper
in. ki ksi ksi %
L _——*
FLAT 0400, [025mm.......... 340 110 {........ 45
PRODUCTS Eighth Hard . 36.0 280 J...-..-. 30
Quarter Hard ...... 38.0 300 (....... , 125
Half Hard......... 42.0 360 ..., 14
Hard,.... Ceraaes . 56,0 45,0 e 6
Spring .....,..... | 550 50,0 f..... . 4
Extra Spnng ....... 57.0 530 |........ 4
As Hot Rolled ..... 340 100 j........ 45
250in. (050 mm.......... 320 160 {........ 50
Eighth Hard ...... 360 280 |........ 40
Quarter Hard ... ... 380 30.0 . .. |35
Hard ........... . | 500 45.0 veea |12
As Hot Rolled .| 32,0 10.0 vrerees 150
1.0 in. Hard...... bee e .} 450 40.0 ieranes 120
ROD B1.0in, 050mm,......... 320 100 ........ 55
250 in. |[Hard (40%) ....... 55.0 500 ..., 10
1.01n, Hard (35%) ....... 48.0 40 |L..... ... |16
P.O in, Hard (16%) ...., 450 40.0 veees. 120
1.0 in. As Hot Rolled ..... 320 100 J...... v. |55
WIRE L080in. 1050 mm.......... (350 R P 35+
Hard............. 55.0 D P 1.5%*
Spring ........... 66.0 Caes e 1.5%*
SHAPES S00in, [0S0 mm.......... 32.0 10.0 {...... .. |50
Hard {(15%) ..... . 40.0 32.0 e 30
As Hot Rolled ..... 32.0 10.0 PP 50
As Extruded ...... 32.0 0.0 |...... . 50
TUBE §i.0in. O.DJLO5S0mm........ . 32,0 10.0 eeaaaa. |45
x.065inj025mm.......... 34,0 11.0 .. . 145
Light Drawn (15%).. | 40.0 320 |o....... 25
Hard Drawn {40%)}.. | 55.0 50.0 e 8

* Elongation in 10 inches

The values listed abave represent recionable approximations suitabla for gensral engineering vae. Due to
1o manufaciuring limitations, they should not b vsed for speclficarion purposes, See applicable A.S.T.M. spadfication raferences.
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3. LIGHT DRAWN - BENDING temper is
used only where a tube of some stiffness, but
yet capable of readily being bent (or other-
wise moderately cold worked) is needed.

** Elongation in 60 inches

Rockwsll [+ Shear Fatigus
Hardness  § Strength Strength
Million
" ks ksi Cycles
F|B|sor I
4y - - 23.0
60 10 25| 250 P
70 25 36| 25.0 e Caee
84 40 501 26.0
90 50 57| 28.0 veen s
94 60 63] 29.0 e e
95 62 64| 29.0 e
45 - -~ 23.0 P PR
40 - - 22.0 .
60 10 - 25.0
70 25 - 25.0 vasa )
90 50 -~ 28.0 Leas
40 - - 22.0 e
B5 45 - 26.0 Ve
40 - - 22.0 e e
94 60 - 29.0 e .
87 47 - 2740 e e
85 45 - 26.0 PR .
440 - - 22.0 ‘s
- - - 24.0 e
- - - 29.0 e
- - - 33.0 v e
40 - - { 220
- 35 - 26.0 e e
40 - - 22.0 e
40 - - 220 v PR
40 - - 220 e e
45 - - 23.0 .o
TT 35 45| 26.0 e ea.
95 60 627 25.0 NP e

in ition and

clal var




COPPER No. 109 (soroN DEOXIDIZED HIGH CONDUGTIVITY)

Compaosition — percent |
Nearest Applicable A S TM Specifications

Nominal | Minimum | Maximum

e Flat Products B48,B133,B152,B187,
Copper (incl. Silver} B272, B4312
+ Boron |....... 9999 |....... Pipe B42, B18g
Boron 010 005 0135

Rod Bi2, B49, B133, B137
Shapes B133,B187

Tube B68, B75, B188, B280, B372
The total of the seven following elements, Se, Te, Bi, .
As, Sb, Sn and Mn not to exceed 40 ppm, (.0040%). Wire Bl, B2, B3

S, max., 15 ppm, (.0015%); Cd, max., 3 ppm, (.0003%);

Zn, max., 5 ppm, (.0005%); Hg, max., 1 ppm, (.0001%)};
Pb, max., 10 ppm, {.0010%}; B, (,005- 015%)

Phosphorus f.......]....... 0005

A R

%ﬁ Physwai PFDPBI‘EIES English Units C. G. 8. Units
l:{r’ e
g Melting Point {Liquidus) 1981 F 1083 C
Melting Paint (Solidus) 1981 F 1083 C )
Density 323 1bfcu in @6B F 894 gm jeucm @20 C.
Specific Gravity 8.94 8.94
Coefficient of Thermal Expansion 0000094 per®°F from68F to 212 F 0000170 per°C from20C to 100C
Coefficient of Thermal Expansion .0000096 per°F from 68 F to 392 F .0000173 per°C from20C to200C
Coefficient of Thermal Expansion 0000098 per°F from 68 F to 572 F 0000177 per°C from20C to 300C
Thermal Conductivity 226 Btu fsq ft /ft fhr [°F @ 68 F 934 cal fsqem fem fsec PC@20C
Electrical Resistivity (Annealed) 10,3 Ohms (circ mil /fft )@ 68 F 1.71 Microhm-cm @20C
Electrical Conductivity® (Annealed} 101 % IACS@68 F 586 Megmho-cm @20 C
Thermal Capacity {Specific Heat) .092 Btu/lb°F @68 F .092 cal/gm /°C @20 C
Modulus of Elasticity (Tension) 17,000,000 psi 12,000 Kg/sqg mm
Modulus of Rigidity 6,400,000 psi 4,500 Kg/sq mm
* Volume and weight basis ’
Typical Uses
ELECTRICAL: bus bars and bus conductors, communications cable
shielding, electronic devices, waveguides, vacuum and .
~conventional switchgear, microwave components, o
heatsinks, copper to glass sealmg, pmch off tubes
clad rnetal
Common Fabrication Processes
Blanking, coining, coppersmithing, drawing, etching, forming and bending,
heading and upsetting, hot forging and pressing, piercing and punching, roll
threading and knurling, shesring, spinning, squeezing and swaging, stamping
. .
Fabrication Properties :
Capacity for Being Cold Worked ........... ... Excellent Suitability for being joined by: .
Capacity for Being Hot Formed .......... v.... Excellent Soldering. . ...cvviunna. e e Excellent
Hot Forgeability Rating (Forgmg Brasg = IOU) .......... 65 Brazing . e e .« .. Excellent
Hot Working Temperature. . . 1400-1600F or 750-875 C Oxyacetylene Weldmg ................... Good
Anpealing Temperature . . .......575-1300F or 300-700 C ] Gas Shielded Arc Welding...... e eesaeae Good
Machinability Rating (Free Cuttmg Brass = 100). ... 20 . Coated Metal Arc Welding...... Not Recommended -
Spot «-vnnnn. Not Recommended
Resistance Welding Seam........ Not Recommended
: Butt .oovvi it Good
: .
t The values listed cbove represent reasonable opproximations suitoble for general engineering use. Due ta commercial variations in composition and

to monwfacturing Hmitaiions, thay should not be uied for specificatian purposes, See opplicable A.5.T.M. specificotion references,
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COPPER No. 109 (Continued)

'Hnt

Forms and Tempers Annealed Tampers Aolled ar Drawn Tempers )
Most Compmonly Used Finished .
= Tempars
5 g
Nominal Grain Size mm § E |
- & E ;
: T _ & |
3EFF .8 3 9% E|E Y
I - A R ;
sgggeelsE|2 5z Bz fs gzl i} |
cad3858/afds 2 EFE FE S Tle 2]k
Strip, Rolled ff - «--- +-n- 2....8...,.8..9.-8..... F P 1.8 ...4....... ‘
Strip, Drawn f - R R e L L L I TR  CEREEY R p
Flat Wire, Rofled | -+«ccveveveonnn 7 Bt et . PP 3
FLAT Flat Wire, Drawn f§ «--rrererrorree IR R Y TN T S S i
PRODUCTS Bar,Rolled § -«----vnov-orennn I ORI FEN [ IEEEEEEEE Y IR R PP N TEEEE RPN 13
Bar,Drawn f§ -rr-c-ce-ieans RN [ VIR T T  ARREERE H
Sheet § - cc e .- -, T Ny i
Plﬂtﬂ ..................... L I R e I I e I S R N R J ....... E
RODHE -+c-v-riernrirneninideasssirsrnaeen I R T T S P ,r
WIREE ------: et .. F I T F e IR Y I R i
TUBE R «--+cvvvrnn ] D Cera e rar s T e i
PIPER cocrvie i i e Y T I (AP B i
SHAPES R *:rrorrerearnens L I R R Wi s [ EIEEERER : ) i
1. DRAWN ~ GENERAL PURPOSE temper is used 2. HARD DRAWN temper is used 3. LIGHT DRAWN - BENDING temper is
for general purpose tube only, usually where there only where there is need for a tube used only where a tube of some stiffness, but
is no real requirement for high strength or hardness on as hard or os stropg as is commer- yet capable of readily being bent {(or other-
the one hand or for bending qualities on the other. clally feasible for the size in question. wise moderately cold worked) is needed. :
!
Mechanical Properties Yield Strangth Elonga- X
Tensile (5% Ext. tion Rockwall Shear Fatigus
Size Strangth | under Load}{ .2% Offset}] IN2in. | Hardness ) Strength Strength
Form Saction Temper L
Million
in. ksi ksi ksi % ksi Cycles
FLAT § .040in. 050mm., ......... 320 10.0 e RPN
PRODUCTS 025 mm, ......... 34.0 11.0 45 45 —~ - 230 | 11.0 100
Eighth Hard .. ..... 36.0 28.0 30 60 10 25 250 | .... .
Quarter Hard . ..... 338.0 30.0 25 70 25 36 250 ) .... v
HalfHard ........ 42.0 36.0 14 84 40 50) 260 | 130 100
Hard ............ 50.0 450 6 90 50 57 2801 13.0 100
Spring ......... . 55.0 50.0 4 94 60 63 290 | 140 100
Extra Spring ...... 57.0 s3.0 4 95 62 64 290 7 .... cees :
As Hot Rolled ..... 34.0 10.0 45 45 ~ - 2307 ... P i
250in, (050 mm, ......... 320 10,0 50 40 - - 2201.... Ches
Eighth Hard . .,.... 36.0 28.0 40 60 10 - 250 1 ..., Ve .
Quurter Hard . ..... 38.0 30.0 35 7025 — 250 (.... e ) -
Hard ............ 50.0 453.0 12 50 50 - 280 | .... e : .
As Hot Rolled .. ... 32.0 10.0 . 50 40 - - 2201 ....
1.0 in. Hard ............ 45,0 40,0 . 20 8545 ~ 260 ] .... I il‘
ROD §1.0in. 050mm. . ........ 32.0 10,0 . 55 140 - -} 220].... e y:
250 in., |Hard (40%) ....... 55.0 50.0 10 94 60 - 290 9 ..., I ]
1.0in. Hard (35%) ....... 48.0 44 0 16 8747 - 270 1170 100 }
2.0 in, Hard {16%) ....... 450 40.0 20 8545 - 260 §.... RPN &
WIRE §| .0BOin. {.050mm........., 35.0 s 35% |~ - 24,0 5
Hard 55.0 cees 15 - -~ - 20 ) .... 1
Spring ........... 66.0 v 5 - - -] 330 }.... v i
TUBE J1.0in. OD{.050 mm......... | o320 10.0 45 140 - - | 220).... cee i
x.065in}.025mm.......... 340 11.0 45 4P - - 230 § ... e
Light Drawn (15%) 40.0 32.0 Ve 25 77 35 435 260 ... !
Hard Drawn (40%) 55.0 50.0 e 8 9560 63 29.0 15
SHAPES Y .500in. {.050mm,......... 320 10.0 50 140 - -] 220 i
Hard (15%) ....... 40.0 32.0 30 - 35 - 26.0 L
As Extruded ...... 32.0 10. 50 40 - - 22.0 &
* Elongation in 10 inches  ** Elongation in &0 inches {
Tha veluex liited cbave represent reasonoble opproximations sullabla for ganaral enginasring uss. Due 10 clal vari in position and i
26 te manufaciuring limitations, they thould not be used for spacification purppies, Sea oppiivable A.5.T.M. specificatidn refarences, }
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COPPER No. 110 (eLecTrOLYTIC TOUGH PITCH)

soosition — percent
Cocrpor Nearest Applicable A 8 T M Specifications

Nominal { Minimum | Maximum

Flat Products | B11, B48, B101, B124, B133,
=" , B152, B187, B272, B370

Cuper (incl, Silver) o 99.90 Pipe | B188

Oxygen 0 Rod } B12,B49, 8124, B133, B187

Shapes | B124, B133, BI87, B283

Tube | BI11, BI1S8, B447

wire { B1, B2, B3, B8, B33, B47
B49, B116, B189, B246,
B286, B298, B355

Physical Properties English Units ’ C. G. S. Units
Melting Point (Liguidus) 1981 F 1083 C
Melting Point (Solidus} 1949 f 1065 C .
Density 321-.323 b jcu in @68 F 8.89-894 gm feucm @ 20 C.
Specific Gravity 8.89-8.94 8.89-894
Cocfficient of Thermal Expansion ,0000094 per°F from 68 F to 212 F 0000170 per°C from 20 C to 100 C
Coefficient of Thermal Expansion .0000095 per°F from 68 F to 392 F .0000173 per°C from 20 C to 200 C
Coefficient of Thermal Expansion 0000098 per*F from 68 F to 572 F 0000177 per°C from 20 C to 300 C
Thermal Conductivity .- 226 Btu fsq ft /it fhr )F @68 F .934 cal fsq cm fcm fsec PC@20C
Electrical Resistivity (Annealed)} 10.3 Ohms (circ mil /ft )@ 68 F 1.71 Microhm-<m @ 20C
Electrical Conductivity* (Annealed) 101 ¢ JACS@68 F .586 Megmho-cm @20C
Thermal Capacity (Specific Heat) 092 Btu /Ib°F @68 F 092 cal fem /°C @20C |
Modulus of Elasticity {Tension) . 17,000,000 psi _ 12,000 Kg fsq mm .
Modulus of Rigidity - 6,400,000 psj 4,500 Kg /sq mm

.y . .

¥ztame and Weight Basis Tvpica! Uses

ARCHITECTURAL: hbuilding fronts, downspouts, flashing, gutters, roofing, screening, spouting

AUTOMOTIVE: geskets, radiators .
ELECTRICAL: bus bars, conductivity wire, contacts, radio parts, switches, terminals
HARDWARE: ball floats, butts, cotter pins, nails, rivets, soldering copper, tacks
MISCELLANEOQUS: anodes, chemical process equipment, kettles, pans, printing rolls, rotating
bands, road bed expansion plates, vats

Common Fabrication Processes

Blanking, coining, coppersmithing, drawing, etching, forming and bending,
heading and upsetting, hot forging and pressing, piercing and punching, roll
threading and knurling, shearing, spinning, squeezing and swaging, stamping

Fabrication Properties

C‘P"'C]ly for Being Cold Worked . ............ Excellent Suitability for being joined by:
Capacity for Being Hot Formed ,............. Excellent Soldering............. e .. .. Excellent
::g' Forgeability Rating (Forging Brass = 100) ... ...... 65 BrBZINE v vivvtrrrrnnaernananrernaenan Good
: ’mt Working Temperature . . .. 1400-1600F or 750875 C Oxyacetylene Welding ........ Not Recommended
‘hne?]mg. :rEmperature ...... 700-1200F or 375-650 C . Gas Shielded Arc Welding . ............ v.... Fair
chinability Rating (Free Cutting Brass=100). . . ... .20 Coated Metal Arc Welding...... Not Recommended
: : ' Spot ....... . Not Recommended
Resistance Welding Seam........ Not Recommended

Butt ........ e ... Good

The volues {isted above represent repsaneble approximations switable for general engineering vie, Due 1o commerelal variotions fn composition and
10 manufocturing limitolions, they thauld not be used for specifizalion purposes. Ses opplicable A.5.T.M. specification references.
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COPPER No. 110 (continued)

Forms and Tempers Anngaled Tempers Rolled or Drawn Tempers = * R Het

Most Commonly Used Finished
- Tampers
-] <
Nominal Grain Size mm - g
® g 3
3 T oo 8 3
= 8 o i
- = 2 ] ®» & f £ 3;
18132 .5 ¢ E6 5 i3 R|E
c £ & 2 3 5 f 8B BlEe F L
gl: 5 §9 z # ¢ o 0lg £z
segpggels /2 8 Ey s EE g2 og(E dif
Re 8885133 &8 2 & £ 58548 £ %q 2.4
PR s Pt S
Strip, Rolled § ----------- &--. -0 Y N R TR [ T [ IR IR | TR B
Strip, Prawn § -+ -+ - Pras e . | [P [ e T O
Flat Wire, Rolied § -+« -crevrerrvanns ™ L L S T
FLAT Flat Wire, Diawn JJ - r«ovcnvvves-osos L MY TR T BT e
PRODUCTS Bar,Rolled f --+-cvcvvvrennnn [ R T TR [ I [P [ T Ve
Baf,DﬂlWﬂ ................. [ I LR Y T P I Y I
Sheet § <« -+ ool | BRI Y [ I IR I R PP [ DR IR
Plate § -+ i " 1 P T e e iearea e ® -,
ROD R --- - vivianenn, [ TR S A @ e et s e IR IR
WIRE IR ) ® - B - [ IR [ T I
TUBEf -~ rrvvvers [ I TS [ AT N
PIPER] ::- - R F N I Y .
SHAPES § ++-rerremeenenvens L T [ F e...8.(.... )
1. DRAWN — GENERAL PURPOSE temper is used 2., HARD DRAWN temper is used 3. LIGHT DRAWN - BENDING temper is
for general purpose tube only, usuaily where there only where there is need for n tube used only where i tube of some stiflness, but
is no real requirement for high strength or hardness an as hard or as strong as is commer- yet capable of readily being bent (or other-
the one hand or for bending qualities on the other cially feasible for the size in question, wise moderately cold worked) is needed.
Mechanical Properties Yiold Strength Elonga-
Tansile {5% Ext. tion Rackwell Shaar Fatigue
Size Strangth | under Load){ [.2% Offset)] N 2in. | Hardness |Strangth Strength
Form Saction Tompaer Million
\ in, ksi ksi ksi % el B laoT ksl ksi Cyclas
i s t—— B e e B
: FLAT 040in. | O50mm ......... 32.0 100 cean 45 40 ~- -~ 220 ce ces
- PRODUCTS O25mm ......... 34.0 11.0 43 45 - - 23.0 11.0 100
Eighth Hard .. ..... 36.0 280 30 60 10 25§ 250 e R
guarter Hard ...... 38.0 30.0 25 70 25 367 25.0 . e
alf Hard . ... .. v..) 420 36.0 14 84 40 50] 26.0 130 100
Hard ............ 50.0 45.0 [ 90 50 57] 28.0 13.0 100
Spring ........... 550 50.0 4 94 60 63| 29.0 i4.0 100
Extra Spring. . ..... 57.0 530 4 95 62 64| 29.0 e vees
As Hot Rolled .. ... 34.0 10.0 45 45 - -~ 230
D25in, }.050mm ......... 320 10.0 50 40 - - 22.0
Eighth Hard ... ..., 36.0 28.0 40 60 10 - 25.0
guarter Hard ...... 380 30.0 35 70 25 - { 25.0
1:3 s S 50.0 45.0 12 90 50 - 28.0 :
As Hot Rolled | ...’ 320 | 1000 50 (a0 - — | 220 )
1.0in Hard . ........... 45,0 40.0 . 20 B85 45 -~ 26.0 g
ROD § 1.0in. O50mm, ......... 32.0 10.0 55 40 - - 22.0 . cea
250 in, | Hard (40%)........ | 53.0 500 10 94 60 - 29.0 Ce v
1.0 in. Hard (35%)........| 48.0 44.0 16 87 47 - 27.0 17.0 100
2.01n, Hard (16%). ....... 45.0 40,0 20 85 45 — 26.0 e Cee
1.0 in. As Hot Rolled .. ... 32.0 10.0 55 40 - - 22.0 .
i WIRE L080in. | 050 mm.......... 35.0 35% - - = 24.0
: Hard,..........., 55.0 1.5** - - = 25.0
; Spring ........... 66.0 1.5%*) =~ - -~ 33.0
TUBE § 1.0in.0D{ .050mm ......... 320 10.0 45 40 - - 22.0 .
‘ X.065in,; 025 mm ,........ 34.0 11.0 45 45 ~ - 23.0 .
Light Drawn (15%). .| 40.0 32.0 25 77 35 451 26.0 .
Hard Drawn (40%).. | 55.0 50.0 8 9% 60 631 29.0 .
SHAPES S500in. § 050mm ......... 320 10.0 50 40 - -~ 22.0 ce
Hard (IS%B ....... 40.0 32,0 3 -~ 35 - 26.0 Ve
As Hot Rolled , . ... 32.0 10.0 . 50 40 - - 22.0 N
As Extruded. . ..... 32.0 10.0 50 40 - - 22.0 .

* Elongation in 10 inches. ** Elongation in 60 inches.

Tha volues listad above raprasen) recionable opproximotians sulioble far ganeral englnesring vaw. Due to commarcial variciions in compasition ond
28 1o manufaciuring limitations, they should nat be used for specitication purposes. See applicable A.5.T.M. specification raferences.
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COPPER No. 111 (cLecTrROLYTIC TOUGH PITCH, ANNEAL RESISTANT)

Composition — percent .
Mearest Applicable A ST M Specifications

Nominatl | Minimum | Maximum ]
Flat Products B272
Copper (incl, Silver) e 89.90 caee )
Pipe
Oxygen 04 e Ve
Cadmium or other _ Rod
Elements 01 . e Shapes
Tube
Wire Bl
Physical Properties .
English Units €, G. 8. Units
: -\m s
Melting Point {Ligquidus) 1981 F 1083 ¢
Melting Point {Solidus) 194% F 1065 C
Density 321-323 b fcu in @68 F 8.89-8.94 gm/cucm @20C.
Specific Gravity 8.89-8.94 8.89-8.94
Coefficient of Thermal Expansion .0000094 per°F from 68 F to 212 F 0000170 per°C from20C to 100 C
Coefficient of Thermal Expansion 0000096 per°F from 68 F to 392 F 0000173 per°C from 20 C to 200 C
Coefficient of Thermal Expansion 0000098 per °F from 68 F toe 572 F 0000177 per°C from20C to 300 C
Thermal Conductivity _ 224 Btu fsg ft /it /hr F @68 F 927 cal fsq cm fem fsec FPC@20C
Electrical Resistivity {Annealed) -10.4 Ohms (circ mil /it )@ 68 F 1.72° Microhm-cm @ 20C
Electrical Conductivity® { Annealed) 100 5 JACS@68 F 580 Megmho-cm @20C
Thermal Capacity (Specific Heat) 092 Btu f/Ib°F @ 68 F 092 calfgm /f°C @20C
Modulus of Elasticity (Tension) 17,000,000 psi 12,000 Kg /sq mm
Modulus of Rigidity 6,400,000 psi ' 4,000 Kg/sq mm
* Volume and weight basis Typ!ca! Uses

Electrical power transmission where resistance to softening under overloads is desired

Common Fabrication Processes

Drawing and stranding, stamping

Fabrication Properties

Capacity for Being Cold Worked . ............... Excellent Suitability for being joined by:
Capacity for Being Hot Formed ..........000nn. Excellent Soldering. ++oesavnn ettt eeaaeaenan, Excellent
Hot Forgeability Rating (Forging Brass=100) .......... 65 Brazifg c «cvvevrenvrannnsnnsnraoenennans Good
Hot Working Temperature. . ... 1400-1600 F or 750-875 ¢ Oxyacetylene Welding «+...... Not Recommended
Anmnealing Temperature......... 900-1400F or 475-750 C Gas Shielded Arc Welding -+~ + e v vvennnnn. .. Fair
Machinability Rating (Free Cutting Brass=100).........20 ’ Coated Metal Arc Welding. . . . . . Not Recommended
Typical Softening Temperature .................. 875°F Spot ... ... Not Recommended
Resistance Welding Seam........ Not Recommended
- Butt cvvviennrnranconaas Good

The values listed ahave repretent reasonable approximations suftable for general enginearing use. Due to cammercial varfations In compositien apd
to monvfacturing limitations, they should not be vsed for speciflention purposes, See applitoble A5.T.M, specification refarences,

(Continued on other side)
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COPPER No. 111 (Continued)

Forms and Tenipers ' Annesled Tempers Holled or Drawn Tlmpon.. R Hot )
Most Commonly Used l Finished g
- Tampaers
't o
Nominal Grain Size mm g g
- 2 b
T [ £
z P o 8 3
[ 1] ~ |
= - ] E = 3
— -E |4 E ? [ = [ = "i E
IHE2:0 3 §9FHEd:
= ] - —
ggcggwgﬁgﬁi§?f-§ggezfa"
rngqoﬁﬁmé:ﬁﬁiﬁamniﬁ'&&';

Strip, Rotled f§ +«----vver-vunnn O . e N rear s Crreaeaa B U .
Strip,Drawn ------------------------------- ranans P I
Flat Wire, Rolled f « -« «- vt bttt isnsiarninnss YRR e aaa e A T .
FLAT Flat Wire, Drawn f --:+. ..+ e
PRODUCTS Bar,Rolled §| -+« -ccv-veaninnnnannii]en, [ [T PR d s et e s rrvaneb e .
Bar, Drawn v+ v crerrmiinnaiin ettt it R RN '
Sheet § -+ - varivaanone R T Y R N
Plate | - -« vt it ineitnnnns S P L oo
RODE -« viiiiviii i e e e i . SREEE I .
T8 o : TS A T NP .... . .
TUBEH ----covvvnvenn Ceaaan D e Y T
PIPEER --:c-vvv bisesusaana f 1 TR B Feaarsssaserruerernsherinnohonang )
SHAPESH ..... - . TR A e . . . P ST S
1. DRAWN — GENERAL PURPOSE temper is used 2. HARD DRAWN temper is used 3. LIGHT DRAWN — BENDING temper is
for general purpose tube only, usually where there only where there is need for a tube used only where a tube of some stiffness, but
is no real requirement for high strength or hardness on a8 hard or as strong as is commer- yet capable of readily being bent (or othes-
the cne hand or for hending qualities on the other. cially feasible for the size in question, wise moderately cold worked) is needed.
Mechanical Properties Yield Strength Elonga-
Tensila | (6% Ext. tion Rackwell | Shear Fatigua
: Size Strangth | under Load)] (.2% Offset}| in2in. | Hardness }Strength Strangth
; Form Saction Tamper : : ' - e
: ' Million
in. ksi ksi kai % F] B |30T ksi ksi Cyclu
WIRE 080 in, Hard........ ceee.| 66.0 15* |- - - | 330

Fos
L

* Elongation in 60 inches,

The volues listed chove represent reasonuble opproximations suitable for ganaral angineering use. Dua 1o commarcial variotions in compasition ond
30 to manufacturing limitations, they should not be vied for specification purposes. Ses applicable A5, T.M. spadiication references,




COPPER Nos. 113,114, 115 and 116 (roucH piTcH wiTH SILVER)

Compaosition — percent

Nearest Applicable A S T M Specifications

Nominal | Minimum | Maximum
Flat Products B48, B101, Bi24, B133,
Copper (incl. Silver) 55.90 B152, B187, B272
Silver* Pipe B188
No. 113 027 B) Rod | B12,B4%, B124, B133, B187
No. 114 0340108 ... Shapes § B124, B133, B187
No.115 | .... | .osauef ... Tube § B188
No. 116 . .085(25% ... Wire B1, B2, B3, B33, B47, B49, B116,
Oxygen 04 o B189, B246, B285, B298, B355
* Figures in parentheses are troy ounces
per avoirdupois ton
Physical Properties _ .
English Units C. G, 8. Units
Melting Point (Liguidus) 1980 F 1082 ¢
Melting Point (Solidus) F C
Density 321-.323 1 fcu in @68 F 8.89-8.94 gm fcu cm @20C.

Specific Gravity

Coefficient of Thermal Expansion

Coefficient of Thermal Expansion

Coefficient of Thermal Expansion

Thermal Conductivity

Electrical Resistivity (Annealed)

Electrical Conductivity* (Annealed)

Thermal Capacity (Specific Heat)
Medulus of Elasticity (Tension)

Modutus of Rigidity I

* Volume Basis ' c

AUTOMOTIVE:
ELECTRICAL:

MISCELLANEOUS:

8.89-8.94

200000698

17,000,000
6,400,000

per°F from 68 F to 212 F

per°F from 68 F t0 392 F

per°F from 68 F to 572 F

Btu fsq ft {ft /hr [°F @ 68 F
Ohms {circ mil /R Y@ 68 F

%IACS@68 F

Btu /Ib°F @ 68 F

psi

psi

Typical Uses

gaskets, radiators

per°C from20C to 100 C
per®C from20C to200C
per®C from20C to300C
cal fsq cm fem fsec PC @20 C
Microhm-cm @20 C
Megmho-cm @ 20 C

cal fam /°C ® 20C

Kg /sqg mm

Kg fsg mm

0000177
927

1.72

580
092
12,000
4,500

bus bars, conductmty wire, contacts, radio parts, wmdmgs switches,

terminals,

commutator segments

.

chernical process equipment, printing rolls, clad metals, printed circuit foil

Common Fabrication Processes

Blanking, coining, coppersmithing, drawing, etching, forming and bending,
heading and upsetting, hot forging and pressing, piercing and punching, roll
threading and knurling, shearing, spinning, squeezing and swaging, stamping

Capacify for Being Cold Worked. .
Capacity for Being Hot Fermed . .,

Hot Forgeability Rating (Forging Brass=1080)....

Hot Working Temperature
Annealing Temperature

Machinability Rating {Free Cutting Brass = 100)

Fabrication Properties

b oeas

20

Resistance Welding

Coated Metal Arc Welding. . .

............ Excellent Suitability for being joined by:
........... .+ Excellent Soldenng.........................Excellent
...... 65 BI2Zing ...vvvvnveicainrerneriana.. . Good
1400-160CF or 750-875 C Oxysacetylene Welding. .. ... . Not Recommended
900-1400F or 475-750 C Gas Shielded Arc Welding ...+ + - v iavnt Fair

. Not Recommended

Spot ......Not Recommended
Seam......Not Recommended
Butt ...ocvvisrnnnnannn Good

* The valiei listed above represent ressonoble opproximstions suitable for general enginesaring vie. Due 1o commercial voriations in compasitionand ... .. R,
e monufocluring Hmitations, they shauld not ke used far specificotian purposes. See applicable A.5.T.M. specification references.

(Continued on other aide)
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COPPER Nos. 113, 114, 115 and 116 (continued)

Forms and Tempers Annsaled Tempers Rolled or Drawn Tampers Hot N

. A
Most Commonly Used Finishad '
- Tempess
7 )
Nominal Grain Size mm g g
T g 2
= o
% . 3 s 8 iy §
$1E 8 . § B B8 g (15 3¢
E & 2 5 4 © - & ' £ 1% 2]F
£ 5 =
2 e § w @ wle E Jé § = B B g Z g § T E|R & |2
= 9 e 835|838 3 3F £ 2 & FE 852 8|2 2(3

Strip, Rolled - L B AR RENERE EEEREE ERY REREREEEEER o s
Strip, Drawn N - Veraeaea e P P
Flat Wire, Rolled (P PN e ] ,
FLAT Flat Wi_[e, Drawn L L B R .-@ senaas vevaan e PO
PRODUCTS Bﬂr, Rolled . g ERE ERY DRI P R SR
Bar, Drawn L G EIE O [ IR L R MR I varmafe s e, . .
Sheet L) R IR L R I R @ e
Plate e et ettt aa s O .
ROD - R T -...n ........... e - .............
WIRE . @ g g P e
TUBE S e X
P[PE ............................. e 4 oe v Fr b e n e b taevabh e e )
SHAPES ................. D R R L R P N ' . .
1. DRAWN — GENERAL PURPOSE temper is used 2, HARD DRAWN temper is used 3. LIGHT DRAWN - BENDING tempes is
for general purpose tube only, usunlly where there only where there is need for a tube used only where o tube of some stiffness, but
is no real requirement for high strength or hardness on as hard or as strong as is commer- yet capuble of readily being bent (or other-
, the one hond ar for bending qualities on the other. cinlly feasible for the size in question, wise moderately cold worked) is needed.
! Mechanical Properties Yield Strangth Elonge-
Tensile | (5% Ext. tion Rockwall | Shear Fatigue
. r Siza Strangth | undar Load)] {.2% Offsat}] M 2in. | Hardness | Strength Strangth
L Form Saction Tampear
P Miilion
L in, ks ksi ksi % | elglaor| ™ ki Cycles
L S ———————
HE FLAT § .040in. j.025mm ......... | 340 11.0 v |45 45 - 1230 | ...,
oo PRODUCTS Eighth Hard . ...... 36.0 28.0 e 30 60 10 25| 25.0 cee
: Py Quarter Hard . .. ... 38.0 30.0 cea 25 70 25 36| 25.0 P
HalfHard......... 42.0 36.0 RN 14 84 40 50) 26.0 .
8 Hard......... RPN 50.0 45.0 . 6 90 50 57! 28.0 e
Spring ........... 55.0 50.0 e 4 94 60 63] 290 e
Extra Spring....... 57.0 53.0 e 4 95 62 64| 29.0 e
As Hot Rolled .... | 34.0 10.0 R L 45 ~ -7 230 | ...
250in. |.050mm.......... 32.0 10.0 ceen 50 4 - —{ 220 e ceee
Eighth Hard . ... ... 36.0 28.0 40 60 10 ~] 250 ) ..., ceee \’
s Quarter Hard . ... .. 38.0 30.0 caa 35 7025 -7 250 cen v
Hard....... N 50.0 45.0 . 12 90 50 -1 28.0 v e e
As Hot Ro!led 32.0 10.0 e 50 40 - -~ 220 e ces
1.0 in. Hard ........... . 45.0 40.0 e 20 8545 -| 260 P
w ROD E1.0in. 050mm ......... 32.0 10.0 e 55 40 -~ | 220 cees e
Pet .250in, {Hard (40%)........ 55,0 50.0 e 10 94 60 -1 290 vees v
: 1.01n, Hard (35%)........ 48.0 44.0 P 16 87 47 -1 27.0 R
2.0in, Hard {16%}........ 450 40.0 e 20 85 45 -] 260 I v
1.0 in. As Hot Rolled . .... 320 10.0 55 40 - -~| 220
WIRE D80 in. (050mm ...... 35.0 35+ - - =] 240
Hard........... . 55.0 1.5%* .. - ~] 290D
Spring ........... 66.0 1.5%* |~ - - 330
S SHAPES S500in. [.0S0mm ......... 320 10.0 e 50 40 - | 220 | ....
P Hard (15%). ....... 40.0 320 v 3o - 35 -3 260 e
: H As Hot Rolled .. ... 320 10.0 R 50 40 - -1 220 e .
; As Extruded, ...... 320 10.0 50 40 -~ | 22,0 e e
* Elongation in 10 inches. = Elongatlon in 60 inches.
H Tha valuss listed above r-pr“nn! ke ap imatl sultable lor ganerol snginsering use. Dus to cial varictions In pasition and
b 32 1o ¥ Ing limitations, thay shnuld not be vsad for specificattion purposes. Se applicable A.5.T.M. apecificatidn refarances.
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COPPER Nos. 119, 120 and 121

.chorized High Conductivity; Phosphorus Deoxidized, Low Residual Fhosphorus (DLP); Phosphorus Deoxidized, Low
’g;:”l.fuﬂl Phosphorus, Civer Braring
o~

Compasition — percent Nearest Applicable A S T M Specifications **
Nominal | Minimum | Maximum : Flat Products | B133, B152, B187, B272
Copper No.119 Pipe B42, B188, B302
Copper (incl. Silver) | ... ]99.93 e Rod | Bi2, Bi33,B187
Phosphorus 006 .002 .0to
Copper No. 120 Shapes | B133, Bi187
Copper (incl. Silver) | ... |99.90 oo " Tube { B68,B75,BES,B111, B1gS,
Phobs:pholr; ! 008 004 | 012 ' - { B280, B306, B359, B372,
Copper NO. ‘
Copper tincl. sivver) | ... [99.90 e - | B395.BA4T
Silver* Cens 01441 ..., - Wire
Phosphorus .008 005 012 _ .
* Figure in parentheses is troy ounces
per avoirdupois ton .
#* Refer to specific ASTM specifications
for alloys covered :
Physical Properties English Units C.G.S. Units
i Melting Point (Liquidus) 198 F 1083 C
Melting Point (Solidus) 1581 F 1083 C
Density 323 Ib.jeuin. @68 F 894 gmfecucm@20C
Specific Gravity 8.94 8.94 -
Coefficient of Thermal Expansion 0000094 per °F from 68 Fto 212 F 0000170 per°Cirom 20 Cto 100C
Coefficient of Thermal Expansion 0000096 per °F from 68 Fto 392 F 0000173 per*Clrom 20 Cto 200 C
Coelficient of Thermal Expansion 000098 per °F from 68 Fto 572 F 0000177 perCirom20Cto 300C
Thermal Conductivity - Btu /sq ftfft/le/"F@ 68 F . calfsq cmfcmfsec/*C @20 C
Copper No. 119 224 927
Copper Nos. 120121 223 ' ’ 910 - '
Electrical Resistivity {Annealed) Ohsms (eirc mil/ft) @ 68 F . Microhm-cm @ 20 C
Copper No, 119 104 1.72
Copper Nos. 120-121 10.6 - ‘ 1.7¢ -
$arctrical Conduciivity * (Annealed) [ ' %S IACS @68 F Megmho-cm @ 20 C
Copper No. 119 §- 100 ] ’ 580
Copper Nos, 120-121 98 _ 368
Thermal Capacity (Specific Heat) ’ .092 Btu/lbfF@ 68 F . 092 calfgm/CR@20C
Modulus of Elasticity (Tension) 17,000,000 psi : . 12,000 Kgfsg mm
Modulus of Rigidity 6,400,000 . psi o 4,500 Kg/sq mm
* Yolume Basis ' ' ' ' ;

_ Typical Uses - -~ . . . .0 0 .
Bus bars, electrical conductors, tubular bus and applicétinns requiring welding or brazing

Common Fabrication Processes

Blanking, coining, coppersmithing, drawing, etching, forming and
bending, heading and upsetting, hot forging and pressing, piercing
and punching, roll threading and knuiling, shearing, spinning,

squeezing and swaging, stamping .

Fabrication Properties

Capacity for Being Cold Worked . . . . . . . . Excellent Litebili s .
; Qapacity for Being Hot Formed . . . . . . . . Excellent S 'mbégigfr?;;ff’f‘%’f’.“_‘f‘f by ___________ ... Excellent
o x! SIPrggabiﬁty Rating (Forging Brass=100) - . . . . 63 : Brazing ....... e e e Excellent
M;aﬁ:ﬁf_}g Temperature . , ,1400-1600 F or 750-875 €. = . . Oxyacetylene Welding .. . . ... o oo i v ie v e n e Fair
lehinabg'u emperature , , - 700-1200 F or 375-650 ¢ . - Gas Shielded Arg Welding ............... Excellent
ity Rating (Free Cutting Brass=100), . . . . 20 . ° Costed Metal Arc Welding . . . . . .. Not Recommended
b ' R : SPOt v evrrnnnns Not Recommended
2 Resistance Welding Seam ..... + ... Not Recommended

Butt ..ot Good

The valuas listed above tepresent reasonchle approximations suitable for general engineering vse. Dus to commercial varlations in compesition and
to monufacturing Iimltotions, they should no! be wied for specification purposes, See applicabily A,5.T.M. specification references.
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COPPER Nos. 119 120 and 121 (Contmued)

Forms and Tempers Annealed Tempers Rolled or Drawn Tampérs """ " Hot )
Most Commonly Used ﬁ Finished
o Tempers
P
Nowminal Grain Size mm a2 2
H & B
] . @ ;
- 8 o~ |
3l 3 ¢ e 5 ¢ |3
BIlE 2.5 3 $9%% |zl
éd 41 g 8 £ ¢ - @ e & 8|« £ls
seswgoelz£/2 F = 3y 8 g gz ozif 5%
PS5 88ca|g3|& 5 € EFE 8 F LS 2 2y ald f
m%
Strip, Rolled f + -« - - - R R I S YU T Y P I
Strip, Drawn e s v v ee v P PP e e R N
Flat Wire, Rolled ff ---+«+- -+~ eeen . R O e e rar e e PR I P
FLAT Flat Wire, Drawn B -+ v rvrraveaarrsrarssarerlesranrsianranrsssavssncancvanrensncantasors|anacor|anacans
PRODUCTS Bar,Rolled ff -+ e+ PN e taeaaea ey Ciaee . P P e
Bur, Drawn fl «-cvrrrscernncrisnnrssfoanssnssnsssrnssasatnnranssssssrnvancerlocvasalasseas
Sheet § «+-++ - Wi s B Y R e I I S R P S
Plate B -- -« | B I R R L R R EE ER RN I
RODE oo i e st e i e, DU I I
WIRER ......-- R R AU S
TUBE YR --: .. ' TEREE EEEE IREE BRI I @ i [ Y TN N B
PIPEH -+ -t ivsnnnnnas B e r i iiiaaas [ T N [ N -
SHAPES B .- oo iiieeeiicnni)eenns . Gt e aeeeaaeas ) :
1. DRAWN — GENERAL PURPOSE temper is used 2, HARD DRAWN temper is used 3. LIGHFT DRAWN - BENDING temper is :
for general purpose tube only, nsually where there only where there is need for a tube used only where a tube of some stiffness, but :
is no real requirement for high strength or hardness on as hard or as strong as iy commer- yet capable of readily being bent (or other- :
the one hand or for bending qualities on the other, cially feasible for the size in question, wise moderately cold worked) is needed. :
Mechanical Properties Yield Strangth Elangs- '
Tensila | {5% Ext. ‘ tion Rockwell Shear Fatigue 1
. Size Strangth { under Load)] (.2% Offset}] n2in. | Hardness |Strength Strangth ;
: Farm Soction Tempar } :
: Million
i in. ki ksi ksi % ksi ksi Cycles
it FLAT 040 in, | O5Cmm.......... 32.0 10.0 e 45 |40 - - 32.0 caes A
! PFRODUCTS 025mm,......... 34.0 11.0 e 45 145 - - 23.0 110 100
Eighth Hard ....... 36,0 28.0 30 |60 10 25| 250 .
Quarter Hard . ... .. 38.0 30.0 . 25 |70 2536 250 .... Ces
Haif Hard , ...... L.p 420 36.0 14 {84 40 50 26.0 i3.0 100
Hard............. 50.0 45.0 3] 90 50 57 28.0 13.0 100
Spring ....... «...| 550 50.0 . 4 |94 60 63 29.0 140 100
Extra Spring ...... 57.0 53.0 4 [956264| 290 .... e
As Hot Rolled .. ... 340 10.0 A 45 45 - - 23.0 v .
250in. | 0SOmm._......... 32.0 10.0 e 50 340 - - 22.0 v
Eighth Hard . .| 36.0 28.0 v 40 60 10 - 25.0 ce- e :
Quarter Hard ...... 38.0 30.0 N 35 70 25 - 25.0 e chee ) :
! Hard ............ 50.0 45.0 Ces 12 90 50 - 28.0 e - |
: As Hot Rolled. . ., 320 10.0 .. 50 40 - - 22.0 e .
; 1.0in. Hard ,...........| 450 40.0 20 |B545 - | 260} ... ...
i ROD 1.0 in. O50mm. . ........ 32.0 10,0 - 95 40 - - 220 e .
: .250in. { Hard (40%) ........} 55.0 50.0 20 194 60 - 29.0 e e
1.0in, Hard (35%) ....... 48.0 44.0 . 16 87 47 -~ 27.0 17.0 100
2.0 in, Hard (16%) .......| 45.0 40.0- 20 |85 45 ~ 26.0
1.0 in. As Hot Rolled ..... 32.0 10.0 55 |40 - - 220
PIPE Y%in, SPS| Hard (30%) ....... 50.0 45.0 e 10 )90 50 - 28.0 .
TUBE 1.0in,0D} 050mm,.,........ 320 10.0 hes 45 |40 - -~ 220 vean
x.065 in, 025mm ..... . 34.0 11.0 45 45 - - 23.0
Light Drawn(lS%) 40.0 320 25 77 35 45 26.0
) Hard Drawn (40%)..{ 55.0 50.0 Cees 8 195 60 63 25.0 e v
SHAPES 500in. | OS0mm,......... 32.0 10.0 e 50 |40 - - 220 e e
Hard (15%) ....... 40.0 32.0 30 - 35 - 22.6
As Hot Rolled. . .. .. 320 10.0 50 |40 - - 22.0
As Extruded |, ..., . 320 10.0 e 50 (40 - - 220 | . .

“The valuas listed cbove repreiant remsanoble approximations suitable for ganaral angineering use. Dus to commereial variations in compesition and
34 10 manulaeturing limitaricne, they sthould nar be used for specification purpases, Ses applicable A.S.T.M. spaciflcatidn raferences.




- COPPER No. 122 (PHOSPHORUS DEOXIDIZED, HIGH RESIDUAL PHOSPHORUS)

.. itign — pihount
Composition = P Nearest Applicable A S T M Specifications

Nominal | Minimum | Maximuem
Flat Products | BI11, BIOI, B124, B133,
= B152, B370, B432
Copper (incl. Silver} | ... 99.90 | .... Pipe | B42, B302
Phosphorus § .02 0151 040 ' Rod | Bi2, Bi24, B133
Shapes § B124,B133
Tube B68, B75, B88, B111, B280, B306,
B3159, B360, B395, B447, B543
Wire B260
Physical Properties English Units C. G.S. Units
— —_—
Melting Point (Liquidus) 1981 F ’ 1083 C
Melting Point (Solidus) F : C
Density 323 lbfcu in @68 F 894 gm fcucm @320 C.
Specific Gravity 8.94 8.94
Coefficient of Thermal Expansion 0000094 per°F from 68 F to 212 F 0000170 per°C from 20C to 100 C
Coefficient of Thermal Expansion 0000095 per°F from 68 F to 352 F 0000173 per®C from20C to 200 C
Coefficient of Thermal Expansion 0000098 per°F from 68 F to 572 F 0000177 per°C from20C to 300 C
T Thermal Conductivity 196 Btu fsq ft fft /hr /°F @ 68 F .81 cal fsq em fem [secf°C@20C
% R Electrical Resistivity (Annealed} 12.2 Ohms {circ mil /ft )@ 68 F © 2,03 Microhm-cm @20C
] ~ Electrical Conductivity* (Annealed) 85 @IACS@68F ] 493 Megmho-cm @20C
Thermal Capacity (Specific Heat) 092 Btu/lb°F @68 F 092 cal fgm j°C @20C
= Modulus of Elasticity (Tension) 17,000,000 bsi 12,000 Kg /sq mm
i . Modulus of Rigidity 6,400,000 psi . 4,500 Kg /sq mm
-~ *VYotume and Weight Basis e . . Lo -
g : Typical Uses
HOUSEHOLD: air conditioners, gas lines, heater lines and units, oil
burner tubes, plumbing pipe and tube, refrigerators
INDUSTRIAL:  air conditioners, brewery tubes, condenser, evaporator
) and heat exchanger tubes, dairy tubes, distiller tubes,
_ ) kettles, pulp and paper lines, steam and water lines, tanks
TRANSPORTATION: (Air, Land and Sea): air, pasoline, hydraulic and oil lines,
oil coolers
MISCELLANEOQUS: page lines, rotating bands
Common Fabrication Processes -
Blanking, coining, coppersmithing, drawing, etching, forming and bending,
heading and upsetting, hot forging and pressing, piercing and punching, roll
threading and knurling, shearing, spinning, squeezing and swaging, stamping
Fabrication Properties :
Capacity for Being Cold Worked « « <+ o+ v v vu .. Excellent uitabili ine ioi " :
Capacity for Being Hot Formed « < +xvvcn ... Excellent - bgcl)tl!d/efrci’rr\;e.l?.g :|c.u‘n.e.d by ............... Excellent
g: g’”ge,“b”“)’ Rating (Forging Brass = 100) -+ .+« .. .. 65 Brazing ....oeeeiniiiiiininnannan.. Excellent
Anncagrk“'}'g Temperature . , ;, 1400-1600 E or 750-875 Oxyacetylene Welding - . .....ccoiveinnn.. Good
" Machin nbE:H emperature ., . ... 700-1200F or 375-650 € L Gas Shielded Arc Welding.............. Excellent
- ability Rating (Free Cutting Brass =100). . ...... 20 . Coated Metal Arc Welding ..... Not Recommended
: : Spot ..--.... Not Recommended
Resistance Welding Seam........ Not Recommended
. Bufh cvrrrii i i it Good

o= The values listed obove rapresent reasonable appraximalicns switable for genaral engineering use, Due to comrmercial varintions in carpesitian and 7770
ta manulatturing limitations, they should not be used for specifizaiion purposes. See opplicable A.5.T.M. specification referencer.
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COPPER No. 122 {Continued)

Annealsd Tempars

Forms and Tempers
Most Commonly Used

100
070
050
035

Strip, Rolled §

Strip, Drawn J
Flat Wire, Rolled

Flat Wire, Drawn ... .......

Bar, Rolled §

Bar, Drawn |

Sheet E

Plate ¥

RODGE......

WIRE ..

TURE §

PIPER...........

' SHAPES E

FLAT
PRODUCTS

1. DRAWN - GENERAL PURPOSE temper is used
for general purpose tube only, ususlly where there
is no real requirement for high strength or hardness on
the one hand or for bending qualities on the other.

HNominal Grain Size mm

...........
............
...........

.............

............
..........

025

015

Soft Anneal

Light Anneal
Eighth Hard
Quarter Hard

Ha!f Hard

Three Quartesr Hard

.................

................

2. HARD DRAWN temper is used
only where there is nced for a tube
as hord or as strong as is comimner-
cially feasible for the size in question,

Rolled ar Drawn Tumpirs

Extra Hard

....................

......

...................

Hot )
Finishad ’
Tempers

Drawn — General Purposa (1)
Light Drawn — Bending (3)

Hard Drawn (2)

As Hot Rolled
As Extruded

................................

3. LIGHT DRAWN — BENDING temper is
used only where a tube of some stiffness, but
yet capable of readily being bent (or other-
wise moderately cold worked) is needed,

Mechanical Properties Yiold Strength Etonga-
Tensile [ {5% Ext. tion Rockwell | Shear Fatigua
Siza Strength | under Load)| {.2% Offset)| In2in. | Hordness |Strength Strangth
Form Saction Temper - -
Million
in. ksi ksi ksi % ,:I 8 ISUT ksi ksi I Cyclos
A — *
FLAT 040 in. (.050mm.......... 320 10.0 e 45 40 - - 220 e e
PRODUCTS O023mm, . ,....... 340 11.0 45 45 - ~| 23.0 11.0 100
Fighth Hard .. ..... 36.0 28.0 30 60 10 25| 25.0 v

Quarter Hard .. .... 38.0 30.0 25 70 25 36} 25.0 e cen
Half Hard , .. ...... 42.0 36.0 14 84 40 50§ 26.0 13.0 100
Hard ............ 30.0 45.0 6 90 50 57] 28.0 13.0 100
Spring .......... 55.0 30.0 4 94 60 63| 29.0 14.0 100
Extre Spring ...... 57.0 53.0 4 95 62 64| 259.0 e e
As Hot Rolled. ... .. 34.0 10.0 45 45 - —-| 230 . hen

250in, |.050mm.......... 32.0 10.0 50 40 - - 22.0

Eighth Hard . . ... . 36.0 28.0 40 60 10 —-| 25.0

Quarter Hard . ... .. 38.0 30.0 35 7025 | 250
Hard ............ 50.0 45.0 12 90 50 -] 28.0 cans veas
As Hoi Rolled . .... 32.0 10,0 50 40 ~ -~ 220 v i
1.0 in, Hard ............ 45.0 40.0 20 8545 - 260 e vean
TUBE E1.0in.OD|.050mm ........ . 32.0 10.0 v 45 40 - -} 220 11.0* 20
£ X .065in{.025mm ,........ 34.0 11.0 45 45 - 1 230
Light Drawn (15%). . 40.0 32.0 . 25 77 35 45| 26.0 14.0* 20
Hard Drawn (40%) . . 55.0 50.0 P 8 95 60 63| 29.0 19.0* 20

PIPE §% in. SPS |[Hard (30%)........ 50.0 45.0 10 90 50 -1 28.0

* Rotating beam tests an rod

The values listed obove reprasent ramzonable approximatisns suliable for gensral anginesring use. Due 16 cammercial variolions in camposition ond

ring limitat

36 re

. they should nat be vied for specification purposes. Ses applicable A.5.T.M, apecificatldn raferences.




COPPER Nos. 125, 127, 128, 129 and 130
(FIRE REFINED TOUGH PITCH WITH SILVER)

ition — percent
Compasition — P Nearest Applicable A S T M Specifications »#

Nominatl | Minimum | Maximum
Flat Products Bll,B124,B133,B152,B272
e lver® A Pipe
Copper (incl. Siver®} } ... | 99.88 012 Rod | B12,B124,B133
Arsenic | ..., .
Antimony ggg Sl};f;: B124, B133
cum + Selenium f ... . !
Telwrm T kel | ooo0 | Ll | 0s0 Wire
Bismuth d .... cees .003 * Minimum Silver Content
Tead | .... e 004 percent azjton . n Ref?rrh:o specfific
AS specifications
Copper No. 127 027 8
Copper No. 128 .034 10 for alloys covered
Copper No. 129 054 - 16
Copper No. 130 D85 25
Phys:cal Propertles English Units C. G. 8. Units
Melting Point (Liquidus) 1981 F 1083 C
Melting Point (Solidus) F C )
Density 321 lbfcu in @68 F 89 gm/cuecm @20C.
Specific Gravity 8.9 8.9 ) .
Cozlficient of Thermal Expansion 0000093 per°F from 68 F to 212 F 0000168 per°C from20C to 100 C
Coefficient of Thermal Expansion 0000096 per°F from 68 F to 392 F 0000173 per°C from20C to200C
Coefficient of Thermal Expansion 0000098 per°F from 68 F to 572 F 0000177 per°C from20C ic300C
Thermal Conductivity 218 Btu /fsq ft /it /hr /°F @ 68 F .86 «cal fsqcm focm fsec PC@20C
Electrical Resistivity {Annealed) 10.6 Ohms {circ mil /it )@ 68 F 1.76 Micrechm<m @20 C :
Electrical Conductivity™ (Annealed) 98 HIACS@68F E 568 Megmho-cm @20 C
Thermal Capacity {Specific Heat) 092 Btu/lb°F @68 F 092 cal/gm/f°C @20C
Modulus of Elasticity (Tension) 17,000,000 psi 12,000 Kg /sq mm :
Modulus of Rigidity - 6,400,000 psi : o 4,500 Kgfsq mm

. .
Vohume Basis Typical Uses
ARCHITECTURAL: building fronts, downspounts, flashing, gutters, roofing, screening, spouting
AUTOMOTIVE: gaskets, radiators
ELECTRICAL: bus bars, contacts, radio parts, commutator segments, switches, terminals
MISCELLANEOUS: -anodes, chemical process equipmaent, kettles, pans, printing rolls, rotating
bands, road bed expansion plates, vats i o

Common Fabrication Processes

Blanking, coining, coppersmithing, drawing, etching, forming and bending,
i heading and upsetting, hot forging and pressing, piercing and punching, roll
i i i threading and knurling, shearing, spinning, squeezing and swaging, stamping

Fabrication Properties

g‘:;‘ ;:Y Pf Being Cold Worked. . . .. evevsn...Bxeellent Suitability for being joined by:
: oy or Being Hot Formed . ............. Excellent Soldering......... e, Excellent
worgkc.abmty Rating (Forging Brass=100). .......... Brazimg.......... P e Good
M’mﬁ; “_}_E Temperature, . , .. ".1400-1750F or 750-950 C . Oxyacetylene Welding . . ...... Not Recommended
ﬁl»:himbgm Cmper‘ature ...... - .750-1200F or 400-650 C Gas Shielded ArcWelding . . ... .. ......... Fair
ty Rating (Free Cutting Brass=100) . ...... 20 . Coated Metal Arc Welding. . . .. .Nct Recommendad
) Spot...... . Not Recommended
Resistance Welding Seam, ..., .. Not Recommended
Butt ., ..... ... ..... Good

The volues listed abave rapresent recsonchle appraximations sultesble -fnrvae-nl;rtual‘:vl\qkirr;‘e:ri.r;n”l;;a: Due ta commercial variotions in compasition and
1o manufocturing limilations, they should not be vsed for specification purpases. Ses opplicable A.5.7.M. specificotion raferences.
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FLAT
PRODUCTS

COPPER Nos. 125, 127, 128, 129 and 130 (Contmued)

Forms and Tempers )
Most Commonly Used

Strip, Rolled
Strip, Drawn
Flat Wire, Rolled
Flat Wire, Drawn
Bar, Rolled

Bar, Drawn
Sheet

Plate

ROD

WIRE

TUBE

PIPE

SHAPES

Annesled Tempars Rolted or Drawn Tarnpan . Hot )
Finished y
-~ Tempeors
3 o
Nominal Grain Size mm 8 £
a3 -
I e 3
T E . @ -
= 5| = ¥ 5 E S lle g
i3 d.8 3 f9% Bzl
& o H o Q 5 o - =4 -
caommmifgtgguﬁgﬁgv.‘éflﬁ's
a M~ 1 MmN e~ Y @ =} g - - - ; = 8 - =3 ;
T8 88838356 FEFE &E S5 E T2 2

...................

..................................

---------------------------------

......... O A T REY IR TEEEY TIT Yy R S R
....... T R I e

[ PR f G i e e [ T PN f YO T
[T ‘e . Ve e N T . TR IR R .
........................ [ D I
------------------- LR R N B + - + 4 4 2 F + 2 s LI I LI I K
. B e P . N TR e ® )

1. DRAWN — GENERAL PURPOSE temper is used
for general purpose tube only, usually where there
is no real requirement for high strength or hardness on
the one hand or for bending qualities on the other.

2, HARD DRAWN temper i3 used
only where there is need for a tube
as hard or as strong as is commer

cially fensible for the size in question.

3. LIGHT DRAWN ~ BENDING temper is
used only where a tube of some stiffness, but
yet capnbie of readily being bent (or other-
wise moderately cold worked) is needed.

Mechanica! Properties Yisld Strength Elonga-
Tensile | {.5% Ext, tion Rockwell | Shear
Size : Strength | under Load)| (.2% Offsst}| in21n. | Hardness |Strength
Form Section Temper
in. ksi ksi ksi % F I B ]30-!' ksi
FLAT D40 in. | 025 mm. ;... 34.0 11.0 e e 45 45 - — 23.0
PRODUCTS Eighth Hard . ..... 36.0 280 34.0 30 60 10 25 25.0
Half Haed ....... 42,0 36.0 39.0 14 84 40 50 26.0
Hard............] 500 45.0 47.5 6 |9050 57| 28.0
Spring ......... 55.0 50.0 52.0 4 19460 63 29.0
Extra Spring ..... 57.0 53.0 54.0 4 |9562 64 29.0
As Hot Rolled 34.0 10.0 e 45 45 - - 230
ROD H1.0in, 050 mm. .... . 320 100 55 140 - - 22.0
Hard (35%}....... 48.0 44.0 16 (8747 - 27.0
As Hot Rolled. 320 10.0 55 140 - - 220
WIRE 080 in, 050mm ........ 35.0 e 35} - - - 24.0
Hard . ........ 55.0 e . L5 - - - 29.0
Spring ...... . 66.0 e L3 - - — 33.0
SHAPES S00in. [ 050 mm. ,.... ...] 320 10.0 50 140 - - 22.0
Hard (15%).......} 40.0 32.0 30 -35 - 26.0
As Hot Rolled, 32.0 10,0 50 40 - - 22.0
As Extruded ... ... 320 10.0 50 |40 -~ - 22.0
. E!on’gation in 10 inches ** Elongation in 60 inches

The values listed abov
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COPPER No. 142 (pHosPHORUS DEOXIDIZED, ARSENICAL)

Composition — percent

Nearest Applicable A S T M Specifications

Nominal § Minimum | Maximum e
T S Flat Products § Bll
Copper {incl. Silver) g 95.68 99.40 ceae Pipe
Arsenic 3 15 50 Rod B2
Phosphorus 02 015 040
Shapes
Tube B75,B111,B35%, B395, B447
Wire
i erties
Physical Prop English Units €. G. S. Units
o e L o e L I e ——_————= TR
Melting Point (Liquidus) 1978 F 1080 C
Melting Point {Solidus) F : C
Density 323 lbjcu in @68 F 8.94 gm fecucm @20 C.
Specific Gravity B.94 8.04 :

Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Thermal Conductivity

Electrical Resistivity (Annealed)
Electrical Conductivity* (Annealed)
Thermal Capacity (Specific Heat)
Modulus of Elasticity (Tension)
Modulus of Rigidity

*Volume Basis

per*F from 6B F to 212 F
per °F from 6B F to 392 F
0000098 per°F from 68 F to 572 F
112 Btufsq ft /it /hr °F @68 F
" 23 Ohms (circ mil /it ) @ 68 F
45 % JACS@68 F .
092 Btu/Ib°F @68 F
17,000,000 psi
6,400,000 psi

Typical Uses

per®C from20C to 100 C
per®C from 20C to 200C
0000177 per°C from 20C to 300C
463 cal /sq cm jem fsec PC@20C
3.82 Microchm-cm @20 C
.261 Megmho-cm ®&20C
092 calfgm /°C @20C
12,000 Kg /sqg mm
4,500 Kg fsg mm

Plates for locomotive fireboxes, staybolts, heat exchaﬁger and condenser tuber . -

Common Fabrication Processes

e

Drawing, forming and bending, heading and upseiting,
piercing and punching, roll threading and knurling, shearing

Fabrication Properties

Capacity for Being Cold Worked .. ..\ veveennn. Excellent Suitability for being joined by:
Capacity for Being Hot Formed ...........v... Excellent : Soldering. . . .. «vnvunan e e Excellent
Hot Forgeability Rating (Forging Hrass=100) -+« .cvn ... 65 Brazing .......0iiiiiiiieiiinanns Excellent
Hot qula:ing Temperature , .. .. 1400-1600 F or 750-875 C Oxyacetylene Welding ........ eeeeaanaa, Good
Annealing Temperature , ..,... 800-1200F or 425-650 C Gas Shielded Arc Welding. ....., v+ ... Excellent
Machinability Rating (Free Cutting Brass=100)......... 20 Coated Metal Arc Welding. ..... Not Recommended
: i Spot ........ Not Recommended
Resistunce Welding Seam........ Not Recommended
: Butt .........c.cc00aa, Good

The values listed abova represent ressenabls spproximations sultable fof gansrdl sagineeting usw. Due 10 tommercial vasiations in compasition and " e
1o manufasiuring limitations, they should not be vsed for specifieation purposes. See applicabla A.5,T.M. specification references.

{Continued on other side) =
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COPPER No. 142 (continued)

Forms and Tempers Rotled or Drawn Tempers

Annealed Tampars Hot )
Most Commonly Used Finished '
foan Tampars
i I 8
Nomingl Grain Size mm § E
-]
4 £k
X -~
w F| v B g E S L |3 1
i 83 8 o5 3§ £o g ils B
E £ & T 2 | @3 EBl& BlF
G4l 5 8 0 2 & L 5 8|« Els
sgpggelss(2 8z Bz e g|dait
e &8 aadd|g g FEFE FE S5 E 22 2ld
Strip, Rolled § -.... L 4. .....
Strip, Drawn f§ ..-....... Pesranaanaadn creaeaas LI T T T T T T T B
Flat Wire, Rolled ¥ ..-.......... D .. e
FLAT Flat Wire, Drawn § ............. NP R R e B I R
PRODUCTS Bar,Rolied g ... .oiuvriiin i deneraennan v r e essnen e b PRV P -
Bar, Drown § ......... I O devacan-
Sheet @ ...... arrat e iaaeas e [P .
Plate e derre e et i P [ PPN PO
ROD ................... .v1 ........... BE s e s h s e e I . [ IR R
WIRE D PPN RN A TN
TUBE} .....@--.-@-.-+. B Ceesaas P Y T TTTET R -
PIPE . Pran e ! T A )
SHAPES Y ........iiiiiiiiiiii )i N e e e S
1. DRAWN — GENERAL PURPOSE temper is used Z, HARD DRAWN temper is used 3. LIGHT DRAWN — BENDING temper is :
for general purpose tube only, usuaily where there only where there is need for a tube used only where a tube of some stiffness, but ;
is no real requirement for high strength or hardness on a3 hard or as strong as is commer- yet capuble of readily being bent {or other- :
the one hand or for bending qualities on the other, cinlly feasible for the size in question, wise moderately cold worked) is needed. :
Mechanical Properties Yield Strength Elonga- )
Tansile [ (5% Ext. tion Hockwalt | Shear Fatigus
Size Strangth | under Load}| (.29 Otfset}] IN2in. § Hardnesx | Strength Strength
Form Saction Temper -
Million
in. ksi ksi ksi % Elpglzor] W ksi l Cycles
FLAT
" PRODUCTS L040in.§ 050 mm........ . 32,0 10.0 . 45 40 ~ -~ | 220 . ..
TUBE 1.0in.0D O50mm.,...... . 32.0 10.0 R 45 140 - -1 220 11.0* 20
H x 065in.| 025 mm.,........ 340 11.0 . 45 45 - -~ 1 230 RN e
Light Drawn (15%). .1 40.0 32.0 cee 25 77 35 45) 260 140% 20
. Hard Drawn (40%), .| 55.0 50.0 . 8 95 60 63| 29.0 19.0* 20
PIPE 3 in. SPS| Hard (30%) ..... ..{ 50.0 45.0 10 j50 50 - | 28,0 .

*Rotating beam tesis on rod.

Tha values listad sbove repreisnt reasonoble approximations suitable for ganercl enpginesring use. Due to commarclial variatians In compasition and
izns, they should not ba vsad for specification purposes. Sae applicable A.5.T.M. spacificaticn references.
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COPPER No. 143 (cApMiUM COPPER, DEOXIDIZED)

cnmposition — percent
Nearest Applicable A S T M Specifications
Nominal [ Minimum | Maximum P R = T
. R =
: incl. Silver
Corpe e mium) .... | 99.90* )
Cadmium 0.07 .05 s
T * Deoxidized with small amonnts of lithijum
- or other sujtable elements as agreed upon.
] r H ies .
Physical Propert ' English Units C. G. §. Units
Melting Point (Liguidus) 1976 F 1080 C
Melting Point {Solidus) 1526 F 1052 C .
Density . 323 fbfeu in @68 F B.94 gm fcuem @20C.
P Specific Gravity 8.94 8.94
" Cgelficient of Thermal Expansion 0000094 per°F from 68 F to 212 F 0000170 per°C from 20C t0 100 C
Cocllicient of Thermal Expansion 0000096 per°F from 68 F to 392 F 0000173 per°C from 20 C to 200 C
" Coetficient of Thermal Expension .0000098 per*F from 68 F to 572 F 0000177 per°C from 20 C to 300 C
- ‘Thermal Conductivity 218 Btu /sq ft /it /v F @ 6B F 93 cal fsq cm fom fsec PC@20C
Electrical Resistivity (Annealed) - 10.8 Ohms (circ mil /ft @68 F . 1.0 Microhm-cm @20 C
$lectrical Conductivity* (Annealed) 96 %IACS@68 F : 557 Megmho-cm @20 C
Thermal Capacity (Specific Heat) 092 Biu f/Ib°F @68 F 092 cal fgm f°C @20 C
Modulus of Elasticity (Tension) 17,000,000 psi 12,000 Kg /sq mm
' Modulus of Rigidity .. | 6,400,000 psi 4,500 Kg /sg mm

Capaity for Being Cold Worked. ...... tvenn... Excellent
:‘M ty fOI’_BE'mg Hot Formed ..... Ceeneaen .. . Excellent
Pl bility Rating (Forging Brass = 100) .. ...-. .. 65

orking Temperature . . . . . 1400-1600 F or 750-875 C
: g Temperature , . . . .. . .1000-1400 F or 535750 C
bility Rating (Free Cutting Brass=100).........20
Softening Temperature ...... 675F or .....355 C

Typical Uses

volues lictad chove reprecent reosonable opproximotions sultoble for gnnlml lnuuinurlng_ use. Dua 1o commprelal variafions i comperltion and
to manufocturing limitations, they shauld not Be used for specilication purposss. See applicable A5.T.M, specification refarences.
. (Cantinued on other side) : : 41

Cooling fins for sutomotive and heavy duty radiators,
air conditioners, small motor commutators and elec- .
" trical terminals and connectors, Anneal resistant elec-
trical applications
Commaon Fabrication Processes

Forming and bending, piercing and punching, blanking and etching

Fabrication Properties

Suitability for being joined by;
Soldering ...................v..... Excellent
Brazing ..... iraedessiierersane.. Excellent
Oxyacetylene Welding .. ........ eereaa .. Good
Gas Shielded Arc Welding ............. Excellent
Coated Metal Arc Welding ..... Not Recommended
Spot........ Not Recommended
Resistance Welding Seam........ Not Recommended
‘{Butt........ v eieve.... Good




_Forms and Tempers

COPPER No. 143 {Continued)}

Rolled or Drawn Tumper;

Anneslod Tempers Hot
Most Commonly Used Finished
- Tempers
3 8
Nominal Grain Size mm 2 g
- 5 b=
3 -] c
g = @
= a g E g ¥ §_
- - B o El2
181F 38 ¢ £ % fis 3|:
3egsgelsE|8 5 < 8y fe oy oElfdld
8988 alg8| 5 6 2 E £ X &5 5 £ S)g 2|3

m

Strip, Rolled
Strip, Drawn
Flat Wire, Rolied
Flat Wire, Drawn
Bar, Rolled

Bar, Drawn
Sheet

Plate

ROD

WIRE

TUBE

FLAT
PRODUCTS

PIPE
SHAPES

----------

......................

.............

......................

.....................

.......................................

..............

.........................

-------

..............

............

—

1. BRAWN ~ GENERAL PURPOSE temper is used
for general purpose tube only, usually where there
is no real requirement for high strength or hardness on
the one hand or for bending qualities on the other,

2. HARD DRAWN temper is used
only where there is need for a tube
as hard or as strong as is commer-
cially feasible for the size in questian,

3. LIGHT DRAWN - BENDING temper is
used only where a tube of some stiffness, but
yet copable of readily being bent (or other-
wise moderately cold worked) is needed.

Mechanical Properties Yield Strangth Elonga-
: Tensile { {5% Ext. tion Rockwall Shear Fatigua
Strength | under Load} {.2% Offset)] in2in. | Hardness | Strength Strength
Million
ksi ksi ksi % F I B |3DT ksl ksi I Cycles
FLAT 0035 in Special Spring. .. ... 65.0 62.0 s 2 4= - =1].....
PRODUCTS 040 in O50mm ....,..... 32.0 10.0 . 45 |40 - -~ | 220
D25mm ......... 34.0 11.0 45 |45 - - | 230
Eighth Hard .. ... .. 38.0 30.0 . 30 160 10 251 25.0
Quarter Hard ...... | 40.0 320 25 70 25 36( 25.0 .
Half Hard . ........ 44.0 38.0 . 12 |86 42 513 260 . ..
Hard ............ 52.0 47.0 6 [91 51 57 28.0 . .
Spring ........... 58.0 54.0 4 |95 61 63| 29.0 . .
Extra Spring ...... 60.0 58.0 3 {96 63 64| 300

The values listed abave represent r
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i itable for general angineering use. Due te commarclal variations in compasition and
te manufacivring limitations, lh:y lhnu!d not be veed for specification purpases. Sex opplicable A.5.T.M. spacificatidn raferances.
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COPPER No. 145 (pHosPHORUS DEOXIDIZED, TELLURIUM BEARING)

.jmposition — percent
Mearest Applicable AS T M Specifications

Nominal } Minimum ] Maximum

R s
Copper § 9950 | ... .. L Flat Products B124,B301
Tellurium 50 A0 60 Pipe
Phosphorus* .008 004 £o12 Rod B124, B301
Cu+ Ag+ Te + P* 99.90 ’ Shapes B124, B283
Tube .
Wire
!

** This includes oxygen-free tellurivm copper which contains
phosphorus in an amount agreed upon.

*0Other deoxidizers may be used in which case phosphorus
need not be present.
Physical Properties

English Units C. G. S. Units
Melting Point (Liquidus) 1967 F 1075 C
Melting Point (Solidus} 1924 F 1051 ¢
. Density 323 b feu in @68 F 894 gmjcucm @20C,
: Specific Gravity 8.94 8.94
Coefficient of Thermal Expansion 0000095 per°F from68 F to 212 F 0000171 per°C from 20 CtolOOC
Coefficient of Thermal Expansion .0000097 per°F from 68 F to 392 F 0000174 per°C from 20C to 200 C
Coefficient of Thermal Expansion 0000099 per°F from68 F to 5§72 F 0000178 per”C from20C to 300C
Thermal Conductivity 205 Btu /fsq ft /ft /hr /F @ 68 F 85 cal &Sq cm fem fsec /°C @20 C
Electrical Resistivity (Annealed) - 11.2 Ohms (circ mil /ft )@ 68 F 1.86 Microhm-cmn @20 C
Electrical Conductivity* {Annealed) 93 %IACS@6GBF 538 Megmho-cm @ 20C
Thermal Capacity (Specific Heat) .092 Btu/lb°F @68 F 092 col fem /°C @20 C
Modulus of Elasticity (Tension) 17,000,000 psi 12,000 Kg /sq mm '
Modulus of Rigidity 6,400,000 psi - B . 4,500 Kg /sq mm
*Volume and Weight Basis Typical Uses

Forgings and screw machine products and parts requiring high con-
ductivity, extensive machining, corrosion resistance, copper color, ora
combination of these; electrical connectors, motor and switch paris,
plumbing fittings, soldering coppers, welding torch tips, transmtor hases A
~ and furnace brazed articles

Common Fabrication Processes

Vo Hot forging, machining and moderate cold heading -

Fabrication Properties i
Capacity for Being Cold Worked ..........c...... . Good Suitability for being joined by:
Capacity for Being Hot Formed .......... vevs.... Good Soldering. .....oovuvun.. e, Excellent I
Hot Forgeability Rating (Furgmg Brass = 100) .......... 65 Brazing ..,............. it eaaaae vee.. Good
Hot Working Temperatute, . ,, . .[400-1600F or 750-875 C Oxyacetylene Weldmg PO 41 ¢
Annealing Temperature , , , 800-1200F or 425650 C Gas Shielded Arc Welding.................. Fair
Machinability Rntmg (Free Cutting Brass =100}......... 85 . Coated Metal Arc Welding. .. .. Not Recommended
Spot ........ Not Recommended
Resistance Welding Seam........ Not Recommended

Butt. e sereneseareeana Fair

TI|| valun listed abave represent resanable approximations sultable for gansraf esglneering’ use. Dua o cnmmomul vuﬂu;l.am in :nmpnshlnn and 1
e ’ 1o munufudur:np limltotions, they shavld not be used for specification purposes. See opplicable A.5.T.M. spacification referances.

{Continued on other side) . ) . - 43 f




Farms and Tempers
Most Commonly Used

Strip, Rolled §
Strip, Drawn ¢ - -

COPPER No. 145 (continued)

Annealed Tampars

Nominal Grain Size mm

f70
Soft Anneal
Light Annaal

050
035
025
018

......................

Holled or Drawn Tnmpeﬁ Hot )
Finishad C7

Tamnars

Drawn — General Purpose (1)
Light Drewn — Bending {3)

Eighth Hard
Quarter Hard

Hatf Hard

‘Threa Quartar Hard
Hard Drawn {2)

As Hot Rolled

As Extruded

Extra Hard

Hard
Spring

.................................................

..................................

Flat wiI'E. Rolled # <+ +ccarenanviaranavasfoancsas Fh e rdr e ta s trr et rensatnearafrareaeafieinaa i
FLAT Fiat Wj_re. Drawn B +«cvccenerennnnisaneasfornnnnans Vv eer s senna F et b e e P
PRODUCTS Bar,Ralled f] +vrervrvrrnn i e i e [ N
Barl Drawn § «+c-+crieranranann tr v F B T T T O
Sheet @ ««rerervvinirnnrrnreasliean, frs s eneans B st br e a e I I
Plate l «crevvrevrareacacansas] e de e v e
ROD Y -« @& -@: - e R IEY EREEEE EE T TN O Y R
WIRE IREEREREEY SRR FEE IXE BREEE Wi T Y P
TUBE R «++ ccvriiriaranes N . teraeriae P I e XN
PIPEH -« -« s iiieisannnnnnfsonanainnss Prr e setrasna [ R ').:

.........

SHAPES }

1. DRAWN - GENERA] PURPOSE temper is used
for peneral purpose tube only, usually where there
is no real requirement for high strength or hardness on
the one hand or for bending qualities on the other,

2, HARD DRAWN temper is used
only where there is need for a tube
o5 hard or as strong as is commer
cially fensible for the size in question.

3, LIGHT DRAWN — BENDING temper is
used only where a tube of some stiffress, but
yet capable of readily being bent (or other-
wise moderately cold worked) is needed.

Mechanical Properties Yiald Strangth Elonga-
Tensile | (5% Ext. tion Rockwell | Shear Fatigus
Size Strength { undar Load)| (.2% Offset}} M2in. | Hardness |Strength Strangth
Form Section Temper ) -
Million
in, ksi ksi ki % F | B |30T ksi ksi | CVI:III
A
ROD 1.000in, | OS0mm...,...... 32.0 10,0 e 50 |40 = -~ 220 .... e
S00in, | 015 mm. ..... ... 33.0 11.0 46 [43 - - 220 .... .
Eighth Hard (6%)...} 38.0 30.0 e 26 - 36 44 25.0 .
250 in. | Half Hard (20%) ...] 43.0 40.0 . 18 ~ 43 - 260 .
500 in. | Half Hard (20%) ...} 43.0 40.0 ' 20 - 43 50 26.0
1.000 in, | Half Hard (20%) ...| 42.0 40.0 . 23 - 42 - 25.0
2.000 in. | Half Hard (15%) ...} 42.0 39.0 . 35 - 42 - 25.0 . .
250 in, | Hard (45%) ....... 53.0 49.0 RPN 10 - 54 - 29.0 FE
500in. | Hard (35%) ....... 48.0 44.0 . 15 - 48 - 27.0 N
1.000in, | Hard (35%) ....... 43.0 44,0 . 20 —~ 48 - 27.0
WIRE [ .080in. | .035mm.......... 330 | 110 . 40 |~ - -] 220 o)
Eighth Hard ... .... 38.0 30.0 . 20 - - - 250} ..., veee
Half Hard ....... 51.0 41.0 ve 6 - = - 27.0 e
Hard. .... ve 56.0 51.0 . 3 - - - 30.0 .
TUBE 1.0in.OD| 050 mm.......... 32.0 10,0 . 40 40 ~ - 220 .
x .065 in, | Light Drawn (15%) . | 40.0 32.0 20 - 35 - 24.0 .

The voluas listed above raprasent racienable approximations suilobls for genaral anginearing use, Due 1o commercal vesiations in composition and
to manw{octuring Yimitations, they thould not ba used tor specitication purposes. Ses applicable A.5.T.M. spucliicaticn refarsnces,
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COPPER No. 147 (suLFuR BEARING)

Composition — percent
Nearest Applicable A S T M Specifications

Nominal | Minimum | Maximum

= ‘ Flat Products B30l
Copper § 99.4 caa e Pipe
Sulfur 40 20 50 Rod B301
Cu+ Ag + 8* caes 99.90 v Shapes
Tube
Wire

*Oxygen-free or deoxidized grades with agreed
upon deoxidizers (such as phosphorus, boron,
lithium or others) are available when so ordered,

Physical Properties

English Units C. G. S. Units
o
Melting Point {Liquidus) 1969 F 1078 C
Melting Point {Solidus) 1953 F 1067 C
Density 323 Ib/eu in @68 F 8.94 gmfeuecm @20C,
Specific Gravity 8.94 8.94 : .
Coefficient of Thermal Expansion 0000094 per®F from 68 F to 212 F 0000170 per°C from20C to 100 C
Coefficient of Thermal Expansion 0000096 per®F from 68 F to 392 F 0000173 per*C from2I0C to200C
Coefficient of Thermal Expansion 0000098 per°F from 68 F to 572 F 0000177 per°C from 20 C to 300C
Thermal Conductivity . 216 Btu fsq ft [ft /hr JF @ 68 F .89 cal fsq cm fcm fsec FC @20 C
Electrical Resistivity (Annealed) 10.9 Ohms (circ mil /it )@ 68 F 1.81 Microhm<cm @320 C i
Electrical Conductivity* (Annealed) "~ 95 BIACS@6BF .551 Megmho-cm @120 C
Thermal Capacity {Specific Heat) 092 Btu/lb°F @68 F 092 cal fpm /°C @20 C
Modulus of Elasticity (Tension) 17,000,000 psi - 12,000 Kg fsqg mm
Modulus of Rigidity  © § 6,400,000 psi - . 4,500 Kg/sq mm

*Volume and weight basis

Typical Uses
Screw machine products and parts requiring high conductivity, extensive machining, corrosion
resistance, copper color or a combination of these; electrical connectors, motor and switch -

components, plumbing fittings, cold headed and mnchmed parts, cold forgings, futnace brazed
articles, screws, soldering coppers, rivets and welding torch tips B

Common Fabrication Processes

Hot: extrusion, rolling, forging
Cold: drawing, roiling, machining and swaging

Fabrication Properties

Capacity for Being Cold Worked. .. ....... vevess...Cood Suitability for being joined by: . ) :
Capacity for Being Hot Formed .. ...... vveeve..Excellent Soldering. oo v iiin i i Excellent
Hot Forgeability Rating (Forging Brass =100}, ............ Brazing ...........c0iiiiannnn v+... Excellent
Hot Working Temperature, ., ... 1400-1600 F or 750-875 C Oxyacetylene Welding . .. .. .. . - Not Recommended
Annealing Temperature, . ....... BOO-1200 F or 425650 C _ Gas Shielded Arc Welding ..... Not Recommended
- Machinability Rating (Fren Cutting Brass= 100)......... 85 ’ Coated Metal Arc Welding ..... Not Recommended
Spot........ Not Recommended
Resistance Welding Seam........ Not Recommended
Butf ..vviiiinieniianaan - Good

The values listed obove represent reasonchle appraximations sultable for general angineering use. Due to commercial vurln!mm in cnmpmi!wn and
lo manufacturing limitstions. they should not be uced for lpm:ll'i:slinn purposes, Sas applicoble A.5.T.M. specification references.. .
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Forms and Tempers

COPPER No. 147 (continued)

Annealed Tempars Ralled or Drawn Tempars Hot
Most Commonly Used F Finished
fars Tampars
r )
Nominal Grain Size mm 2 B
=1 a
E < i
€= B~
™ @ [ 1
- ¥ 2 g S ¢ g3 :
§ 3/ F _F ¢ B & g 5|s 3|E
£ B} £ e 32 S} it B EB|E 3|+
g3 8 £ ¢ T d ¢ 8 8l Elg
seggeelsg)2 5= 8y &2zl dlf
RS 8885|855 & 3 FE FE &5 S5 2 %|g 2|8
_—_——u—m——p_
Strip, Rolled § -+ -+ - -- Ceetaaaa P T DR Joernnnn
Strip, Drawn Sreiean P f et . P R
Flat Wire' Rolled §.+...- tesasans s T TR TR babtabasartatarsrancanafenanae AR
FLAT Flat wg[c, Drawn B -« c«-rvvrererirnnnvneadeeieeanns P a s e e s R TR E LT T
PRODUCTS Har, Rolled beea e betasaarraraaa Cr et e et s et At P
Bar,Drawn § .---.... e TR PP .
Sheet -+ unuenn . Pat e dar e P et s et st v dia e iade e
Plate g -+« «crcvvvcnanernnn .. et E e te e e a e Prar e I I drensvna
RODJ.----.- [ I IEREEEEn B I EEREEE Y T . vevedanaae, .
WIRER...... e RPN [RPI. B D ! S T
TUBE R+« v, DR I Y IR Y CEET T
PIPEY-.... e Cevnes  EEEEE P (T
SHAPESE - - cvvvevnnins . R I . PR Vet e I P

1. DRAWN — GENERAL PURPOSE temper is used
for general purpose iube only, usually where there
is no real requirement for high strength or hardness on
the ane hand or for bending qualities on the other.

2. HARD DRAWN temper is used
only where there iz need for a tube
as hard or as strong as is commer-
cially feasible for the size in question,

3. LIGHT DRAWN - BENDING temper is
used only where a tube of some stiffness, but
yet capable of readily being bent (or other-
wise moderately cold worked) is needed.

Mechanical Properties Yield Strangth Elongs-
Tensile | {5% Ext. tion Rockwell Shaar Fatigua
Siza Strangth | under Load}| {.2% Offset}{ in2in. § Hardness ] Strangth Strength
Form Section Tampar -
Million
in, fesi ksi ki % F{alsor ksi hesi Cycles
ROD ,500in, | .050mm ....... . 320 10.0 52 40 - ~ ] 220 .
O1Smm ......... 33.0 11.0 50 43 - -] 220
Eighth Hard (6%}. .. 38.0 30.0 ‘. 26 - 36 44| 250 . .
Half Hard (20%). .. 43.0 40.0 20 - 43 50| 26.0
250 in. | Hard (36%)........ 48.0 44.0 10 - 45 - | 270 .
5000, |[Hard 35%)........ 43.0 44.0 12 - 438 -1 270 .
1.000 in, | Hard (29%). .. ..... 46.0 43.0 . 11 - 46 -1 270 .
1.625in. [ Hard (25%)........ 42.0 38.0 N 20 - - =~ 1260 .
1.750in, | Hard (24%)........ 40.0 36.0 i5 - - = 1250
.375 in. | Extra Hard (56%). .. 57.0 55.0 8 - - - {290 . ¢

The volues listed above repressnt regsonoble approximations suitable for ganeral anginesaring use. Due to commarcial variations in composition and
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COPPER No. 150 (zirconium corper)

Composition — percent

Nearest Applicable A S T M Specifications
Namtinal | Minimum | Maximum
Copper (incl. Silver} | ...... 9980 | ......
Zirconium I5 .10 .20
ical Properties '
Physi P ! English Units €. G. . Units
AT o]
Melting Point {Liquidus) 1876 F ' i080 ¢
Melting Point (Solidus) 1796 F 980 C
Density 32t Ibfcu in @68 F 8.89 gm fcu cm @20 C
Specific Gravity .8.89 8.89
Coefficient of Thermal Expansion 0000094 per°F from68 F to 212 F 0000163 per*C frurn 20Ctold0C
Coefficient of Thermal Expansion 000098 per°F from68 F to 572 F .0000180 per*C from20C tc 300 C
Coefficient of Thermal Expansion 0000112 per°F from 68 F to1200F .0000201 per°C from 20 C to 650 2
Thermal Conductivity 212 Btu /sq ft /it fhr /°F @ 6B F 876 cal fsgcm Jem fsec PC @20 C
Electrical Resistivity (Annealed) ; 11.2 Ohms (circ mil /it )@ 6B F 1.86 Microchm-cm @ 20 C
Electrical Conductivity* {Annealed) 93 %JACS@68 F - .538 Megmho-cm @20C
Thermal Capacity {Specific Heat) 062 Btu /lb°F @ 68 F 7 092 cal fpmm f°C @20 C
Modulus of Elasticity (Tension) 18,700,000 psi ' 13,000 Kg /sq mm
Modulus of Rigidity- - - psi e . . Kg/sq mm .

*Solution Annealed, B4% cold worked and aged _ _
**After precipitation heat treatment .
#**Volume Basis Typical Uses | :
Electrical: Switches, circuit breakers where
high temperatures exist, commutators, stud
bases. for power transmitters and rectifiers, sol-

dering-welding tips
Common Fabrication Processes
Machining, swaging, bending, heading, hot forging
N - Fabrication Properties
Capacity for Being Cold Worked

...... . .. Excellent Suitability for being joined by
Capacity for Being Hot Formed .. ........ .. . Excellent : - Soldefing. . .......... P e, v... Excellent
Hot Forgeability Rating (Forging Brass = IOO) ________ - Brazing ... S ee e Good
Hot Working Temperature , , .. 1650-1740F or 500950 C Oxyacetylene Weldlng ........ Not Recommended
***s Annealing Temperature .. F or C Gas Shielded Arc Welding . ... Not Recommended
Machinability Rating (Free Cuttmg Bross=100). . ,.....20 - Coai ed Metal Arc Weldmg . ... Not Recommended
- . Spot. . . Not Recommended
t.-tR Ag]n .
ecommended Sulugon Annmg Iand g Cycles ) Resistance Welding Seam ..... . Not Recommended
‘ Butt ................ Good
_ D . Solution Treating = Time -~ Aging =~ Time "7
Solution Heat Treated and Aged 900925 C 530 min. 500550 C . 14 hrs. ©
Solution Heat Treated, Cold Worked ) R R
and Aged 900-925 C 530 min. 375475C 14 hrms. . |

The vnluu Iulud n!mvn represent rensuna‘:!e nppruximntlons iuhnbh for gnnnrnl enginsering uss. Due 1o :nmmen:ml vnriulinm in mmpunlinn and
13 manufacturing limitations, they should not be used for specification purpases. See cpplicable A,5.7.M. specification references.
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COPPER No. 150 (Continued)}

Forms and Tempers Annsaisd Tempers Rollad or Drawn Tempers Hot
Most Commonly Used Finished
Tampars
P )
Nominal Grain Size mm 3 3 'gg -gE 3
P53, BT BT I+
- F8 FE K4 (= s
3 B| £ 32 23 3% 2 ¢ 5% |5 Bfs
£ g e g2 & 88§ c® £ cg§ £ s |
< o 2 28 £5 235 28 & <5 |3 §|%
s eguwgele B 3 55 32 52 53 2 I3 :\’-w;
=8 88q943al83 & 8 38 338 3t £ E§ |2 @
e T - S e e T
St[ip. Rolled B+ v oo eveennnan . I R T T F T O
Strip, Drawn - - -+« LI P Ve e ) PR Pr e
Flat Wire, Rolled B« -+ - -ccv v ivun oo T N L T [
FLAT Flat Wire, DrBWn [« c « c o - = v st tv e s tvna]vmerneonnnsnsnssesasenseenns P Y
PRODUCTS Bar, Rolled T T . O P e PR
Bar, Drawn Py . . t ot r et e e et e s an e PR [ . Y T
Sheet F -« v v v et errareranansleeranraannerinren e e e e s R . . . . e
Plate g -+ -+ PR T T [ L I ‘e
RODE....... R R P T Y " R, ...8... ..
WIRER.. ... et B TR TN TN PRI TN S SRR | e
o1yl S S SR §
1 ol S O . NN R ..
SHAPES &..-.... e R e R . e N P

1. DRAWN — GENERAL PURPOSE temper is used
for genetal purpose tube only, usunlly where there
is no real requirement for high strength or hardness on
the one hond or for bending qualities on the other,

2. HARD DRAWN temper is used
only where there is need for o tube
as hard or as strong as is commer-
cially feasible for the size in question,

3, LIGHT DRAWN - BENDING temper is
used only whete a tube of some stiffness, but
yet capable of readily being bent (or other-
wise moderately cold worked) is needed.

Mechanical Properties Yiald Strangth Elonga-
Tensile | (5% Ext. tion Raockwaely | Shear Fatigue
Siza Strength | undar Load)| 1.2% Offset)| in2in. | Hardness | Strength Strangth
Farm -~
Million
131} ksi ksi % F I B lsuT ksi besi | Cyclu
After Solu-
tion Heat After
Troatment Aging
% Reduction
ROD 375 in. 80 44 68.0 64.0 . i1 - 72 - . - .
500 in. 56 47 67.0 63.0 - 15 |- 72 -1}... .- e
625 in, 61 31 64.0 62.0 . 15 - 72 -1... . . .
750 in, 50 34 63.0 61.0 .. 15 - e =], . . .
B75 in, 48 52 62.0 60.0 . 15 N . . N
1,000 in. | 48 47 620 | 600 e 15 f- - -1.. . ceee )
1.250 in, 32 17 60.0 58.0 AN g8 - - ~1.. . e
204 in, - 16 62.0 56.0 B |- - —-|. . .
250 in. |Mill Annecaled and 41.0 36.0 34 |- - - 1.. . .
Cold Worked (10%)
WIRE g .040 in. }Solution Heat 76.0 720 15)- - - . .
Treated, Cold
Worked 98%. and
Aged .
090 in, |Solution Heat 72.0 68.0 e 3 |- - - . .
Treated, Cold
Worked 92% and .
Aged .
Sclution Heat Treated| 29.0 6.0 54 (- ~ - }... .. ..
Solution Heat Treated) 30.0 13.0 49 |- - - . . ..
and Aged
250 in. |Mili Annealed 370 | 110 - 50 |40 - - - e e
(.025 mm)
500 in, [Mill Annealed and 530 430 . 23 90 - - . .
Cold Worked (30%)

‘The values listed cbove reprasent recsonoble approximations sultable for ganaral snginssring vas. Dua to sommarelal variations In composition and
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COPPER No. 155

Composition — percent

Nearest Applicable AS T M Specifications
Nominal | Minimum | Maximum a2t
= |
Copper (incl. Silver) | ..... 9975 |......
Siiver | ..... D278y .10(30)*
Phosphorus 06 040 080
Magnesium 11 10 12
*Figure in parentheses is troy ounces
per avoirdupois ton.
Physical Properties _ ’
English Units C. G. S, Units
s = e it |
Melting Point (Liquidus) 1980 F e 1080 C
Melting Point (Solidus) 1972 F 1078 C -
Density 322 Ibjcu in @68 F 891 gm fcuem @20 C,
: ' Specific Gravity 8.91 o 8.1
Ccefﬁcu:nt of Thermal Expansion 0000098 per°F from 68 F to 212 F 0000177 per®C from20C to 100 C
Coefficient of Thermal Expansion per°F from 68 F to 392 F per®*C from20C to 200 C
Cocfficwnt of Thermal Expansion per°F from 68 F to 572 F per®C from 20 C to 300C
Thermal Conductivity . 200 Btu/sq ft /it /br /F @ 68 F .83 cal /sq cm fcm fsec [PC @20 C
Electrical Resistivity {Annealed) - 11.5 Ohms (circ mil /fft }@ 68 F 1.92 Microhm-cm @20C
Electrical Conductivity* (Annealed) 90 %IACS@68F .522 Megmho-cm @20C
Thermal Capacity {Specific Heat) .92 Btu flb°F @ 68 F 092 cal fgm f°C @20 C
Modulus of Elasticity (Tension). 17,000,000 psi : 12,000 Kg /sq mm
. Modulus of Rigidity’ I 6,400,000 psi - 7 - o 4,500 Kg /sq mm
* Volume Basis after precipitation htf.at treatment ' Typical USES_ | | '
Hiéh conductivity light duty springs', electrical
contacts, resistance welding electrodes, electrical .
fittings, clnmps connectors, dxaphragrns eIectmnic :
components
Common Fabrication Processes
Blanking, drawing, etching, forming, bending, shearing, spinning, machining
i . , _ Fabrication Properties
Capacity for Being Cold Worked. .... e .. Excellent Suitability for being joined by: S
Capacity for Being Hot Formed ....... +iewwvi., Excellent Soldering. . o vvvierrernrnnans e Excellent
Hot Forgeability Rating (Forging Brass=100}........... 65 Brazing .......... st Excellent
Hot Wu_rking Temperature. .. ...1400-1600 F or 750-875 (C Oxyacetylene Weldmg. vvvs.... Not Recommended
Anne:ahng '}‘emp:{ature vedew. 900-1000 F or 485-540 . . . Gas Shiclded Arc Welding...... Not Recommended
Machinability Rating (Free Cutting Brass=100)......... 20 : Coated Metal Arc Welding. .. ... Not Recommended
- o oo Spot ...... Chrtaear e Good
Resistance Welding Seam........ Not Recommended
g Butt ........ Not Recommended
The values listed abova rlpr.nnnr regionable upprnxi;nuflnm suitakle for n.ln.ml anginesring vie. Due to relal varjati in ition ond

: to mnnufuc!urinn Iimliullnns. Ihuy |hnu!d no! be used for specifieation purpesn See upplimbll A, S T.M. spacification refarances,

. {Continued on adurndl) o o . : . ' 49




COPPER No. 155 (continued)

Forms and Tempérs' o Annsaled Tempars Rolled or Drmwn Tampars -5 5“1 Hot

Most Commonly Used Finishad ) )
fo FTempers :
3 8
Nominal Grain Size mm g. £z
] & B
E: E a
= - 5 e 8§ 1]y i
P El2 F . F ¢ £ g 5|z BE
£ 1 2 E 3 1 B Bl B |e
g <l 8 £ ¢ : 3 e 6 8[|« E1E
seg8gelsE 2§53 By fsfzoziEodld
28888 a{§3|& & F £ 2 & FEE E S(e 2(8
Strip'Roued ................... [ R ' EE REERE BRI R I IEEEREEE R TR L@
StripIDrawn ..... L R I T T T T LT T T T T T T T
Flat Wire’ Rolled  --++-ccevuerann R N N TS |. [
FLAT Flat Wire’ Drawn f @ «-ccrev v risrvafinassss, S S
PRODUCTS Bar, Rolled | ««-vvvvvvnnmuenians S R O R S
Bar, Drawn f§ -~ covvnn D o
Sheet | «+--vvmivmecinnennn ®-|--- 2 @ - R IEE EXI DERICRINDIPINPINDY SRR [. ......
Plate § ---«--.--.. fareeean - L R R I S R R PR Y TN
RODE «+-crvvvrmnnmennnannnsbviacina i, e
WIREE - o i e it iiein ettt et it i e N U \
TUBEE -.-.-- 2 U S AR
PIPER ++:«+covvrirncnnnanancchiiiinnnaanais e .
SHAPES i ................................................................... TR )
1. DRAWN - GENERAL PURPOSE temper is used 2, HARD DRAWN temper is used 3. LIGHT DRAWN - BENDING temper is
for general purpose tube only, usually where there only where there is need for a tube used only where a tube of some stiffness, but
is no real requirement for high strength or hardness on as hard or as strong as is commer- yet capuble of readily being bent (or other-
the one hand or for bending qualities on the other. cinlly feasible for the size in question. wise moderately coid worked) is needed.
Mechanical Properties Yiald Strength Elongs-
Tonsila {.5% Ext. tion Rockwall Shear Fatigue
Size Strangth | under Load}| {.2% Offsat}] in2in. | Hardness |Strength Strength
Form Saction Temper .
Million
in. ksi ksi ksi % F I B |30T ksi ksi l Cvclal
O S, g
FLAT .040in. | Light Anneal ..... 40.0 18.0 17.8 34 0 - -] ... 15.0 100
PRODUCTS Quarter Hard-. . ... 45.0 36.0 35.8 25 89 = ). caen e
Half Hard:» -0+ -} 33.0 47.0 47.0 13 92 - —-] .
Hard ««-vvn- ... 620 57.0 57.2 5 97 - -1} . 23.5 100
Spring, . ......... 67.0 65.0 67.0 4 100 - =] . 225 100
Extra Spring ..... 2.0 68.0 71.0 3 - 80 -] . e v
Super Spring ..... 75.0 70.0 73.0 3 - 82 -7 ..., e P
Special Spring. .. .. 80.0 72.0 75.0 3 - B4 -] ... e e
200 in. Light Anneal ..... 40.0 18.0 i7.7 40 70 - =1 ... e e
Quarter Hard . . . .. 45.0 36.0 35.7 28 B9 - -1 .... e

The values listed abave represant reasonable approximations svitable for general enginsering use. Dus 1o commarcial vurlul(nnl in composition and
50 to manufaciveing limitatlons, they should not be used tor specification purposss, See appllcabie A.5.T.M. sp ign raferences,




COPPER ALLOY No. 162 (caomum corpER)

~omposition — percent

Nearest Applicable A S T M Specifications
Nominal | Minimum | Maximum S
[ i
Copper 99.0 . Cee . Flat Products
Cadmium 1.0 i 1.2 . Pipe
Iron e e 02
CutAg+Cd+Fe § .... | 99.8 Rad
Shapes
Tube
Wire Bi05
Physical Properties :
Engtish Units C. G. S. Units
i e =
Melting Point (Liguidus) 1969 F 1076 ¢
Melting Point (Solidus) 1886 F 1030 ¢
Density 321 Ibjcu in @68 F 8.89 gm jfcucm @20C.
Specific Gravity 8.89 8.89 -
Coefficient of Thermal Expansion .0000094 per °F from 68 F to 212 F 0000170 per°C from20C to 100 C
Coefficient of Thermal Expansion .0000096 per°F from 68 F to 392 F 0000173 per®C from20C to200C
Coefficient of Thermal Expansion 0000098 per°F from 68 F to 572 F .0000177 per®°C from 20 C to 300 C
Thermal Conductivity 208 Btu/sq ft/ft /hr F @ 68 F .86 cal fsq cm fem fsec fFC@20C
Electrical Resistivity {(Annealed) 11.5 Ohms (circ mil /it )@ 68 F 1.82 Microhm-<m @ 20 C
Electrical Conductivity*® (Annealed) : 90 %IACS@68F 522 Megmho-cm @20 C
Thermal Capacity (Specific Heat) .09 B /lb°F @68 F ‘ 09 cal fgm /°C @20C
Modulus of Elasticity {Tension) 17,000,000 psi 12,000 Kg feg mm .
Modulus of Rigidity 6,400,000 psi | ) - 4,500 Kg /sg mm’
. : fi '
Volume Basis ‘ Typical Uses
Electrical: Trolley wire, heating pad, electric blanket
elements, spring contacts, railbands, high strength trans-
mission lmes connectors, cable wrap, switch gear com- )
ponents and waveguide cavities TN
Common Fabrication Processes
Drawing, forming and bending, etching, heading and upsetting, hot forging, piercing, and punching
Fahr:cat:on Properties
Capacity for Being Cold Worked........... . Excellent | Sultablhty for being joined by: .
Capacity for Being Hot Formed ................... Good Soldering. ..........cvvvvnn.s freaes Excellent
Hot F orggabiﬁty Rating (Forging Brass=100) ... ......... : Brazing .........civceninnnniannnn Excellent
Hot Wc!rkmg Temperature, . ... 1400-1600F or 750-875 Oxysacetylene Welding. .. ......oovivninans Good
Anne.:almg. '.l"emper_ature e 800-1400F or 425-750 C Gas Shielded ArcWelding . . .....ovvevvuns, Good
Machinability Rating (Free Cutting Brass=100) ....... . 20 Coated Metal Arc Welding. .. ... Not Recommended

i Spot ........ Not Recommended
- Resistance Welding Seam........ Not Recommended
Butt ............0v..... Good

hi imori luhuhh for general anpinesring vss. Due 1o commertial variations In compasition und

_The values listed obove represent reas

“to manufn:lurlng limitaticns, they xhnuld not be used for spacification purpoies. See applicoble A.5.T.M. specification rafarences.
. (Conlinued on other side) ) o ) o ) ' 51




COPPER ALLOY No. 162 (Continued) -

Forms and Tempers Anneated Tompers Rolled or Drawn Tempors Hat )
Most Commonly Used Finished -
= Tampars
g C
Nominal Grain Size mm g £
5 3
3 = g
T B o O g
- 5 8 g © | B 2
- - o 1 -
5 3| & § B £ 6 § B|5 BIlE
e E| £ = 1 8 B 3w
g9l 8 § © 2 & c 0 O|= Els
2 o a im0 ]2 £ - 8 x g B 8 £ 5 =212 &%
SRR B Q¥ &5 5 2 ¥ £ E £ i B T % i
~=agqocaaldd3|liad ada 2 £ 2 & &' d 6 £ F1a 1

Strip, Rolled § .-........4 P PN R TN W PRSP I e
Strip, Drawn ff - -+ ... N D I
Flat Wire, Rolled § ......... e G
FLAT Flat Wire, DIawR | -+« v cvvvernnronens B rr et e an e et eaaaae e P R
PRODUCTS Bar,Rolled B -« .o viinn i ieinndi i it i s sannsstanannsnnaens P H PP .
Bar, Drawn § ...... e D e era e, et PR P
11 = - T R P H N . .
Plate beatsnane [P e
RODJ ...... D B P
WIRER ... aud 8. ... R P T N VROV A A
TUBEY .......... . e -
PIPER ....... h e, B P e e e et P )
SHAPES { ..........
1. DRAWN — GENERAL PURPOSE temper is used 2. HARD DRAWN temper is used 3. LIGHT DRAWN — BENDING temper is
for general purpose tube only, usually where there only where there is need for a tube used only where a tube of some stiffness, but
is no reul requirement for high strength or hardness on as hard or as strong as is commer- yet capable of readily being bent {or other-
the one hand or for bending qualitics on the other. cially feasible for the size in question, wise moderately cold worked) is needed.
Mechanical Properties Yiald Strangth Elonga-
! Tonsile | (5% Ext. tion Rockwell | Shear Fatigun
' Size Strangth | under Load)]| (.2% Offsat}| N2 in. | Hardness | Strength Strength
Form Saction - Tempar '
Million
in. ki ksi ksi % ki ksi Cyclas
FLAT 040in, | 025mm ........ 35.0 it1.0 52 54 - -
PRODUCTS Hard............ 60.0 45.0 e 5 - 64 - . e e
Spring. .......... 64.0 3 - 73 =
Exira Spring. ..... 72.0 59.0 1 - 15 -
ROD S500in.] 050mm, ........ 35.0 7.0 6.8 56 {46 - -~ 27.0 14.5 100
D25mm........ . 36.0 12.0 57 |46 - -
Half Hard (25%). .. 58,0 45.0 12 - 65 -~
Hard............ 73.0 68.7 70.0 9 - 13 - 56.0 300 100 .
WIRE .080in,} 025 mm,........ 38.0 12.0 50 - - = J
Hard ........... 70.0 55.0 6 - - - .
Spring .......... 80.0 66.0 2 - - - vean
Drawn ( > 96%) | 88.0 | .... (1, (RSO N TR
010in,{ Drawn{ > 99%) ]100.0 109- = = .... | ....
*Elongation in 60 inches,

The values listed obove rapresent recsanable approsimations switable for ganeral engineering use. Dus Yo ial variations in compasitien and

52 to manufociuring limitotlons, thay shavld not ba vied for specification purposes. Swe opplicable A.5.T.M. specificoridn raferences,




COPPER ALLOY No. 165

i
i

3
;

Composition — percent

Nearest Applicable A ST M Specifications
Nominal | Minimum | Maximum
S Bt o
Flat Products
Copper 98.6 P cees .
Cadmium B 6 | 10 Pipe | :
Iron .02 ] Rod _ i
Tin 6 .50 A ;
Cu+Ag+Cd+Sn+Fe | .... 99.8 Shapes
Tube
Wire B105 . |
Physical Properties ' -
English Units C. G. S. Units
v
Melting Point {(Liquidus) 1958 F 1070 C
Melting Point (Solidus) F C ‘
Density G321 b jen in @8 F B.89 gm fcucm @ 20.C.
Specific Gravity B.89 8.89

Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Thermal Conductivity

Electrical Resistivity {Annealed)
Electrical Conductivity* {Annealed)
Thermal Capacity (Specific Heat)
Modulus of Elasticity (Tension}
Modulus of Rigidity

" * Volume Basis

per®F from 68 F to 212 F

per®F from 68 F {0 392 F

0000098 per°F from 68 F to 572 F

146 Btu /sq ft /it /[br 'F @ 68 F

17.29 Qhims (circ mil /ft )@ 68 F

60 R IACS@68 F
.09 Bin /lb°F @68 F

17,000,000 psi
psi

'Typical Uses.

L0000177

.60
2.87
348

- .09
12,000

per°C from 20 C to 100 C
per®C from20C to200C
per°C from20C to 300C
cal fsg cm fem fsec ffC @20 C
Microhm-cm @ 20 C
Megmho-cm @ 20 C

cal fjgm /°C @20 C

Kg jsg mm )

Kg /sq mm

Electrical spriﬁgs and contacts, trolley wire, clips, flat cable, resistance welding electrodes

Common Fabrication Processes

-

Drawing, forming and bending, etching, heading and upsetting, hot forging, piercing and punching

Fabrication Properties

Capacity for Being Cold Worked. ............... Excellunt Suitability for being joined by: . :
Cuapacity forBeing Hot Formed ... ......ccvnevinnn Good Soldering ...... e e ‘Excelent
Hot Forgeability Rating {Forging Brass =100} . ..vovvvvnn Brazing .....cviiiiiiiiiiiiaiaiin Excellent
Hot Working Temperature ..... 1425-1600 F or 775-875 C Oxygcetylene WQIding _________ Not Recommended
Annealing Tempersture ...... 800-1450 F or425-800 ¢ Gas Shielded Arc Welding. - .+ vovvvsvnen.. .. Fair
Machinability Rating (Free Cutting Brass=100) . ....... 20 Coated Metal Arc Welding .. ... Not Recommended
Spot........ Not Recommended
Resistance Welding Seam ....... Not Recommended

The volues listed above represent 7

opproxi

Butt ......n0.. e Excellent

witohle for general engineering use. Dua 1o commerzinl voriatians in composition and

to menufacturing limitations, they should not be vied for specificotion purpases. See applitoble A.5.7.M. specification references.

{Continued on Géh:r side)
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COPPER ALLOY No. 165 (Continued) . __

Forms and Tempers l Anngaled Tempers Roiled or Drawn Tempars Haot

Most Commonly Used Finished
Tempars

Nominal Grain Size mm

Soft Anneal

Light Annea|

Eighth Hard

Quarter Hard

Half Hard

Three Quarter Hard

Extra Hard

Extra Spring

Drawn — General Purpase (1)
Hard Drawn (2)

Light Drawn — Bending (3)
As Hot Rolled

As Extruded

Special Tempers

Strip, Rolled B .-« o oo e e IR S T [ .
Strip, Drawn f} --.......... O AP A '
Fiat Wire, Rolled § ........... O T I .
FLAT Flat Wire, Drawn § . ....... ... v o O S T P
PRODUCTS & 75T s T A Y
Bar,Drawn g .. ..o iveaaan, P R R TR TR T EYY PR P .
Sheet f .........ovialut S PP
3 =T Y P
RODY ..... S O .
WIRE .. i i e et tnctane e [ VR DY T
TUBE Y ... e P e
PIPEN --vnnn.. O RSN N FEDUDRE MO
SHAPES R .......... e T I
i, DRAWN - GENERAL PURPOSE temper is used 2. HARD DRAWN temper is used 3. LIGHT DRAWN — BENDMMG temper is
for general purpose tube only, usually where there only where there is need for a tube used only where a tube of some stiffness, but
is no reul requirement for high strengih or hardness on as hard or as strong as is commer- yet capoble of readily being bent {or other-
the one hund or for bending qualities on the other. ciglly feasible for the size in question, wise moderately cold worked) is needed.
Mechanical Properties Yiold Strangth Elongs- |
Tensile (5% Ext. tion Rockwali Shear Fatigua
Size Strangth | under Load}] (.2% Offsot}] D 2in. | Hardness | Strength Strength
Farm Saction Tamper
. Million
in. ki ksi ksi % F I B !331- ksi ksi Cyclas
E—— —————r
FLAT 040 in, Hard............. 66.0 A T 5 - 79 -1,
PRODUCTS ExtraHard........ 69.0 655 | ..... 2 - = &7 .
: Spring ........... 73.0 660 | ..... 2 - - 72
Extra Spring ...... 76.0 60.0 | ..... 15]- - 73 R R
ROD 500 in. O050mm ......... 40.0 14,0 13.0 53 62 — -1 .... 200 100
Hard (35%)........ 65.0 550 } ..... 15 - 75 ~]....
Extra Hard (67%) .. 71.0 71.3 73.0 9 - T8 -1 ... 31.0 100 )
|
{
WIRE .080 in. O25mm.......... 420 R - - - - .
Herd ............ 95.0 R - - - -
BRAWN BAR 1-1/2 XBJBI Hard ............ 56.0 320 ) ... 23 - 60 -

; The volyes listad abave rapresant reasonable approximolions suitable for genaral anginesring use. Due to commarcial variations in compesition and
: 54 1a menufacturing limitations, they should not be used for spetificotion purposss. Sse applicable A.5.T.M. specification raferancas.




COPPER ALLQOY No. 170 (seryLLiUM coPPER)

Composition — percent

Nearest Applicable AS T M Specifications
Nominal | Minimum | Maximum
T
Flat Products B194, B196
Copper § 98.3 ceun vhas )
Berylium | 1.7 160 | 179 Pipe
Nickel + Cobalt e .20 R Rod B196
Ni -i-.Fe +Co § .... . -6 Shapes
Copper (incl. Ag)
+ Elements with Tube
ific Limi : .
Specific Limits 8955 Wire
Physical Properties o
English Units C. G. S, Units
Melting Point (Liquidus) 1800 F 980 C
Melting Point {Solidus) 1580 F 865 C )
_ Density 2981bjcu in @68 F 8.26 gm fcuem @20C.
Specific Gravity 8.26 B.26 ‘ '
Coefficient of Thermal Expansion per°F from 68 F to 212 F per®C from?20C to 100 C
Coefficient of Thermsal Expansion per°F from68F to 392 F per°C from20C to200C
Coefficient of Thermal Expansion 0000099 per °F from 68 F to 572 F 0000178 per°C from20C to300C
Thermal Conductivity 62-75 Btu fsq ft /it /hr [°F @ 6B F .26 -.31 cal fsgem fem fsec fPC@20C
Electrical Resistivity {(Annealed} 46,2 QOhms {circ mil /it }@ 68 F 7.68 Microhmcm @20 C
Electrical Conductivity* {Annealed) ** 2 %IACS5@68F .128 Megmho-cm @ 20 C
Thermal Capacity {Specific Heat) Jd0Btu/lb°F @68 F .10 cal fgm j°C @20 C
Modulus of Elasticity (Tension} - 18,500,000 psi 13,000 Kg /sq .mm
Modulus of Rigidity . 7,300,_0{]0 psi 5,000 Kg /sq mm

* In the precipitation hnrdened condition
** Volume Basis

Typical Uses

HARDWARE: - be]lows bourdon tubing, dmph:agms, fuse clips, fasteners, lock washers,

springs, switch parts, relay parts, electrical and electronic connectors,
. R - retaining rings, roll pins R
INDUSTRIAL:  valves, pump parts, spline shafts rollmg mﬂl pnrts weldmg cqu;pment

~ Common Fabrication Processes

Blankmg, drawing, forming and bendmg, tummg, drilling, tapping

Fabrication Properties

Capacity for Being Cold Worked .. .............. Excellent Suitability for bemg joined by:
Capacity for Being Hot Formed .................. GGood Soldering ... ..... PR P e Good
Hot Forgeability Rating {(Forging Brass=100)........:... : CBIBZINE . iiiiieeia i eeeeas Good
Hot Working Temperature .... 1200-1500 F or 650-825 C Oxyacetylene weidmg ...... Not Recommended
Annealing Temperature ...... 1425-1475 F or 775800 C Gus Shielded Arc Welding + «v v vvvnenens Good
Machinability Rating (Free Cutting Brass = 100) ...... .. 20 Conted Metal Arc Welding - - - - - . veeenae. Good
- Spot s.ree.na. e Good
Resistance Welding SEAm +vvenrran va Fair
Butt ......... e Fair

The values listed sbove represent rearanable oppraximations suitable for general engineering use. Duw 10 cammercinl variations in tompasition and
to menufocturing Iimllulinnl they should not be used for specification purposes, See opplicable A.5.T.M. specificarion references.

(Cuntmued on other side}




COPPER ALLOY No. 170 (Conﬁnue_d) -_

Forms and Tempers Hot

Annealed Tempsars Ralted or Drawn Tarr;i!.é‘ri' h
Most Commanly Used Finishec A
— Tempers
® B
Nominal Grain Sizamm - a z
- 5 o
- -9 [
] -_— [
- x w'E 6
T - 5 35S 113 g
v 2|l B 5 £ Fc 2cel= BI|E
g 2 5 £ o 8 2 £ 58 9 3z 2 |8 @|e
s g £ I E £ FETEE| BE
4 |l 5 & X £ = O ° K
scguwguejz£ £ Fs Bpg Frlfycz|f )
ﬁqqcaqq;ﬁlliﬁcfﬁfma‘min:'ﬂ'éag

Strip, Rolled v N

Strip, Drawn
Flat Wire, Rolled

FLAT Flat Wire, Drawn 8 ............... N e, [
PRODUCTS Bar, Rolled B ..o i b e i i it e e e i e, Lo . .
Bar, Drawn § ... e e e e e b
Sheet 8 .........coviiiiiih e b e e et N T
Plate B .. ..o et i ienenenniiiiiiniieniens P AP A ;
RODY ... ............. T A AR SR :
WIRER ..o DR S DU :
CTUBE N oo RRRRR O L L. '
B ) 1 T PR ] .- }
SHAPES | ... ... ... .. 00, I RO BB [.. ./

2. HARD DRAWN temper is used
only where there is need for a tube
as hard or s strong a3 is commer-
cially feasible for the size in question,

3. LIGHT DRAWN — BENDING temper is
used only where o tube of some stiffness, but
yet copable of readily being bent (or other-
wise moderately cold worked) is needed.

| 1. DRAWN — GENERAL PURPOSE temper is used
i for genernl purpose tube only, ususlly where there
i5 no real requirement {or high strength or hardness on
the one hand or for bending qualities on the other.

4. Solution heat trested, 5. Special mill processing and precipitation trentment.

Mechanical Properties

Yield Elanga-
Tensiie Strength tion Rockwell Fatigue
Strength 2% Offsat in2" Hardness Strength
Form Size Tempar H]
Saction Ksi ksi % l i 1l Million
1 ] ] H] iI 1} I W8 30T cC ksi Cycles
- S —— o —
FLAT Under A AT 70.0 | 165.0 32.0 1450 45| 7 |60 | 581 35 FE—HS.[) 100
PRODUCTS 188 in, WHE %H 800 { 172.0 70.0 150.0 {2515 |80 70 |-37] 400 100
WH] H 92,0 | 182.0 82.0 1600 | 15] 4 |52 77 39} 42.0 100
H HTl 1100 | 190.0 | 1040 170.0 503 199 81{ 401 43.0 100
AMP ....) 105.0 80.0 e 208 -1 - - | 20] ....
%HM 115.0 90.0 18] -1} - -1 230 ...
WHM 128.0 105.0 , 15 -1 - -1 27
HM 142.0 122.0 . 123 - | -~ - | 32
XHM 168.0 148.0 G~ - -1 36 I
ROD ALL A AT| 68.0 | 165.0 e ceee =621 -] 35}
up to 3/8 in. incl. H{- HT} 112.0 | 188.0 ~ |- |95 - | 38{
over 3/8 to 1 in.incl H HT] 105.0 { 183.0 ceae veen b —=1-195) - | 37
over 1 in, H HT| 100,0 | 178.0 e cee | b= }95] - [ 36 .
Note: A - Solution heat treated T — Precipitation heat treated
H '— Hard (except for tempers utilizing AM through XHM — Special mill processing and precipitation treatment
M designation)
)] As supplied by producer m‘ql (1)  Properties after precipitation hardening by customer at 600F
Tha valuas listed above repressnt reasonable approaimotions sultable far general anginesaring use. Dua 1o commercial variations in composition and
56 10 manufaciuring limitations, they should not bs vsad for spacificalion purposes, Ses applicoble A.5.T.M. specificaticn refarencas,
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COPPER ALLOY Nos. 172 and 173 (8ervLLIUM COPPER) |

Composition — percent
Copper Alloy No. 172 Copper Alloy No, 173 Nearest Applicable AS T M Specifications

Nominal | Minimum | Maximum | Nominat | Minimum | Maximum
Copper | 98.1 97.7 B A e o
. ‘e e . PR e oaa [+ 9 [+ 9
i 19 1.80 2.00 . ) .
Beryllium § - 1.9 ] 180 2.00 Al Bl Flat Products | B194,B196  B196
Nickel + Cobalt | ... 20 { ..oy L 20 | ..., Pipe
me+ Fc?i- (2‘:0 p p Rod Bi196 B19§
+ . . Shupes
Copper (incl. Ag)
+ Elements with Tube
Specific Limits e 99 5 R e 995 . Wire B197

Physical Properties

oo o o Tk i |
Melting Point (Liquidus)
Melting Point (Solidus) 1590 F 865 C .
Density 2981ib fcu in @GB F 8.26 gmjcucm @20C.
Specific Gravity 8.26 8.26
Coefficient of Thermal Expansion per°F from 68 F to 212 F per°C from20C to 100 C
Coefficient of Thermal Expansion . per®F from 88 F to0 392 F per°C from20C to 200 C
Coefficient of Thermal Expansion .0000099 per °F from 68 F to 572 F 0000178 per°C from20C to 300C
Thermal Conductivity 62-75 Btu /sq it /ft /hr /F @68 F .26-.31 cal /sqem fem fsec ffC@20C
Electrical Resistivity (Annealed) 46.2 Ohms (circ mil /it )@ 68 F 7.68 Microhm-cm @20C
Electrical Conductivity® {Annealed) 22 %IACS@68 F 128 Megmho-cm @20 C
Thermal Capacity (Specific Heat) : J0Btu/lb°F @68 F 0 ealfegm /°C @20C |
Modulus of Elasticity (Tension) 18,500,000 psi 13,000 Kg/sq mm : |
. Modulus of Rigidity 7,300,000 psi 5,000 Kg /sq mm
*In the precipitation hardened condition ' .
**Volume Basis ©oo o Typical Uses
HARDWARE: - Bellows, bourdon tubing, diaphragms, fuse clips, fas- -
. teners, lock washers, springs, switch parts, relay parts,
electrical and electronic components, retaining rings,
: B roll pins .
INDUSTRIAL: - Valves, pump parts, spline shafts, rolling mill parts,
welding equipment
Common Fabrication Processas
Blanking, drawing,.forming and bending, turning, drilling, tapping
|
_ Fabrication Properties o
Capacity for Being Cold Worked................ Excellent Suitability for being joined by: '
Crpacity for Being Hot Formed .........covvnennnns Good Soldering ..... ....... ettt Good
Hot Forgeability Rating (Forging Brass = 100) Brazing ................. e ..... Good
Copper Alloy No. 172 ....... Ceeeaeeeeaeas 40 Oxyacetylene Wzlding ....... ...Not Recommended
Copper Alloy Ne. 173 ........ Not Recommended Gas Shielded Arc Welding ........... . Good
Hot Working Temperature, . . ... 1200-1500 F or 650-825 C . Coated Metal Are Welding . ................ Good
Annealing Temperature ...... 1425-1475F or 775-800 C . Spot.......civiiin, .. Good
Machinability Rating (Free Cutting Brass = 100) ' Resistance Welding ¢ Seam.............. vev.... Fair
Copper Aloy No. 172 ... .. iveiinnnnnnran 20 (Butt. ... ........... SR Fair
Copper Aloy No. 173 ... iviineiinnens . 50 S :

wsrmm wam nse - The values Hsted obove rapresent reasonchis appraximatiors sultable for General englnesring e, Due 10 commareial varjations in:umpe_nhiunnnd‘m
to monufacturing imitatisss, they thould not be vsed for specification purposes. See opplicoble A.S.T.M. 1pecification raferences.

(Continued on other side) ) o 57




COPPER ALLOY Nos. 172 and 173 {Contmued)

Forms and Tempers Annealed Tempers Rolled or Drawn Tumpau o Hot k)
Most Commonly Used | Finishad ‘
= Tempers
g &
Nominal Grain Sizo mm § ?
] ' a T
] - — ]
s * e £t s 9 g
il 3. f @& :o53omls
e | £ B 3 1 B 1 &8 E|E2 BF
o < = [} f E £ e [=} =] - ] E
seg8 gl E1EE = B 8 £z FoROEIT SIS
258883535838 F £ X 38 5 2 2lz 2|8 :
Strip’Dran ................... er v als v e h e e s e 4 e 4w e e e s e e ke IR P T }
Flat Wire, Rolled -+« crveveen e i el e e
FLAT F]at Wi_[e! B ] T T T T Y Y . :
PRODUCTS Bar, Rolled 8-- .- ..co0. PR A L Y T .
Bur, Drawn B+ s cnveranncnsan W PR [ e
Sheel F-« vt or e rniiennianain]inmeinrenanansntnartanrnsareoonnaanaeraafransenidroneean
Plate B- - oo - v v m v v e e vnnnn [ S f e e r et et st ey R R T
RODHE - iiinna, L L S
: WIREN......vveinn i, S (U, L
: TUBEE. - . ....... Vearenaa B ovofravarinarnea P Y [ PR K A vl
-5 PIPEE. ......oonun, P T he e AN A T
[ SHAPESi .................. PO A e e IO DR N
1
i 1. DRAWN —~ GENERAL PURPOSE temper is used 2. HARD DRAWN temper is used 3. LIGHT DRAWN — BENDING temper is ‘.
W for general purpose tube only, usually where there only where there is need for o tube used only where a tube of some stiffness, but .
is no real requirement for high strengih or hardness on as hard or as strong as is commer- yet capable of readily being bent {or other- :
the one hand or for bending qualities on the other, cially feasible for the size in question, wise moderately cold worked) is needed.
4, Solution Heat Treated. . 5. Special Mill Processing and Precipitation Treatment.
Mechanical Properties '
Size Tensila Yield Strength Elongation Rockwall Fatigua
Farm Saction Tamper Strength 2% Offset in2" Hardness Strangth
Mittion
kst ksi % B 30T ¢C ksi Cyclas
1 1§ 1 il | 1] I 1] | | 1] 1]
J_P—-—dru—_——
FLAT & Under.188 in. A AT j 700 175.0 32.0 155.0 45 6 |60 158 |38 36.0 100
PRODUCTS = WH | %BHT | 80,0 I85.0 70.0 165.0 25 4 |80 70 j40 40.0 100
BH{ ®BHT | 92.0 195.0 82.0 175.0 15 3 192 |77 (41 44.0 100
H HT j110.0 200.0 104.0 180.0 5 2 |99 |81 |42 44.5 100
AM -~ {105.0 82.0 20 - { - - |20 ceen
W“HM - 1115.0 92.0 17 -] - - 123
¥“HM - 11280 105.0 15 -1 - - |27 1....
HM - |142.0 122.0 12 - - - 132 v
XHM - |168.0 148.0 7 - | - - 137 e ) :
XHMS — +182.0 160.0 6 -1 - - 139
ROD {All A AT | 68.0 178.0 250 160.0 48 6 |62 - 38 . . g .
Up to 3/8in. incl. H| HT {1120 | 2000 | 90.0 1820 15 | 3 95 | - |41 N
Qver3/8tolin,incl. H HT [105.0 195.0 90.0 178.0 15 5 195 - 141 R
Over | in, H HT |100.0 190.0 90.0 175.0 i5 3 [95 - (4]
WIRE A AT | 680 | 1780} 28.0 1600 135 )13 |~ |~ |- S R
“WH 1 YWHT ]102.0 190.0 82.0 173.0 10 2] - - - . e
WH WHT [122.0 200.0 § 100.0 185.0 ) l - - - . .
#H [ UHT {1420 210.0 | 1200 190.0 2 1 - - - . el
H HT [152.0 212.0 | 125.0 195.0 i i - - - A
]
Note: A — Solution Heat Treated T ~— Precipitation Heat Treated
H - Hard (except for tempers using M designations) AM through XHMS - Spe:f‘:ml tMlll Processing and Precxpxtatlc
réatment
(1) - As Suppiied by Producer Mill (I}~ Properties after Precipitation Hardening by Customer af
Tha volves listed above represent reaionable opproximations sultable for gensral angineeting use. Due 10 commarcial varistions in composition and
B8 to manufacturing limltatians, they should not be vsed for specification purpotes. See applicoble A.5.T.M. specificatidn references. i
5\1 1: \')
./f ’
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COPPER ALLOY No. 175 (scrYLLIUM COPPER)

Composition — percent
Nearest Applicable A S T M Specifications

Nominal | Minimum | Maximum

Fiat Products B441, B534

Copper 96.9 PN . Pipe
Iron 10
Cobalt 2.5 2.4 2.7 Rod | B4dl
Beryllium & .40 7 Shapes
Copper (incl. Ag) Tube
+ Elements with
Specific Limits e 98.5 v Wire

Physical Properties
: English Units C. G. S. Units
Melting Point (Liguidus) 1955 F 1068 C
Melting Point (Solidus) 1885 F 1029 C
Density 316 b /cu in @68 F 8.75 gm fcuecm @20 C.
Specific Gravity 8.75 8.75
Coefficient of Thermal Expansion - per®F from 68 F to 212 F per°C from20C to 100 C
Coefficient of Thermal Expansion .0000098 per°F from 68 F to 392 F 0000176 per®°C from 20 C to 200 C
Coefficient of Therma! Expansion per°F from 68 F to 372 F per°C from20C to300C
Thermal Conductivity [20-150 Btu fsq ft /ft fhr /°F @ 68 F 49 - 62 cal fsq cm fem fsec FC@20C
Electrical Resistivity (Annealed) 22.8 Ohms (circ mil /it Y@ 68 F 3.79 Microhm-cm @ 20 C
Electrical Conductivity* {(Annealed) ** 45 % IACS@ 6B F : 261 Megmho-cm @20 C
Thermal Capacity {Specific Heat) 0 Biu/Ib°F @68 F JdD cal fgm f°C @20C
Modulus of Elasticity (Tension) 19,000,000 psi 13,500 Kg fsq mm
Modulus of Rigidity 7,500,000 psi : . . 57250 Kg/sq mm

* In the precipitation hardened condition
_** Yolume Basis :

Typical Uses

‘ o HARDWAI{E: _ fuse clips, fasteners, springs, switch paﬁs, relay.parts,
S electrical conductors R
INDUSTRIAL: welding equipment

Common Fabrication Processes

' Blanking, forming and bending, turning, drilling, tapping

Fabrication Properties

' S Suitability for being joi : .
Capacity for Being Cold Worked. ......... e Excellent . e éolgegrl;;e.u.]? jomedby __________________ Good

Capacity for Being HotFormed .................... Good Brazing ««-- ... e, Good
Hot Forgeability Rating (Forging Brass=100) ............. ) Oxyacetylene Welding «» -« - - « - Not Recommended
Hot Working Temperature ........ 1200-1625 F or 650-765 C Gas Shielded Arc Welding -« « v« s evvrecenes Fair
Machinability Rating (Free Cutting Brass=100) ............ Coated Metal Arc Welding: - - - - - - eeaeaiena Fair
Solution Heat Treating Temperature 1675-1725 F or 300-950 C SPOE « v tvrrrrrareananenn Good
) Resistance Welding GERMIe v rocrosasransaranns Fau'
Butt -re-v-- Feerearsienans Fuir

The values listed above represant reasonoble opproximations suitable for general engineering use, Due 1o cammereiol variations in compasition and

to manufactering lfmitations, thay Jhould not be used for specification purposes. See applicable A5.T.M, specification references.

{Continued on other side) D W e . : . 59




Forms and'”Ta'mp'éfé -

COPPER ALLOY No. 175 (continued)

Annealed Tempars Rolled or Drawn Tempers Hot oy
iMiost Commonly Used Finished R
- Tampers
1y &
i Nominal Grain Size mm - g
& E 5 -]
5 5% g
£ o P IEE 3 §
— |4 B [ 2
8 {3 8 ., § ¢ £2o0§5;:|3 %|E
E | £ 2 5 E 1 8 8 | B|m
g 2| - &8 § © T & E 00 |= Ei%
leeggeele 8/ 5 B g EEgsze|fal
wqqqqqﬁzmcfﬁﬂﬁamtn"ﬁu&é;
Strip,Rolled §l .. ......cc.ivcvivmenn ]t @ - @ e & PR PR AR
Strip. Drawh B« - cvnvrinirrsaanan e f
Flat Wire‘ 20} T 1 S ot P
FLAT Flat Wire, Drawn ..« ... oot 4 e e, Y N PO
PRODUCTS Bar,Rolled -+« +vovovvvennnn. @ e B oreeianaa O R S
Ba_[‘1 Drawn -« covevunn RS T et te s B v Y P PPN
Sheet B+ -+ - v i e meee e * .....................................................
Plate B -« cccvnev v T L I R .
RODH-.-... e er e L T @ e L P FT N
WIREHE . .o iienieinnns T R R ETREES PP SN R
TUBEHR .- - ccvrev i @ P esneneranranens @ - e N T
PIPER]--......... e e e e [P PN T \
SHAPES! ............... KN DRI PRI Bt vttt Pee e R I M o

1. DRAWN — GENERAL PURPOSE temper is used
for genernl purpose tube only, usually where there
is no real requirement for high strength or hardness on
the one hand or for bending qualities on the other.

2. HARD DRAWN temper is used
only where there is need for n tube
as hard or as strong a% is commer-
cinlly feasible for the size in question.

4. Solution heat treated,

3. LIGHT DRAWN - BENDING temper is
used only where a tube of some stiffness, but
yel eapable of readily being bent (or other-
wise moderately cold worked) is needed.

Mechanical Properties Yield Strength Elonga-
Tansile | (5% Ext. tion Rockwell | Shear Fatigue
Size Strangth | under Load}| [.2% Offset}] I 2in. | Hardness |Strength Strength
Form Section Tempar -
Million
in. ksi kst ksi % FtalaoT ksi Kai CVC'"
e é
FLAT Under |............ A(l) 45.0 25.0 28 - 32 36 Veae
PRODUCTS JABBin, |....... .. AT(1)X2) 1100 90.0 12 - 96. 80 .
........... BH(1) 68.0 60.0 8 - 70 64
........ BHT(1)(2) |115.0 108.0 8 - 98 8l 350 100
............. H(1) 78.0 70.0 5 - 83 72
......... HT(1)(2) [115.0 110.0 8 - 98 81
ROD ALL |.......... ... A1) 45.0 25.0 28 - 35 - PN
............ H(1) | 720 | 650 12 |- 68 - S
cevee L AT()2) |110.0 90.0 18 |-~ 96 - )
......... HT(1)(2) 1115.0 | 110.0 14 |- 98 - /
Note: A — Solution heat treated T - Precipitation heat treated
H — Huard
(1) As supplied by producer mill (2)  Properties after precipitation heat treating at 900 F either by
the producer or the consumer.
Tha values lisied cbove represent reasanable cpproximations suitable far general anginesring via. Due 10 commarcial variations in camposition and
60 10 thg Himi shay should nat be used for spacification purposes. See applicable A.5.T.M, specificaticn referances.
™
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COPPER ALLOY Nos. 182, 184 and 185 (CHFrOMIUM COPPER)

mpaosition — percent

Copper Alloy No. 182 Copper Alloy No. 184 Copper Alloy No. 185
Naominal {MinimumiMaximurmy Nominal MinimumiMaximurm Nominal |MinimumMaximum
Copper UL B IR BT - I T ' 9.2 1 ... .- Nearest Applicable A 8 T M Specifications
kon e 10 N e A
Chromium g .6 1.2 B A0 1.2 7 40 1.0 Elat Products
Silicon Jdof ..., B [ I )
Lead 05 015 Pipe
Arsenic Kil1L] S
Calcium 005 .... _ Rod
Lithium o3 o.... D4 Shapes
Phosphorus e 05 ceee .
Pine | ooy 2 RUUOR ENUUDE B Tube
Sllver . caes 10 08 Jd21 0 Wire F9
1 (Incl, A :
=ments wi ) - i
cific Limits 99.5 998 [ .... 99.8 N
Physical Properties ] - : C )
J English Units - : : C. G. §. Linits
b T 2= T
Melting Point {Ligquidus) 1967 F 1075 C
Melting Point {Solidus) 1958 F ’ 1070 C
Density 321 bfou in @E8 F 8.89 gm/fcucm @20C.
Specific Gravity 8.89 . _ 8.89 :
Coefficient of Thermal Expansion 0000098 per°F from 68 F to 212 F .0000176 per°C from20C to 100 C
Coefficient of Thermal Expansion - per®*F from 68 F to 392 F . per®C from20C to 200 C
Coefficient of Thermal Expansion per°F from 68 F to 572 F _ per°C ffom 20 C to-300C
Thermal Conductivity ** 187 Btu fsq ft /ft /ar /'F @68 F - .77 cal fsq cm fem [sec [PC@20C
Electrical Resistivity (Annealed) ** 13.0 Ohms (circ mil /it )@ 68 F " 2.16 Microhm-<m @20C
Electrical Conductivity* (Annealed) ** B0 % IACS@68F 463 Megmho-cm @20 C
Thermal Capacity {Specific Heat) 092 Btufib°F @68 F - 092 cel/fpgm /°C @20C .
Modulus of Elasticity (Tension) 17,000,000 psi 12,000 Kg /sg mm e
Modulus of Rigidity 7,200,000 psi . . 5,100 Kg/sq mm

*Volume Basis

**Solution Hent Treated Cold Warked (50 mmlmum) :
and Aged (Votume Basis) - _ TVF" cal Uses

Resxstn.nce weldmg machine eiectrodes, seam welding whecls ’
electrical switch gear, electrode holder jaws, cable connectors,
cuirent carrying arms and shafts, circuit breaker parts, arcing
and bridging parts, grid siderods in electron tubes, molds, spot
welding tips, flush welding electrodes, electrical and thermal
conductorsrequinnggreaterstrength than copper, switch coniacts

Commuon Fabrication Processes
Hot: Extrusion, rolling, forging
Cold: Drawing, rnlIm g, impacting, headmg,
bending, swaging )

_ . {
- . : Fabrication Properties
Capacity for Being Cold Worked ... ..... e Excellent Suitability for bemg jnmed by:
Capacity for Being Hot Foermed . ................ . Good Soldering. ............... eeaeaen e Good
Hot Forgeability Rating (Forging Brass=100) ......... 80 Brazing . .......h e Goad
___ Hot Working Temperature . . ... 1500-1700F or 800925 C . Oxyacetylene Welding ... _. Mot Recommended
i Annea_almg' 'Z_['emper.ature For C o Gas Shielded Arc Welding .., ... veveen...Good
Macim_mblhty Rating (Free Cutting Brass=100).........20 ] " Coated Metal Arc Welding . _ . Not Recommended
: : . . L Resist weld Spot ........ Not Recommended
. : .- esistance Welding Seam,,.,.... Not Rec ded
** Recommended Solution Heat Treating and Aging Cycles : S : Butt, , . ........ ? e ?I.m??nF:ir
Condition . Solution Traating ' Tima . Agmg Tima
. Solution Heat Treated and Agedor ... . e e ettt e meeen et e . e e o
" Solution Heat Treated, Cold Wurked nnd Apged 1500—1850F 980—1 OODC 10—30 min., 800-93DF 425—500C 24 hrs.

The volues listed above represent reasonchle approximatiens auitabls for general engineering use. Due 1o commercial variations in compositian ond
to manufoetyring [imitarions, they should not be vied for spetificotion purposes. See applicable A.S,T.M. specificatien references.

(Continued on other side) - - -
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COPPER ALLOY Nos. 182, 184 and 185 (continued)

Forms and Tempers
Most Commoanly Used:

Strip, Rolled
Strip, Drawn
Flat Wire, Rolled

Annsaled Tampars

Nominal Grain Size mm

Solution Heat Treated

Soft Annsal
Light Annea)

00
070
050
035
025
015

.........................

...............

folied or Drawn Tempers )

Cotd Worked, Aged, and

Solution Heat Treated
Cald Worked

and Cold Worked
Solution Heat Treated,
Cold Worked and Aged
Solution Heat Treated,
Solution Heat Treated

and Aged

“a
g
B
3%
Ea

g
Se
£3

Mill Annealed

......

...................

Hot
Finishead
Tempers

As Hot Rolled
Az Extruded

-\_\ .

Spacial Tempers

FLAT Fiat Wire, Drawn §........... R Pt ee et TR I A ‘e
PRODUCTS Bar, Rolled -+ cvvvenennennnnna., D e rerrraeraanas RN & RPN .
Bar,Drawn B- .- - .viiniiinnann, PR Fa s s s Pt es et . B T
Cheet P. . -i v i it e r e e Pr s s e, -, B I T R
Plate . ........ . derracreades [ N T T O e
RODE. ...ttt DY R Y T [ N JPI R,
WIRE §..... [P [ 'Y EXEEY T B iaa *--- 8 -] ... e
TUBERg............ N e @ e " YR R e
PIPEf§........ o C et aaraeaearareaaa D
SHAPES K. --.... .evuun e e beaenanas . PN e eans dev .
Mechanical Properties Yisld Strength Elonga-
Tensile | (5% Ext. tion Rockwell | Shear Fatigue
Size Strength | under Loadl} (.2% Offsat)] in2in. | Hardness |Strangth Strength
Farm Sactian Tampar Million
in, ksi ksi ksi % Elaglzor| ks fesi I Cycles
A mm*&
FLAT .040in. Solution Heat Treated 34,0 15,0 e 40 - 16 - R s P
PRODUCTS Solution Heat Treated
and Aged (500C-3hrs) | 51,0 36.0 cena 22 - 59 - cree . .
Solution Heat Treated
and Cold Worked (50%)[ §3.0 510 6 - 66 - .
g Solution Heat Treated,
Cold Worked (50%),
and Aged (450C- 3hrs) 67.0 59.0 cees 14 - 19 - .
PLATE j2.0in. Solution Heat Treated
and Aged 58.0 41.0 15 - 70 - e . .
3.01n. Solution Heat Treated
and Aged 36.0 40.0 . 30 - 68 - P .
ROD 136 in, Solution Heat Treated
~-= 1 "pnd Cold Worked (91%) | 74.0 73.0 vaee 5 - - = . .
Solution Heat Treated, .
Cold Worked (909%),
and Apged 86.0 71.0 14 - - - .
500 in, Solution Heat Treated 45.0 14.9 ‘e 40 - = - .. .
Sclution Heat Treated
and Aged {(500C - 3hts) [ 70.0 55.0 21 - 70 - .
Solution Heat Treated
and Cold Worked (605%)! 57.0 56.0 veee 11 ~ 65 - v e .
Solution Heat Treated
and Cold Worked (60.5%}
and Aged (450C-3hrs) } 77.0 65.0 16 - 82 - .
Solution Heat Treated,
Cold Worked {50%),
Aged und Cold Worked
(6%) 71.0 67.0 19 - 83 -
L.0in. Solution Hent Trented
and Aged 72.0 65.0 18 - 80 - FAN .
2.0in. Solution Heat Treated
and Aged 70.0 65.0 B (- 15 - ... | . .
3.0in. Solution Heat Treated
and Aged 65.0 550 18 - MM - A .
4.01n. Solution Heat Treated
and Aped 55.0 43.0 25 - 68 - P ees R
TUBE {3/8in. OD
X 094 in. [ Mill Annenled 40.0 15.0 . 50 59 - - ‘e ‘e
1,250 in.OD| Solution Heat Treated
X .212in. | and Cold Worked (76%) | 59.0 57.0 ceen 21 - 67 - v feae
Solution Heat Treated,
Cold Worked (76%),Aged
and Cold Worked (28%) | 69.0 63.0 26 - 84 - veas cene

The values listed above reprasent reosanable opproximations sultable for ganeral snginssring uvie. Dua to commardic] variations in compaosition and
to manufacturing limitations, Yhey should not ba used for spacitication purpoies, See applicable A.5.T.M spacificotidn references.
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COPPER ALLOY No. 187 (LcapeD corPER)

Composition — percent

Nearest Applicable A S T M Specifications
Nominal | Minimum | Maximum o
e Flat Products B30I
Copper { 9%9.0 e ceen Pipe
Lead 1.0 8 1.5 Rod B301
Cu + Ag + Pb* e 99.9 Ve Shapes
Tube
Wire
*(Oxypen-free or deoxidized grades with agreed
upon deoxidizers {(such as phosphorus, boron,
lithium or others) are available when 50 ordered.
Physical Properties
English Units C. G. 5. Units
|
I
Melting Point {Liquidus) 1976 F 1080 ¢
Melting Point (Solidus) 1747 F 953 ¢ .
Density 323 1b/cu in @68 F 8.94 gm jcucm @20 C.
Specific Gravity 8.94 8.94
Coefficient of Thermal Expansion per°F from 68 F to 212 F per®°C from20C to 100 C
Coefficient of Thermal Expansion per*F from 68 F ta 392 F per®C from20C to200C
Coef{ficient of Thermal Expansion 0000098 per*F from 68 F to 572 F 0000176 per®°C from20C to300C
Thermal Conductivity 218 Btu fsq ft /ft thr f°F @ 68 F .93 cal fsqg em fem fsec PC @20 C
Electrical Resistivity {Annealed) 10.8 Ohms {circ mil /ft @68 F 1.79 Microhm-cm @20 C
Electrical Conductivity* (Annealed) 96 % IACS@68 F .556 Megmho-cm @20 C
Thermal Capacity (Specific Heat) 052 Btu fib°F @68 F 092 cal fem °PC @20 C
Modulus of Elasticity (Tension) 17,000,000 pst 12,000 Kg/sq mm
Modulus of Rigidity 6,400,000 psi 4,500 Kg/fsq mm
*Volume Basis TypicaI Uses

Electrical: connectors, motor and switch parts, screw machine parts requiring high conductivity

Common Fabrication Processes

Machining

Fabrication Properties

Capacity for Being Cold Worked . - .. .. - ... ... Good Suitability for being joined by:
Capacity for Being Hot Formed - - -+« oo vvncenn Poor SOldEring. « v v v eer e e e Excellent
Hot Forgeability Rating (Forging Brass=100}. -« .« + - - +.. Brazing ... ... e e e Good
Hot Working Temperfature. « . . . 1400-1600 F or 750875 ¢ Oxyacetylene Welding. ........ Not Recommended
Annealing Temperature.., .... 800-1200 F or425-650 ¢ Gas Shielded Arc Welding...... Not Recommended
Machinability Rating (Free Cutting Brass= 100). .. ..... 85 Coated Metal Arc Welding ..... Not Recommended
‘ Spot ........ Not Recommended
Resistance Welding Seam........ Not Recommended
Butt ........iiiiiiienn Fair

The volues listed abave rapresent recsonable opproximuatians suitable for general engineering use. Due 10 commercinl varlotiont In camposition and
ta manufaziuring limitations, they thould not be used for specificolion purposes. Sec applicable A.5.T.M. specifitation references.

(Continped on ather side) 63




COPPER ALLOY No. 187 (continued)

Forms and Tempers

3
Most Commonly Used

m

Strip, Rolled
Strip, Drawn
Flat Wire, Rolled
Flat Wire, Drawn
Bar, Rolled

Bar, Drawn
Sheet

Plate

ROD

WIRE

TUBE

PIPE

SHAPES

FLAT
PRODUCTS

Nominal Grain Size mm

Anneated Tempars

w ®| g
g 2| =
s g| 2
1B
223 8 & 2 5|5
@ a9 9 Qg8 a] i

Rofted or Drawn Tempers .

Quarter Hard
Half Hard
Three Quarter Hard

Extra Spring

Drawn — General Purpese (1)

Hard Brawn {2}

1. DRAWN - GENERAL PURPOSE temper is used
for general purpose tube only, usually where there
is no real requirement for high strength or hardness on
the one hand or for bending qualities on the other.

Mechanical Properties

2. HARD DRAWN temper is used
only where there is need for a tube
us hard or as stronp as is commer-
cially feasible for the size in question.

Yield Strangth Elonga-
Tensila | {.5% Ext. tion [ Rockwel | Shear
Size Strength | under Load)| (.2% Offset)| in2in. | Hardness | Strength
Form Section Teamper
in. ksi ksi ki %
ROD 1.01in, 050 mm ,....... 320 10.0 45 40 - - 220
.250 in. | Half Hard (20%). .. 430 40.0 18 - 43 - 26.0
1.04n, Half Hard (20%)... | 42.0 38.0 e 25 - 42 ~ | 250
J25in. | Hard (50%)....... | 55.0 30.0 Cea 8 - - - | 300
¥ 250in. | Hard (45%)....... 530 | 49.0 10 [~ 54 ~| 290
.500in, | Hard (35%)....... 48.0 440 12 - 48 - 27.0
1.0in. Hard (35%)....... 48.0 42.0 15 - 48 - 27.0

64

.r

Light Drawn — Banding (3)

.......................................

.......................................
.......................................
...............................

.............

Hot
Finishad
Tempers

As Hot Rolled
As Extruded

Fatigue
Strangth

The voluas listed chova raprasent reasonochle oppraximations sultable for general enginesering use. Dus 1o commarcial variatians in composition and
1o manufocturing limitations, shay should not be used for spacification purposes. See applicable A.5.T.M. specificaticn references.

Special Tempers

3. LIGHT DRAWN - BENDING temper is

vsed only where a tube of some stiffness, but

yet capable of readily being bent (or other-
" wise moderately cold worked) is needed.

. Million
F I B 1307 ki ki I Cycles




COPPER ALLOY No. 189

Composition — percent

Nearest Applicable AS T M Specifications

Nominal | Minimum | Maximum S
Copper § 98.7 Ca
Tin .8 .6 9

Silicon 3 15 .40

Lead 02

Phosphorus 035

Aluminum e e .01

Manganese 2 .10 .30

Zinc 10
Cniper {incl. Ag)
+ Elements with

Specific Limits cen 999
Physical Properties . .
English Units C. G. 8. Units
Melting Point (Liquidus) 1967 F 1075 ¢
Melting Point {Solidus) F C .
Density 322 lbjcu in @68 F 891 gm feuem @20C.
Specific Gravity 8.91 8.91

Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Thermal Conductivity

Electrical Resistivity {Annealed)

per°F from 68 F to 212 F
per°F from 68 F to 392 F
per°F from 68 F to 572 F

75 Btu /sq ft /ft /hr F @ 68 F
34.6 Ohms (circ mil /ft )@ 68 F

per°C from20C to 100 C
per °C from 20C to 200C
per°C from20C to300C
.31 cal /sq cm fem fsec PC@20C
5.75 Microhm-cm @20 C

Flectrical Conductivity® (Annealed) 30 % IACS @68 F 174 Megmho-cm @20 C
Thermal Capacity {Specific Heat) : .09 Btu/lb°F @68 F 09 cal fem /°C @20C
Modulus of Elesticity (Tension) pst Kg /sq mm
Modulus of Rigidity psi Ke /s¢ mm
*Volume Basis
Typical Uses
Welding rod and wire for inert-gas tungsien-arc and -
oxyacetylene welding of copper. Also inert-gas metal
arc welding
Common Fabrication Processes
Welding
:
Fabrication Properties
Capaq’ty for Being Cold Worked. . . ......... Excellent Suijtability for being joined by:
Capacity for Being Hot Formed . . .. ..... ... Excellent Soldering. .. ..o viiir ittt Excellent
Hot Forgeability Rating (Forging Brass=100). . ........ Brazing ..........ccuuan. Vverraeans - Excellent
Hot quking Temperature F or C Oxyacetylene Welding ................ Excellent
Anne?.lmg_ "Temper_ature 925-1100F or 500-600 C Gas Shielded Arc Welding ... ........... Excellent
Machinability Rating (Free Cutting Brass=100) .. .. .. 20 Coated Metal Arc Welding .......... vea... Good
Spot ......... e Fair
Resistance Welding Seam ....... Not Recommended
Butt .......... e Excellent

The values listed ashave represent reascnoble oppraximations suitable {or general engineering use. Due 1o commercial variations in compesition and
te manufacturing limitations, they should not be used for specification purpases. See opplicable A.5.T.M, specificotion references.
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.COPPER ALLOY No. 189 (Continued)

Forms and Tempers
Most Commeonly Used

Nominal Grain

Strip, Rolled
Strip, Drawn
Flat Wire, Rolled

Anneaied Tampers

Rotled or Drawn Tempers Hot
Finished
- Tempars
e )
Siza mm g. 2
B I -
[ — -]
T g . O »
- . 5 g 2 iz -3
13|38 .5 = Eo6 §f 513 %l
g - B 5 "|EEIE::|-
£ 3 y 8 O = & O)e &1}
< £ 5 =x 2 e 0O £ (B
0w gl 2 £ 2 8 - g € B 2 w g)f &8
N--c.m ‘mg"""g'-‘iﬂ"m
838 3| &f & 2 £ 8 & 5 %5 8 512 2[5

FLAT Flat Wire, Drawn
PRODUCTS Bar, Rolled . .
Bar, Drawn . N P bearaas NP e rteei e DN G P
Sheet § -.+-+ v erensnesansdas . ‘s s T
Plate P T T T T T T F I R A ‘e .
RODE «.viiiiniiiiiiiianads feearrananaees 7 . I
WIREN . ...... L Y R T T U AU A
TUBER -« vviviiiiiinann.. B e P TN .
PIPER oo i e Y . )
sHApESI....... ...... ' O Chas e . P e e
1, DRAWN — GENERAL PURPOSE temper is used 2. HARD DRAWN temper is used 3. LIGHT DRAWN - BENDING temper is
for general purpose tube only, usually where there only where there is need for o tube used only where a tube of some stiffness, but
is no real requirement for hiph strength or hardness on as hard or as strong a5 is commer- yet capable of readily being bent (or other-
the one hand or for bending qualities on the other. cially fensible for the size in question, wise moderately cold worked) is needed.
Mechanical Properties Yield Strength Elonga-
Tensile {.5% Ext. tion Rockwall Shear Fatigua
Size Strength | undar Load)| {,2% Offset)| M 2in. | Hardness | Strength Strength
Form Saction Temper -
Miltion
in. ksi ksi ksi % F [_8_[301" ksi ki Cyclas
ROD 125 in, Soft ............. 38.0 9.0 48 - e e . .
125 in, Hard (35%}........ 56.0 52.0 . 14 - - -
WIRE 045 in, Hard (99%)........ 95.0 - - - .
062 in, Hard (96%)........ 20.0 . - - - . .
093 in. Hard (92%)........ 84.0 . R R

The values listed cbhova represent r ble approxi
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1o manufacturing limitarions, they shoyld not be used for specification purpases, Ses spplicoble A5, T.M. spacitication rafarences.




COPPER ALLOY No. 190

Composition — percent

Nominal | Minimum | Maximum

Nearest Applicable A S T M Specifications

Copper

Iron

Nickel

Lead

Zinc

Phosphorus
Copper (incl. A,

+%}i’em(ents wit%z

Specific Limits

Physical Properties

98.6

1] e 13
05
. 8

3| Tas] 3s

99.5

English Units C. G. 8. Units
Melting Point {Liquidus) 1980 F 1082 C
Melting Point (Solidus) 1800 F 1038 C :
Density 323 Ibjcu in @EB F 894 gm /cuem @20 C.
Specific Gravity 8.94 8.94

Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Thermal Conductivity **
Electrical Resistivity (Annealed) **

0000098
145
17.3

Electrical Conductivity* {Annealed) ** 60

Thermal Capacity (Specific Heat)

092
Modulus of Elasticity {Tension). 18,000,000
Modulus of Rigidity. 6,800,000

*Volume Basis
**Ape Hardened Condition

Capacity for Being Cold Worked. .« v« v ws o

per°F from 68 F t0 212 F
per*F from 68 F to 392 F

per°F from 68 F to 572 F
Btu /sq ft /Tt jhr /°F @68 F
Ohms (circ mil /ft )@ 68 F

%SIACS@68 F

Biu/Ib°F @68 F

psi

psi

Typical Uses

per*C from20C to 100 C
per°C from 20C to 200C

0000177 per®C from 20C 10 300C

.60 cal Jsgem jem sec fFC@200C
2.88 Microhm-cm @20C
347 Megmho-cm @20C
092 cal jgem [°C @20 C
12,700 Kg/sq mm
4,800 Kg /sq mm

Springs, dips, elecirical connectors, electronic parts such as power tube and electron
tube components, high strength electrical conductors, bolts, nails, screws, cotter pins
and parts requiring some combination of high strength, high electrical or thermal con-
ductivity, high resistance to fatigue and creep, and good workability

Common Fabrication Processes

Forming and bending, heading and upsetting, hot forging and

pressing,

Fabrication Properties

v« «. . Excellent

roll threading and knurling, shearing, swaging

Suitability for being joined by:

Capacity for Being Hot Formed ««-\....... ++ ... Excellent Soering. .o ovveee e v, R Excellent
Hot Forgerbility Rating (Farging Brass=100)--...«.... 65 Brazing ....... Weessiarasssasear.. BExcellent
Hot Working Temperature. . ..., 1300-1550 F or 700-850 C Oxyacetylene Welding. .. .......... veve., . Good
Machinability Rating (Free Cutting Brass=J00)....... .. 30 Gas Shielded Arc Welding . ....... b . Good
Annealing Temperature........ 900-1300 F or 475-700 C Coated Metal Arc Welding. . . ... Not Recommended
Solution Annealing Temperature 1300-1450 F or 700-800 C 2] 1T | Fair
Age Hardening Anneal ......... 800- 900 F or 425475 C Resistance Welding F=E: o1 Fair

Butt. . oo iiiiiiniinnns Good

The valusas lisied above rapreient recsonable epproaimations sulichle for genergl englneering vin, Dua to commereinl variatians in composition end
to menufocturing limitctions, they shauld no? be used for specification purposes. See opplicoble A.S.T.M. specification refurances.

(Continued on other side)
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COPPER ALLOY No. 190 (continued)

Forms and Tempers Annsaled Tempers Roltad or Drawn Tempers Hot .
Most Commonly Used Finished .
o Tampars
3 g
| Nominal Grain Size mm 2 2
2 & E
- % .. o i
5 g 2 !
§E(TE.f = E& 5|3
c a| § T B 2 ] E | 8 P|le TR
£k 5 o z & a El=
< il § 2 5 g g 9 T3 %%
SE°££.‘£twﬁg=»—‘-—’§:§§‘;-§,£w;
=g 88 3§ g 8 @lw 8 2T £ 2 A & & &a £ (8 4
Strip, Rotled f ++ ccrvvrreneeai i dii e veide i
Strip, Drawn § -« ececcerierrasaier o, e trvaaa i e PRI R T .
Flat Wire, Rolled § ++------- beamrrraas R T I PR PP
FLAT Flat Wire, Drawn | «--.-. T Y
PRODUCTS Bar,Rolled f ----cvvcrrininenannn. et e eiaaesr e s et et P B .
Bar’Drawn ................................. T beenrssarrsassvavanadieravedaannas
Sheet  --«-+- R S N R I I
Plate B v aeenvsans PR P [ baamae vas s s vessesdinserrdec i
RODE .- iviivniia 3 . e .
WIRER «r+rcvveecrannannns S{ 8--9.8---.. [ R TRY TP PRI B .
TUBEY ------.- P D e e rarareanea e I
PIPE B vt iiineniiansianndioncusrinatanianssssaeisnsstnnsmssnss
SHAPES B +vvovrrmenrnrnnn i, I )
1. DRAWN - GENERAL PURPOSE temper is used 2. HARD DRAWN temper is used 3. LIGHT DRAWN — BENDING temper is
for general purpose tube only, usually where there only where there is need for a tube used only where a tube of some stiffness, but
is no real requirement for high strength or hardness on a8 hard or as strong as is commer- yet capable of readily being ben! {or other-
the one hand or for bending gualities on the other. cially feasible for the size in question. wise moderately cold worked) is needed.
Mechanical Properties - Yield Strength Elonga-
Tensile | (5% Ext. tion Rackwell | Shear Fatigue
l Size Strangth | under boad)| (.2% Offsat}| N2 in. | Hardness | Strangth Strength
Form Section Temper -
Million
in, ksi ksi ksi % fl B laoT ksi ksi | Cyclas
I — S
WIRE 080 in, ]| Age Hardened ...... 65.0 40.0 40.0 25 - = 350 e
Quarter Hard — HT ..} B0.0 70.¢ 73.0 13 - = 40.0 .
Half Hard -~ HT , .. .. 88.0 73.0 78.0 8 - - = 43.0 . .
r Hard —HT......... 97.0 71.0 85.0 5 - = = 49,0 e PR
Spring — HT........ 110.0 80.0 97.0 4 - - - 57.0 P e
Extra Spring — HT...| 115.0 81.0 i01.0 3 - - - 60.0

FLAT WIRE j% in. X | Age Hardened.,.....| 65.0 40.0 40.0 25 - 72 = 350 e .
.040 in. | Half Hard — HT .. ... 76.0 65.0 70.0 4 - 83 - 38.0 e caas )

Hard —HT......... 4.0 72.0 77.0 3 - 88 - 42.0 caen RN

Extra Spring — HT .. .| 100.0 717.0 21.0 2 - 94 - 50.0 cees caee

ROD E1.0in. Solution Treated ....[ 38.0 200 | 200 30 ~ 45 - 25.0 i A

Ape Hardened, . ..... 65.0 45.0 45.0 30 - 10 - 35.0 . RN

Hard (35%)HT ..... 85.0 75.0 80.0 15 - 87 - 42.0 cae RN

HT -- Heat Treated

Ths values listed ocbove repressnt recsonable approximations sultable for genarcl enginsaring use, Dus to commercial variatians In campesition ond
68 to menufacturing limilations, thay sheuld not be used for spacification purposes. See applicable A.S5.T.M specificatidn refersnces.




Compaosition — percent

COPPER ALLOY No. 191

Nearest Applicable A 8 T M Specifications
Nominal | Minimum | Maximum S
Copper 982 [ ... ]oln
Iron | ..... | ..... .20
Nickel 1.1 9 1.3
Lead | ..... | ..... .10
Zinc § ..... | ..... 50
Tellurium 5 35 .6
. Phosphorus 2 .15 35
Copper (incl. Ag)
+ Elements wit
Specific Limits § ..... 995 |......
Physical Properties )
English Units C. G. 5. Units
Melting Point {Liguidus) 1980 F 1082 ¢
Melting Point (Solidus) 1500 F 1038 C .
Density 323 1b/cu in @68 F 894 pm jcuem @20 C.
Specific Gravity 8.94 8.34

Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Thermal Conductivity
Electrical Resistivity (Annealed)
Electrical Conductivity* (Annealed)
Thermal Capacity (Specific Heat}
Modulus of Elasticity (Tension)
Modulus of Rigidity
* Volume Basis
** Precipitation Heat Treated

per°F from 68 F to 2i2 F
per*F from 68 F to 392 F
0000098 per°F from 68 F to 572 F

. 145 Btu fsqg ft /it fhe 'F @ 68 F
b 18.9 Ohms (circ mil /ft )@ 68 F
L1

55 %IACS @68 F
092 Btu /Ib°F @68 F
16,000,000 psi
6,000,000 psi

Typical Uses

0000177

per°C from20C to 100 C
per°C from 20 C to 200 C
per°C from 20 C to 300 C
cal fsq cm fom fsec ;[°C @20 C
Microhm-cm @ 20C
Megmho-cm @ 20 C

cal /gem /°C @20 C

Kg /sq mm

Ke /sq mm

60
3.14
318
092

11,200
4,200

Forgings and screw machine parts requiring high strength, hardenability,
extensive machining, corrosion resistance, copper color, good conduc-
tivity, or a combination of these; bolts, bushings, electrical connectors and
components, gears, marine hardware, nuts, pinions, tie rods, turnbuckle
barrels, welding torch tips

Common Fabrication Processes

Forming and bending, heading and upsetting, hot forging and pressing,
muchining, roll threading and knurling, shearing, swaging

Capacity for Being Cold Worked
Capacity for Being Hot Formed

Hot Forgeability Rating (Forging Brass = 100)

Hot Working Temperature, . ...

Machinability Rating (Free Cutting Brass=100).........

Annealing Temperature

Fabrication Properties

Solution Annealing Temperature 1300-1450 F or 700-800 C

Age Hardening Anneal

Fso

................. . Goeod Suitability for being joined by:
.................. Good Soldering .+ vvvevveessrveannnanass.. Excellent
.......... 65 Brazing -¢esseriieiniiasaiainineaa... Good
1400-1600 F or 750-875 C Oxyacetylene Welding » .-+ .. .. i Fair
75 Gus Shielded Arc Welding - .- - ... cvvuunn Fair
900-1300 F or 475-700 C Coated Metal Arc Welding - -+« . oo vvs vvs. Fair
L3 w1+ | Poor
--------- BOO- 900 F or 425475 C Resistance Welding SEAM «cvvvvrcenarnaens. FPOOT
BUtt «vvenvnnrearnanens Paor

The volues listed cbove represent reasenable opproaimations suilable for general engingering uia, Due 1o tammercial veriation:s i campasition and
1o monufocturing limilarions, they should not be vsed for specificotion purposes. See opplicoble A5.T.M. specification references.

(Continued on other side)
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Forms and Tempers
Most Commonly Used

i Nominal Grain

Strip, Rolled § .........
Strip, Drawn ff .........
Flat Wire, Rolled |

FLAT Flat Wire, Drawn g
PRODUCTS Bar, Rolled §
Bar, Drawn § .........
Sheet §

PIPER ... ...l o.
SHAPES f ...............

1. DRAWN — GENERAL PURPOSE temper is used
for peneral purpose tube only, usually where there
is no real requirement for high strength or hardness on
the one hand or for bending qualities on the other,

Mechanicat Properties

Size
Ferm Section Tempar

—

ROD .250in. | Hard (35%) — HT. ..
500 in. | Hard (35%) — HT. ..
1.0 in. Hard (30%) - HT. ..
125 in. | Spring (75%) — HT. .
375 in, | Spring (60%) — HT. .

in.

FORGINGS §........ As Forged and
Quenched®. ......

As Forged and
Air Cooled* .....

As Age Hardened . ..

HT = Heat Treated
* If quenched immy
indicated. If air-g
age-hardening so

Sizemm
38|
c c| £
E o
< £
£ & S5
& S i

COPPER ALLOY No. 191 {Continued)

Annesled Tempers

Rolled or Drawn Tampars : Hat \
Finished )
o Tempers
¥ )
2 F
- & % 5 5
£ @ e & E
z r = B o @ ne
- - = o ™ |
k-] ] g E E: 2
P52 T Eo s glg BiE
- T & 1 3‘ 1 8 Pl 3|k
5 § 9 | 6 S|z El3
E - 8z fr fopoz(f &%
S £ :E5 3EE E S|:o2|3

.........................

.........................................
................................

............................................

............................................................
....................................

...............................................................

Plate § ..........
RODE ..........
WIREH ...............
TUBE® ...............

............

......

............

..................................

2, HARD DRAWN temper is used
only where there iz need for a tube
ns hard or as strong as i3 commer-
cially feasible for the size in question,

Tensile {.6% Ext.

Strongth | under Load)
ksi ksi

—
840 73.0
80.0 70.0
78.0 68.0

104.0 77.0
94.0 75.0
36.0 10.0
45.0 - 12.0-
55.0 20.0
58.0 38.0

pdiately n water fig
ooled from forging,
that the propertie

quenched forgings and age-hardened

Yigld Strength

{.2% Offsat}
ksi

77.0
73.0
70.0
920
86.0

m forging,
there will
will be s

forgings.

Elonga-
tion
in2in.

an ind

the alloy| will be quite soft a

mewhere between {those ol

3. LIGHT DRAWN -~ BENDING iemper is
used only where a tube of some stiffness, but
yet capable of readily being bent (or other-
wise moderately cold worked) is needed.

Rockwell | Shear Fatigus
Hardness | Strangth Strangth

‘ Million
FlB 307;2_ ksi I Cycles
-85 - 440 | .... ...
- 85 —| 43.0 330 100

- 84 - 410 330 100
- 43:0
35 - =] ....
50 -~ -~
9770 - ...,

terminate gmount of

The volues lisied chove reprasent regionable opproximaotions sultable for ganeral enginesring use, Dua 1o commarcial veriations in composition and
7 to monufacturing limitatians, they should not be used for specification purposes, Ses opplicable A.5.T.M, wpacificatidn rafarances.
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COPPER ALLOY No. 192

Composition — percent
Nearest Applicable A S T M Specifications

MNortinal | Minimum | Maximum

Flat Products

Copper | 598.97 98.7 e Pipe
Iron 1 .8 1.2 Rod
Phosphorus .03 .01 - .04 Shapes
Total Other Elementis e 9%.9
Tube Bll1, B359, B395, B469
Wire

Physical Properties

English Units C. G. S. Units
f Melting Point (Liguidus) 1983 F 1084 C
Melting Point (Solidus) F C :
Density 320 lbjeu in @G8 F 8.87 gm feuem @20C.
Specific Gravity B.87 8.87
Coefficient of Thermal Expansion 0000090 per*F from68B F to 212 F 0000162 per®*C from20C to 100 C
Coefficient of Thermal Expansion per°F from 68 F to 392 F per°C from20C to200C
Coefficient of Thermal Expansion per°"F {from 68 F to 572 F per°C from 20 C to 300C
Thermal Conductivity 125 Btu fsq ft /ft /hr /°F @68 F 517 cal /sq cm fem fsec [FC @20 C
Electrical Resistivity {Annealed) 20.8 Ohms (circ mil /it )@ 68 F 3.45 Microhm-cm @ 20 C
Electrical Conductivity* { Annealed) 50 % IACS @68 F 291 Megmho-cm @ 20 C
Thermal Capacity (Specific Heat) .09 Btu /Ib°F @68 F 09 cal /jem /°C @20C
Modulus of Elasticity (Tension) 17,000,000 psi 12,000 Kg/sq mm
Modulus of Rigidity 6,400,000 psi 4,500 Kg/sq mm
*Volume Basis Typical Uses -

Automotive hydraulic brake lines, flexible hose, electrical
terminals, fuseclips, gaskeis, gift hollow ware, applications
requiring resistance to softening and stress corrosion, air
conditioning and heat exchanger tubing

Common Fabrication Processes
Blanking, coining, coppersmithing, drawing, etching, forming
and bending, heading and upsetting, hot forging and pressing,
piercing and punching, roll threading and knurling, shearing,
spinning, squeezing and swaging, stamping

Fabrication Properties

Capacity for Being Cold Worked. . .............. Excellent Suitability for being joined by:
Capacity for Being Hot Formed ................ Excellent Soldering, ......oiviriiinniinnnnn. Excellent
Hot Forgeability Rating (Forging Brass =100} ......... 65 Brazing ................ e e Excellent
Hot Working Temperature. , . ... 1500-1750F or 825-950 ¢ Oxyacetylene Welding. .. ................ Good
Annealing Temperature........ 1300-1500 F or 700-825 C Gas Shielded Arc Welding . ............. Excellent
Machinability Rating (Free Cutting Brass=100) ........ 20 Coated Metal Arc Welding. ..... Naot Recommended
Spot ........ Not Recommended
Resistance Welding Seam........ Not Recommended
Butt Good

The volues lisied ohove repreient reasanoble opproximalions suitakle for general engineering vse. Due to commercial variations in compasition and
1o manvfactyring limitaticns, they shauld not be used for specification prrpeses. See opplicoble AS.T.M. specificatinn references.

(Continued on otker nide) 71




COPPER ALLOY No. 192 (continueq)

Farms and Tampers Annsaled Tampars Rollad or Drawn Temgers Hot

Most Commonly Used .| Finishad ‘
o Teampers
3 g
Nominal Grain Size mm g. E
T s F |
= T :; E g o 3 E
—_ [} = [ —
E 8|2 5 _ % T £ 3 5 5|5 3|€E
E g e e 2 ] | B E T 3|+
&: -4 = 5 2 a T & c a - E
oo ommunle E|E E L 8 s B £ B F v ozl X|3
2 &6 B M o el Bl ® § ¥ E E § E € OB O B
mrgagoalddJliad d 2 E 2 & & & 5 £ T3 4 n§'
Strip, Rolled B+« - v - - v v rrerrriie it an i s e e aasasrancaadeansaaanaannn
Strip, Drawn -« +cccven e T N O P I
FlatWirE.Rolled ................... I e T bsasaaranstnerarerrrdencaacdiaiacens
FLAT Flat Wire, Drawn -« -+ s veerneeanan, P S Y N
PRODUCTS Bar,Rolled §f - -+ +vvvevvvnnnnnnn. S T I
Bar' IR T - e L
Sheet § «+ ¢t v ran vt nans e e ke e e A i e e tesetaerarrreadfesraoadeaninan
Plate e [ I
ROD B eccvenrmcnntonnsnnnnas PO N T S
WIRER - oo e e e, RO I
TUBEW| -« cvvervnnrennnn .8 s o.el..... RN :
PIPER .- ccoiniansn TR S e )
SHAPES [} -+ -v v vrieiiininnnnn. O N D PN :
1. DRAWN — GENERAL PURPOSE temper is used 2. HARD DRAWN temper is used 3. LIGHT DRAWN - BENDING temper is
for general purpose tube only, wsually where there only where there is need for a tube used only where a tube of some stiffness, but
is no real requirement for high strength or hurdness on as hard or as strong as is commer- yet capable of readily being bent {or other-
the one hand or for bending qualities on the other. cially feasible for the size in question. wise moderately cold worked) is needed.
Mechanical Properties - Yield Strength Elonga-
Tensile | (5% Ext. tion Rockwatl | Shear Fatigue
Size Strangth | under Load)| {.2% Offsst}| it 2in. | Hardpess | Strength Strength
Form Saction Tempar -
Million
in. ksi ksi kesi % FlBi3oT ksi ksi Cy::lu
e e S ——%
TUBE 1.875in.0D| Light Anneal ..... 42.0 23.0 22.0 30 - = =] ... NP R
X .095in] Soft Anneal .,....[37.0 12.0 11.0 40 - = -l
1,875in.00f Hard Drawn (40%) | 56.0 520 52.0 7 - - =1 ..., RN
X .095in]
3/16in,0D | Light Drawn...... 42.0 310 30.0 35 |- ~ -} ... ces
X.030
g
- The valuas listed cbove reprasant reasonable opproximations sulrable for ganwral sngineering vie, Dua ta © cial variati in position and
; 72 1o manufaciuring limitations, they should not be usad for specification purposas. Sas applicable A.5,T.M. spacificaticn referances.




Composition — percent

COPPER ALLOY No. 194

Mearest Applicable A S T M Specifications
Nominal | Minimum | Maximum
Copper | 97.43 97.0 . Flat Products B465
Iron 24 2.1 2.6 :
Tin | .... .. 03 Fipe
Zinc 13 05 20 Rod
Lead .03 h
Phosphorus .04 015 15 Shapes
Total Other Elements | .... i A5 Tube B543
Wire
Physical Properties
English Units C. G. 8, Units
Melting Point {Liguidus) 1990 F 1090 C
Melting Point (Solidus) 1980 F 1080 C .
Density AiIT W fecu in @68 F 878 gm jeucm @20 C.
Specific Gravity 8.78 8.78

Coefficient of Thermal Expansion
Coeificient of Thermal Expansion
Coefficient of Thermal Expansion
Thermal Conductivity

Electrical Resistivity (Annealed)
Electrical Conductivity* {Annealed)
Thermal Capacity (Specific Heat)
Modulus of Elasticity (Tension)
Modulus of Rigidity

per°F from 6B F to 212 F
per °F from 68 F to 392 F
.00000%C per °F from 68 F to 572 F
150 Btu fsq ft /ft /hr [°F @ 68 F
15 Ohms (circ mil /ft )@ 68 F
65 IACS@ 68 F
092 Btu /Ib°F @ 68 F
17,500,000 psi
6,600,000 psi

per°C from20C to 100 C
per®C from20C to 200 C
0000163 per°C from 20 C {0 300 C
625 cal /sq cm fom Jsec [°C @20 C
2.54 Microhm-cm @20 C
377 Megmho-em @ 20 C
092 cal fgm J°C @20 C
12,300 Kg /sg mm
4,640 Kg /sg mm

*Volume Basis

Typical Uses

Circuit breaker components, contact springs, electrical clamps,

electrical springs, electrical terminals, eyelets, flexible hose,

fuse clips, gaskets, gift hollow ware, plug contacts, rivets and
’ welded condenser tubes

Common Fabrication Processes

Blanking, coining, coppersmithing, drawing, etching, forming

and bending, heading and upsetting, hot forging and pressing,

piercing and punching, roll threading and knurling, shearing,
spinning, squeezing and swaging, stamping

Fabrication Properties

Capacity for Being Cold Worked . ... ......... Excellent Suitability for being joined by:
Capacity for Being Hot Formed ............. Excellent Soildering ... ... vt e Excellent
Hot Forgeability Rating (Forging Brass=100) . . -« . .. .. 65 BIaZIE o\ eir v arit e Excelent
Hot Working Temperature. . . . . 1400-1600 F or 750-875 C Oxyacetylene Welding ... ........ ..o Good
Annealing Temperature. .. . ... 700-1200F or 375-650 C Gas Shielded Arc Welding +...ooonvnnnns Excellent
Machinability Rating (Free Cutting Brass = 100). . ... ... 20 Coated Metal Arc Welding ...... Not Recommended
Spot ........ Not Recommended
Resistance Welding Seam ........ Not Recommended
Butt «..cviiiiiia, Good

The volues listed above represent reasonchle approaimations suitable for paneral engineering use. Due to commercial vorfalions in compesiljon and
to manufocturing limitelians, they should not be used for specification purpeses. See applicoble A5.7.M. specifitation referentes,
(Continued on other side) 73




COPPER ALLOY No. 194 (Continued)

Forms and Tempers Annealed Tempars Rolled or Drawn Tempars Hot
Most Commonly Used Finished
- Toempers
F D
Nominat Grain Size mm a g
T & =
" pomy 0
T 2 a g
— ] c ~ |
sz 3 _fF = B & 55| nfc
c e| £ * B 3 5 8 | ® 2le 35|m
c g 5 ® 0O T & a 0)]= E|=
< - £ = I ] ® E’ & § - =] I3 2
seg8gelzEl 58z 8% E e EoROE[T Ul
"me 838833 | 85 FEFEFE S Slaoels
L S S ——M
Strip, Rolled K. ........ ... .. ... e.a .. ....... ®...... e.. 0.8 .0 . ... .....).... A R
Strip, Drawn §. . ... ..o ittt e e R S T,
Flut Wire, Rolled B. . ... ..o e s e ’. .............
FLAT Flat Wire, Drawn §. . ... ... ... it Y
PRODUCTS Bar, Rolled B. .. ..o i i s et r e st ettt .
L I
F (=L R N AR A
Plate .. ... ..o v e
RODE .. ........... P ettt PO Y H
WIREE ......... ..o ceini, e E e aae e e e et e L. e
TUBER.................. o - o d... 0. I YU a2-.0 - 8..8..... FEY 7 R R
PIPEFR......... A P e L e
SHAPES E....... .. oot e e e e, . - aaas
1. DRAWN - GENERAL PURPOSE temper is used 2, HARD DRAWN temper is used 3. LIGHT DRAWN .- BENDING temper is
for gencral purpose tube only, usually where there only where there is need for a tube used only where a tube of some stifiness, but
is no real requirement for high strength or hardness on as hard or as streng as is commer- yet capable of readily being bent (or other-
the one hand or for bending qoalilies on the other, cially feasible for the size in question. wise moderately cold worked) is needed.
Mechanical Properties Yield Strength Elanga-
‘ Tensile | (6% Ext. tion Hockwalt | Shear Fatigue
Size Strength | under Load)| [.2% Offset}| N2 In. | Hardness | Strength Strength
Form Saction Tempaer . -
Million
in. kst ksi fsi % F l B ]301- ksi ksi I Cycles
L S A —
. FLAT §.025 in. Soft Anneal .. ..... 45.0 v 240 32 - 38 - ... | 160 100
PRODUCTS Light Annea! ...... 50.0 e 30.0 29 - 45 - B
040 in, Half Hard .. ....... 60.0 50.0 53.0 9 — 68 66F ... ..., ...,
Hard ............ 67.0 e 63.0 4 - 73 69 21.0 160
Extra Hard . .., ..., 70.0 RN 67.5 3 - 74 171 e e
Spring . ........., 73.0 e 70.5 2 - 75 12 21.5 100
Extra Spring. . ..... 76.0 e 73.0 2 - 77 i4 20 100
Super Spring . ..... 80,0 e >173.0 > 1 - ->173
TUBE J | in. OD | Soft Anneal .. ..... 45.0 e 24,0 28 - 38 -1 ..o il
X 035 in. | Light Anneal .. .,... 50.0 e 30.0 16 e = T O
AW Hulf Hard .. ... 58.0 RN 53.0 9 - 6l 60 ... ... el
AWHard ......... 65.0 R 63.0 4 - 73 66) ... ..., .l
AW Extra Hard. . ... 70.0 e 67.5 3 = T4 B6B] ..o e e
AW Spring . .. ... .. 73.0 e 70.5 2 - 75 690 ... .... ...
AW Extra Spring . .. 76.0 e 73.0 I e T B S
Light Drawn (15%). . 58.0 PN 550 9 - 61 60 ... |.... ...,
Hard Drawn (35%). . 68.0 RN 66.0 2 - T3 66F ... ). ...

The volues listed cheve represent reascnable opproximations sultable for generol anpinearing use. Dua to commarciol variations in scompeasition and
74 1o munulacturing limitations, thay should not be used for specificotion purposes, See applicable A.5.T.M. spacificaridn references,




COPPER ALLOY No. 195

Composition — percent

Nearest Applicable A S T M Specifications
Nomiral | Minimum | Maximum
Copper ] 97.0 96.0 e
Iron 1.5 I.3 1.7
Tin .6 40 7
Zinc .. 20
Aluminum .02
Lead . . 02
Phosphaorus 10 .08 A2
Cobalt 8 .6 1.0
Total Other Elements 10
* .05 % maximum for any element
Physical Properties .
] English Units C. G. S. Units
Melting Point (Liguidus) 1895 F 190 C
Melting Point (Solidus) 985 F 1085 C
Density 3221bfcu in @68 F 8.92 gm feucem @20C,
Specific Gravity 8.92 B.92

Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Coefficient of Thermal Expansion

per°F from 68 F to 212 F
per°F {rom 68 F to 392 F

0000094 per°F from 68 F to 572 F 0000162

per®°C from20C to 100 C
per®C from 20C to 200 C
per°C from20C to0 300C

47
3.44
293

115 Btu fsq ft /it /hr /'F @ 68 F
20.8 Ohms {circ mil /ft ) @ 68 F
50 % IACS @ 68 F
Btu/Ib°F @68 F

cal fsq cm fem fsec oC @20 C
Microhm-cm @20C
Megmho-cm @ 20 C
cal fem /°C @20 C

Thermal Conductivity

Electrical Resistivity {Annealed)
Electrical Conductivity* (Annealed)
Thermal Capacity (Specific Heat)

Modulus of Elasticity (Tension} 17,300,000 psi 12,150 Kg/sq mm
Modulus of Rigidity - psi Kg /sq mm
* Volume Basis
Typical Uses
Electrical springs, sockets, terminals, connectors, .
clips and other current carrying parts requiring
strength
- . '.
Common Fabrication Processes
Drawing, forming, stamping
Fabrication Properties

Capacity for Being Cold Worked . . . . . . . .. Excellent Suitability for being joined by:
Capacity for Being Hot Formed . . . . . .. .. Excellent SOldErinz .\ v v v e ve e e Excellent
Hot Forgeability Rating (Forging Brass = 100) BrazZing ««c-cvevvnsnssonrcnosssnnns Excellent
Hot Working Temperature, , . .1200-1800F or 650-980 C Oxyacelylene Welding -« + « -« -ocvrnernrarenns Fair
Annealing Temperature . . . . . 750-1100 F or 400-600 C Gas Shizlded Arc Welding - -+ v+ cvnevrrroenss Gon‘d
Machinability Rating (Free Cutting Brass=100) . . . . . 20 Coated Metal Arc Welding «« «vvv-mveerorsens- Fair
POt +evevvrrersainncnanns Fair
Resistance Welding BEAM «---vreetrocssnnanes Good
Butt e Good

The values fistet ubave represent reasonable spproximaticns suiloble for genere! engineering vie. Due 1o commerciol variations in compesitian ond
to monufacturing limitations, they should not be used for specification purposes. See applicable A.S.T.M. specification refesences.
(Continued on other side) 75




COPPER ALLOY No. 195 (Continued)

Forms and Tempers . Annealad Tampers Rolled or Drawn Tempers - Hot |
Mast Commonly Used Finished | | )
[y Tempars
F g
Nominal Grain $ize mm g 13
o 2 T
& s 2
= - s E 8 3 £
- o 3 -
5 8| 2 § . § = £ § §|35 3|E
E < O - 5 & 1 8 Bl 3|k
< o 5 E £ g c 0O O}« £ |5
N R LI N RN E L
BEBEBEEE3| 3555882 32 2|8

Strip, Ralled | r-vr-rvevmmeereen o e

Stl’ip, Drﬂwn ......................................................................... .
F]at wire. Rolied ---------------------------- R R R R R ) 4r e e o IR
FLAT Flat Wire, Drawn § -+~ - - U e B
PRODUCTS Bar, Rolled M - crervrvmrre ittt n e fe e
Bar'Drnwn ................... R IR R T TR RN EEE ]
Sheet ........... R EE R N e R R IEREERAN IEREERE EEREEEE
Piﬂt& .......... borr ke e e ma s P I LTI T T T ..............* ...... [ R ]
ROD ................ IR I T T T T T R irrmera msardranrae i
WIRE P T R R E R e Ve ae e ba s s aaaa s s a g s e daa s s s faeannas
TUBE P e R L L -- ...................................................
P]PE ........................................................................
SHAPES --------------------- * R e b e 4 e b bt e s s d s rasrra st rrrr s rr e e rraedecroar - o .o a e )
1. DRAWN — GENERAL PURPOSE lemper is used 2. HARD DRAWN temper is used 3. LIGHT DRAWN — BENDING temper is
for general purpose tube only, usually where there only where there is need for a tube used only where a tube of some stiffness, but
is no real requirement lor high strength or hardness on as hard or as strong as is commer- yet copable of readily being bent (or other-
the one hand or for bending qualities on the othet, cially feasible for the size in questian. wise moderately cold worked) is needed.
Mechanical Properties ’ Yield Strength Elonga- ,
Tensile | {5% Ext. tion Rockwell | Shear Fatigue
Size Strength | under Load)| {.2% Offsat}| M 2in. [ Hardness |Strength Strength
Form Saction Tempar -
Million
in, ksi ksi ksi % kst ksi Cycles
FLAT 040 in. | Precipitation Heat 80.0 e 65.0 15 - = =, 26.0 100
PRODUCTS Treated
Precipitation Heat 86.0 e 80.0 10 - - -

reated and Cold
Rolled Half Hard
Precipitation Heat 93.0 e 90.0 4 - - =] 290 100
Treated and Cold
Rolled Spring
Precipitation Heat 27.0 e 95.0 2 - - -
Treated and Cold,
Rolled Super Spring )

The values listed ubove repressnt reasenabla appraximaotions witable far general anginearing uie. Dua to commarclal variariom in compasition and
76 to manuiacturing limitations, they should not be used for spacificotion purposss. See applicable A.5.T.M. speclficaticn raferences.




COPPER ALLOY No. 210 (aiLoinG, 95%)

:Cornpos‘rtion — percent
Nearest Applicable A S T M Sgecifications

Nominal { Minimum | Maximum

Flai Products B36,Bl34

Copper 95 94.0 96.0 Pipe
Lead .05
Iron ceas ches 035 Rod
Zinc 5 Remainder Shapes
Total Other Elements e cees 10 Tuhe
Wire B134

Physical Properties

English Units C. G. 5. Units
. Melting Point (Liquidus) 1950 F 1065 C
/ Melting Point (Solidus) 1920 F 1050 C
Density 320 Ibfeu in @68 F 8.86 gm fcucm @ 20C.
Specific Gravity 8.86 8.86
Coefficient of Thermal Expansion per°F from 68 F to 212 F per°C from20C to 100 C
Coefficient of Thermal Expansion per°F from 68 F to 392 F per°C from 20 C to 200 C
Coefficient of Thermal Expansion 0000100 per°F from68 F t0 572 F 0000181 per°C from20C to 300C
Thermal Conductivity 135 Btu /sq ft /ft /hr °F @ 68 F .56 cal /sq cm fem fsec PC @20 C
Electrical Resistivity (Annealed) 18.5 Ohms (circ mil /1 )@ 68 F 3.08 Microhm-cm @20 C
Electrical Conductivity * {Annealed) 56 TIACS @68 F 325 Megmho-cm @20 C
Thermal Capacity {Specific Heat) .09 Btu/lb°F @68 F 09 cal fgm /°C @20C -
Modulus of Elasticity {Tension) 17.000,000 psi 12,000 Kg/sq mm
Modulus of Rigidity 6,400,000 psi 4 500 Kg/sq mm

* Volume Basis

Typical Uses

COINAGE: coins, medals and tokens
MUNITIONS; bulIet jackets, firing pin support shells, fuse caps, pnmers
NOVELTIES. emblems, jewelry, plagues
MISCELLANEQUS: base for gold plate base for v:treous enamel

Common Fabrication Processes

Blanking, coining, drawing, etching, forming and bending, piercing
and punching, shearing, spinning, squeezing and swaging, stamping

Fabrication Properties

Capacity for Being Cold Worked . .. .......... Excellent Suitability for being joined by:
Capacity for Being Hot Formed . ............... Good Soldering. . .« o i e Excellent
Hot Forgeability Rating (Fo:ging Brass=100) .......... Brazing ... viiin i Excellent
Hot Working Temperature . ... 1400-1600F or 750-875 ¢ Oxyacetylene Welding + .. oo v vveveenoe.. Good
Annealing Temperature .. ....800-1450F or 425-800 C Gas Shielded Are Welding +« .+ oo vvvunn,vn. Good
Machinability Rating (Free Cutting Brass=100) ...... 20 Coated Metal Arc Welding ..... Not Recommended
. Spot «....... Not Recommended
Resistance Welding Seam........ Not Recommended
Butt .....voiiiii i Good

The valuet listed chave represent reczancble approximalions suitable for general engineeting use. Due 1o eommercial varialiont in camposition and
1o monufocturing limitaticns, they shovld not ke used for specificatian purposes. See opplicable A.5.T.M, specification references,

{Continued or cther aide} 77




COPPER ALLOY No. 210 (continued)

Forms and Tempers Annealed Tempers Rolled or Drawn Tempars Hot
Most Commonly Used I Finishad \
H 8 - Tempers
% fu
Nominal Grain Siza mm g. 2
T £
£ B . O §
- T - g g ¢ ! 2
i 8|3 = 5 T £aé 5 5|3 EiE
c )] § T ¢ 3 5 | 8 Bl&E Hi{k
§<|: 5 2 9 T .% (&8 8y £z
seasgels i 2 55 Bz osFEozE|IT OO
R5 8885385838 2 F F58E 482 3|2 2|8

——

FLAT
PRODUCTS

1. DRAWN — GENERAL PURPOSE temper is used

Strip, Rolled
Strip, Drawn
Flat Wire, Rolled
Flat Wire, Drawn
Bar, Rolled

Bar, Drawn
Sheet

Plate

ROD

WIRE

TUBE

PIPE

SHAPES

......................

......................

2. HARD DRAWN temper is used

.......................................

.......................................

....................

.............

3. LIGHT DRAWN - BENDING temper is

only where there is need for a tube
ns hard or as strong 2§ is CommEr-
cially feasible for the size in question,

used only where n tube of some stiffness, but
yet capable of readily being bent (or other-
wise moderately cold worked) is needed.

for general purpose tube only, usually where there
is no real requirement for high strength or hardness on
the one hand or for bending qualities on the other.

Mechanical Properties Yield Strangth Elanga-
Tensila | (5% Ext. tion Rockwoll Shear Fatigua’
Size Swength | under Load)| 2% Offsat}| In2i0. | Hardness |Strength Swangth
Form Saction Tamper , .
Million
in. kst kesi | 3] % Fl ] ISOT ksi ksi | Cyclas
——— T —— S —
ROLLED 040 in. 050mm. ......... 34,0 10.0 45 446 -~ - e
STRIP 035mm.......... 350 110 43 52 - 47 280
Gl5mm,......... 38.0 14.0 42 60 - 15| 300
Quurter Hard . .. ... 42.0 320 25 -- 38 44] 320
Half Hard . ........ 48.0 40.0 12 — 52 54} 340
Hard ............ 56.0 50.0 5 - 64 60| 370
Extra Hard........ 61.0 55.0 Ce 4 - 70 641 39.0
Spring ........... 64.0 58.0 . 4 - 73 66| 400
The values listed above represent r ble upproximotions sultable for general enginssring use, Due to commaercial variarions in compesition and
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te manulacturing limitations, they shovld not by uied for specificolion purposes. See applicobie A.5,T.M. specificaticn raferences.




COPPER ALL.OY No. 220 (coMMERCIAL BRONZE, 90%)

Composition — percent
Nearest Applicable A S TM Specifications

Nominal | Minimum | Maximum

Flat Products Bls6, B130, B131, B134

Copper 90 89.0 91.0 Pipe
Lead e caen .05 Rod ~
Iron cee e 05 .
Zine 10 Remainder Shapes BI30, B13l
Total Other Elements Cea Cees 10 Tube B135, B372 ,
Wire Bi134

_ Physical Properties

English Units C. G. 5. Units
Melting Point (Liquidus) 1910 F 1045 ¢
Melting Point (Solidus) 1870 F 1020 ¢ .
Density 3i8 lb/cu in @68 F 8.80 gm feucm @20C.
Specific Gravity B.80 8.80
Coefficient of Thermal Expansion per °F from68 F to 212 F " per®C from20C to 100 C
Cocfficient of Thermal Expansion per°F from 68 F to0 392 F per*C from20C to 200 C
Coefficient of Thermal Expansion .0000102 per°F from68 F to 572 F .0000184 per=C {from 20C to 300 C
Thermal Conductivity 105 Btu /sq ft /ft /hr [°F @ 68 F .45 cal fsgem jem fsec FC@20C
Electrical Resistivity (Annealed) 23.6 Ohms (circ mil /ft )@ 6B F 3.92 Mierohm-cm @20 C
Electrical Conductivity* { Annealed) 44 %IACS @68 F .255 Megmho-em @320 C
Thermal Capacity {Specific Heat) .09 Btu/lbF @68 F 092 cal fgm /°C @20C
Modulus of Elasticity (Tension) 17,000,000 psi 12,000 Kg/sg mm
Modulus of Rigidity 6,400,000 psi 4,500 Kg/sq mm

* Volume Basis

Typical Uses

ARCHITECTURAL: etching bronze, grillwork, screen cloth, weatherstripping
(} 1,y COSMETICS:  compacts, lipstick cases .
g Df().; HARDWARE: escutcheons, kick plates, line clamps, marine hardware, rivets, screws,
- screw shells
MUNITIONS: primer caps, rotating bands
MISCELLANEOUS: costume jewelry, ornamental trim, screen wire, vitreous enamel base

Commeon Fabrication Processes

Blanking, coining, drawing, etching, forming and bending, heading and
upsetting, hot forging and pressing, piercing and punching, roll thread-
ing and knurling, shearing, spinning, squeezing and swaging, stamping

fFahrication Properties

Capacity for Being Cold Worked ........... +....Excellent Suitability for being joined by:
Capacity for Being Hot Formed ................... Goad Soldering. . ......ooiiiniiiiiiinan, Excellent
Hot Forgeability Rating (Forging Brass=100) ,........... Brazing .. ...t s Excellent
Hot Working Temperature .., 1400-1600 F or 750-875 C Oxyacetylene Welding .................. Good
Annealing Temperature ... ... . 800-1450 F or 425-800 C Gas Shielded Arc Welding . ............... Good
Machinability Rating (Free Cutting Brass=100)......... 20 Coated Metal Arc Welding .. ... Not Recommended
Spot ........ Not Recommended
Resistance Welding Seam........ Not Recommended

Butt ... e Good

The values listed ghove represent remsonable appreximations suitsble for generol engineering vie. Bue 10 cammercigl variations in compasition end
to monufosturing limliglions, they should nor be vied for specification purposes, See opplicoble A,5.7.M. specificatian references.

{Continued on other side) : 7 9




COPPER ALLOY No. 220 (continued) -

Forms and Tampers Annnaled Tempers ’ Rolisd or Drawn Tempers ) Hot

Most Commonly Used Finined| | )
- Tempers
g &
Nomina! Grain Size mm a z
T £ B
z E . @ ¢
= ) ™~ |
- o B e~ k] B
i3 3,5 = EFog§ iz il
g2 38 2 &l F 5% il
s & e B ]
ssgmmagﬁé‘;é-—-g?ﬂ'?%%‘-’ff&"’
RS 483 9533854 3F F 2 LK 3558 3|2 218
Strip,Rolled § «--- - 2 . &.0-%...-.. NI RN TR & -8 0:a EETERE PR e e
Strip, Drawn § ----- Fetereraanann P S LS R . baarese
FlatWi_re’RQued .............. B P et e e b i E e e e b e [ [ fr e e )
FLAT Flat Wire, Drawn ff - -« - - Y N T IS I AP e rasaneasr i ncssansrafiara el aen )
PRODUCTS Bar,Rolled § -+ -...v.. PR N T )
Bar,Drawn g «c v inv e Cera e P ara e PR e
Sheet § .. ..... Y T T Y [ PP, het At e e REEE B IR )
Plate B +++v o000 [ R e B cr et e e s e i e s F R R :
RODE ----...... B T T e T cheraas )
WIREY] -.+.-..... (YRS TR I S TP R NN T T
TUBE Y -.... Cee gt e b esaeniaaaaa s P SN YT I I
PIPEY ........ e s eaenn 1S S [P . >
SHAPES | -+ - tiininerrrierninldeecenneneanionneeninennrssnansnennennondereess . A
1. DRAWN — GENERAL PURPOSE temper is used 2. HARD DRAWN temper is used 3. LIGHT DRAWN - BENDING temper Is
for general purpose tube only, usually whese there only where there is need for a tube used only where 3 tube of some stiffness, but
is no real requirement for high strength or hardness on as hard or as strong as is commer- yet capable of readily being bent (or other-
the one hand or for bending qualitics on the other. cielly feasible for the size in guestion, wise modesately cold worked) is needed.
Mechanical Properties Yiald Strangth Eionga-
Tengile (5% Ext, tion Rockwall Shear Fatigua
Size Strength { under Load){ {.2% Otfset}] M 2in. | Hardness | Strength Strength
Form Saction Temper Mitlion
in. ksi ksi ksi % ksi ksi Cycles
FLAT .040in. {050mm ......... 37.0 10.0 45 53 - 6| 28.0
PRODUCTS 035mm ......... 38.0 12.0 . 45 57 - 12! 30.0 i
025mm ... ..., 390 14.0 NN 44 60 - 16( 31.0 -
OlSmm ,........ 41.0 15.0 RN 42 65 - 26] 32.0
Quarter Hord . ... .. 45.0 35.0 e 25 - 42 44| 33.0
Half Hard .. ....... 52.0 45.0 RN il - 58 56| 35.0
Hard ........... . 61.0 54.0 ceen 5 - 70 63) 380
Extra Hard........ 67.0 58.0 . 4 = 75 67| 40.0 Cee e
Spring ........ s 72,0 62.0 . 3 - 18 69 42.0 210 i5
.250in., [.035mm ,.... . 380 12.0 . 50 57 - - 300 cees e
Half Hard ... .,.... 52.0 45.0 15 - 58 -\ 350 . N
040 in, |[As Hot Rolled . . ... 39.0 | 14,0 et 44 (60 - —~{ 310 | .... . )
.250in, }As Hot Rolled ..... 37.0 10.0 vaae 43 53 - -] 2840 e .
’f‘ihﬁ WIRE O80in. {035Smm ......... 40.0 50 - - -] 300
il 015mm ......... 42.0 48 |- - ~-1 320 .... ...
: Eighth Hard .. ..... 440 27 - -~ =1 330
Quarter Hard ...... ‘1 500 13 - - =1 340
Half Hard , ... .. 60.0 6 - - =1 370
Hard ............ 74.0 e P 4 - - -—-| 420 230 100
Extra Hard ....... §3.0 3 - - = (...
Spring ........... 90.0 3 - - -
TUBE 41.0in.OD|035mm ......... 38.0 12.0 . 50 57 - 12
: X .065 in jHard Drawn (35%). . 60.0 53.0 . 6 - 69 62
ROD .500in, |035mm ........ 40.0 50 55 - -1 320
Eighth Hard . ...... 45.0 25 - 42 - | 33.0

Tha valuas listed akove raprasent reasonable approximations switabla for ganeral engineering use. Bus to commarcial variotions in compaesition and
80 to manvfocturing limltatlons, they should nat be vsed for specification purposss, See applicable A.5.Y.M. spacificaticn referances.




COPPER ALLOY No. 226 (JeWELRY BRONZE, 87%%)

Composition — percent
Nearest Applicable A S T M Specifications

Nominmal | Minimum | Maximum
Copper 87.5 86.0 89.0
Lead .05
Iron v R .05
Zinc 12.5 Remainder
Total Other Elements veen RN .15
Physical Properties
. English Units J C.G. S, Units
Melting Point (Liquidus) 1895 F 1035 C
Melting Point {Solidus) 1840 F 1005 C '
Density 317 lbfeu in @68 F .78 gm fcucm @20 C,
Specific Gravity 8.78 B.78
Coefficient of Thermal Expansion per®F from 68 F to 212 F per°C from20C to 100 C
Coeflicient of Thermal Expansion per®°F from68F to 392 F per®°C from 20 C to 200C
Coefficient of Thermal Expansion 0000103 per°F from 68 F to 572 F .0000186 per®C from20C to 300C
Thermal Conductivity 100 Btu fsq ft /ft /hr /°F @ 68 F 41 cal fsq cm fem fsec PC®@20C
Electrical Resistivity {Annealed) 25.9 Ohms (circ mil /it )@ 68 F 4.31 Microhm-cm @20 C
Electrical Conductivity* { Annealed) 40 % IACS@6B F 232 Megmho-cm @ 20 C
Thermal Capacity (Specific Heat) .09 Btu /Ib°F @68 F .09 cal fgm f°C @20 C
Modulus of Elasticity (Tension) 17,000,000 psi 12,000 Kg fsqg mm .
Moduius of Rigidity - 6,400,000 psi 4,500 Kg /sg mm
* Volume Basis
Typical Uses
U'\?JARCHITECTURAL: angles, channels
HARDWARE: chain, eyelets, fasteners, slide fasteners
NOVELTIES: compacts, costume jewelry, emblems, etched
articles, lipstick containers, plaques
MISCELLANEQUS: base for gold plate

Common Fabrication Processes

Blanking, coining, drawing, etching, forming and bending, head-
ing and upsetting, piercing and punching, rol! threading and
knurling, shearing, spinning, squeezing and swaging, stamping

Fabrication Properties

Capacity for Being Cold Worked. .............. Excelient
Capacity for Being Hot Formed ....... rere e Good
Hot Forgea%ility Rating (Forging Brass = 100)..ccouonnens

Hot Workirg Temperature . . ., .. 1400-1650 F or 750900 C
Annealing Temperature, ........ 800-14D0 F or 425-730 C
Machinability Rating (Free Cutting Brass=100) ........ 30

Suitability for being joined by: -

The values listed abeve represent reasonatle cprroximations sultoble far ganeral enginesring wis. Duwe 16 commercial variations in camposition ond
ta manufecturing limitations, they thovld not be used for specification purperes. Sew applicoble A.5.T.M. specification refarences.

Soldering. . ! s .. vii it et Excellent
Brazing ................. et Excellent
Oxyacetylene Welding -« oo v vvnn. e Good

Gas Shielded Arc Welding. ... ovvv i vnnn. e Good
Coated Metal Arc Welding. . . .. . Not Recommended

o] +Ta ) Fair

Resistance Welding Seam.........Not Recommended
Butf ...........oiinnn Good
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Forms and Tempers
Most Commonly Used

Strip, Rolled
Strip, Drawn
Flat Wire, Rolled
Flat Wire, Drawn
Bar, Rolled

Bar, Drawn
Sheet

Plate

ROD

WIRE

TUBE

PIPE

SHAPES

FLAT
PRODUCTS

COPPER ALLOY No. 226 (continued; -

Annsaled Tampars Raolled or Drawn Tempaers Hot
Finishad L
5 . Tampers
a <
Nominal Grain Size mm g E
2 H K
. E @
s & =8 1lyg |k
T 8| T § £ g 8§ ¢ 5|5 R|E
Eelas 2235 § 29 8 Ble z|e
s 2| &8 £ © T ) e 8 O« £|s
segaeelsE[2 8z Bz g fEie (ol
R 8833|888 32 E X FE L F T2 28
..... . .‘1. .---c--m -' '.-v. . ' .. ..--------------- R CC R B )
....................... .. '.-.----....----.--4.....-.--..-----..........
..... . .--'..-------l---q--.------..-v~-.y----~-a--------—vw...q..-.-----
..... [P I I FEEEEERLE Il X FEEEEY TEEEYY TR My Sy

3. LIGHT DRAWN — BENDING temper i3

A
- .

1. DRAWN — GENERAL PURPOSE temper is used
for general purpose tube only, usually where there
is no real requirement for high strength or hardness on
the one hand or for bending qualities on the other,

2, HARD DRAWN temper is used
only where thete is need for a tube
as hard or as strong as is commer-
cially feasible for the size in question,

yet capable

Mechanical Properties Yiald Stangth Elonga-
Tansile {.5% Ext. tion Hockwa!l
Size Strangth | under Load)] (2% Offset)| in2in. [ Hardness
Farm Section Tamper
in. Wi fosi ksi % F | B |30T
A

FLAT B.040in. 050mm ,........ 39.0 11.0 46 58 -~ -
PRODUCTS 035mm ......... 40.0 13.0 45 59 - -
025mm ,........ 420 15.0 44 64 - -

O15mm ,........ 44.0 16.0 42 68 - -

Eighth Hard ...... N

Quarter Hard .. ..., 47.0 37.0 25 - 47 -

Half Hard .. ....... 540 47.0 12 - 61 -
Hard............. 66.0 56.0 e 5 - 73 -

Extra Hard........ 72.0 60.0 cean 4 - 78 -

Spring. . .......... 75.0 62.0 e 4 - B2 -

WIRE §.080in, 050mm ......... 40.0 e s 44 - - -
035mm ......... 41.0 18.0 42 - - =

025mm ......... 43.0 RN 40 - - -

O15Smm . ....,... 45.0 18.0 38 - - -

Eighth Hard . . ., ... 47.0 26 - - -

Quarter Hard. ... ... 56.0 12 - - -

Half Hard .. .. .. ... 68.0 7 - 70 -

Hard ............ 83.0 . 5 - - -

Extra Hard . .. ..... 29.0 4 - - -

Spring ........... 97.0 3 - - -

used only where a tube of some stifiness, but

of readily being bent (or other-

wise moderately cold worked) is needed.

Shaar
Strengis

Fatigua
Strength
Miklion

ksi ki Cycles

29.0 caas
30.0 caes caes
31.0 ceen caes
32.0 e

34.0
36.0
40.0
42.0
44.0

29.0
30.0
3i.0
32.0
34.0 .
36.0
40.0

The values listad above represent reaionable approximations suitable far genaral anginesring vie. Due 10 commerelal variations in campasition and
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.10 manufaciuring limitaticns, they should not ba used for specificatlon purposes, Ses opplicabla A.5.T.M. specification refacencas,
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COPPER ALLOY No. 230 (rep 5rass, s5%)

Composition — percent

(qu -8 -¢26 y-v)
Nearest Applicable A S T M Specifications,

Nominal Minimum‘ Maximeum
ERSEIRE
Flat Products B36,B134
Copper 85 §4.0* 86.0 .
Lead 05+ Pipe B43
Iron s 05 Rod
Zinc 15 Remainder Shapes
Total Other Elements 13 Tube | BI11,B135, B359. B395, B543
* For pipe and tube, the copper limit may be 83.0 Wire | B134
percent minimum; and the lead .06 percent maximum
Physical Properties ]
English Units C. G. 5. Units
Melting Point (Liquidus) 1880 F 1025 ¢
Melting Point {Solidus) 1810 F 990 ¢
Density 316 Ib feu in @68 F 875 gm Jcucem @20 C.
Specific Gravity 8.75 8.75

Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Thermal Conductivity

Electrical Resistivity (Annealed)
Electrical Conductivity* {Annealed)
Thermal Capacity (Specific Heat)

0000104
g2

28.0

37

05

per°F from 68 F to 212 F
per°F from68 F to 392 F
per*F from 68 F to 372 F

per®C from 20 C to 100 C
per®*C from20C to 206 C
0000187 per®C from20C to 300 C

Btu /sq ft /ft fhr /°F @68 F .38 cal fsg cm fem fsec P C @20 C

Ohms (circ mil /ft ) @68 F

%IACS @68 F
Btu /b °F @68 F

4,66 Microhm-em @20C
215 Megmho-cm @20C
09 cal jem /°C @30 C

Modulus of Elasticity (Tension}
Modulus of Rigidity

* Volume Basis

ARCHITECTURAL:
ELECTRICAL:
HARDWARE:
INDUSTRIAL:

PLUMBING:
MISCELLANEQUS:

17,000,000 psi :
6,400,000 psi 4,500 Kg/sq mm

12,000 Kg/sq mm

Typical Uses

etching parts, trim, weatherstrip

conduit, screw shells, sockets

eyelets, fasteners fu'c extinguishers

condenser and heat exchanger tubes, flexible hose pickling
crates, plumbing pipe, pump lines, radiator cores

J-bends, pipe service lines, traps

badges, compacts, costume jewelry, dials, etched articles,
lipstick containers, nameplates, rouge boxes, tags

Common Fabrication Processes
Bianking, coining, drawing, etching, forming and bending, head-
ing and upsetting, piercing and punching, roll threading and
knurling, shearing, spinning, squeezing and swaging, stamping

Fahrication Properties

Capacity for Being Cold Worked. ............ ... Excelient Suitability for being joined by:
Capacity for Being Hot Formed . .................. Good Soldering. . ... ..ot i Excellent
Hot Forgeability Rating {Forging Brass=100).........-.. Brazing ......cciiiiiiiniiiinannas Excellent
Hot Working Temperature ... .. 1450-1650F or B00-900 C Oxyacetylene Welding . ................. Good
Annealing Temperature, ........ B00-1350F or 425-725 C : Gas Shielded Arc Welding. . . ... enunn. Good
Machinability Rating (Free Cutting Brass= 100} ....... 30 Coated Metal Arc Welding. .. ... Not Recommended
Spot ... e Fair
Resistance Welding Seam........ Not Recommended
Butt ..ovvvrinvnnnenenans Good

The volues listed obove represent reasonchle sparoximotians suitgble for genera! engineering vse. Due 10 commercial variations in composition cad
1o manufacturing limitations, they should not ke vied for specificolion purpores. See opplicable A.5.T.M. specification references.

(Continued on other aide} . ' 83




COPPER ALLOY No. 230 (Continued)

Forms and Tempers
Most Commonly Used

Strip, Rolied
Strip, Drawn
Flat Wire, Rolied
Flat Wire, Drawn
Bar, Rolled

Rar, Drawn
Sheet

Plate

ROD

WIRE

TUBE

PIPE

SHAPES

FLAT
PRODUCTS

1. DRAWN — GENERAL PURPOSE temper is used
for general purpose tube only, usually where there
is no real requirement for high strength or hardness on
the one hand or for bending qualities on the other,

Annsalad Tampers

Nominal Grain Siza mm

Soft Anneal
Light Anneal
Eighth Hard
Quarter Hard

1, HARD DRAWN temper is used
only where there is need for a tube
as hard or as strong as is commer-
cially feasible for the size in question,

Rolled or Drawn Tempers

Halt Hard
Extra Spring

Threa Quarter Hard

Drawn — General Purposa (1)

Hard Drawn (2)

Hot _ )
Finishad PR
Tempers
o
g
=
1=
@
iy |k
il Y|E
Bl 3|k
O1s |3
.'é 2 O3
Fla 2%

3. LIGHT DRAWN - BENDING temper is
used only where a tube of some stiffness, but
yet capable of readily being bent (or other-
wise moderately cold worked) is needed.

°  Mechanical Properties Yield Strength Elongs-
Tensile | (5% Ext. tion Rockwsell | Shear Fatigue
Size Strangth ] under Load}] (.2% Offsat}] in2in. | Hardness |Strangth Strangth
Form Section Tamper
Million
in, ksi ksi ksi % ksi ksi Cycles
FLAT 040in. |070mm ......... 39.0 10.0 48 56 - 10} 310 e
PRODUCTS 050mm ......... 40.0 12.0 . 47 59 - 14l 310 .
035mm ......... 41.0 14.0 . 46 63 - 22| 31.0 .
025mm ......... 430 16.0 . 44 66 - 28] 32.0
015mm ..,...... 45.0 18.0 . 42 71 -~ 38) 33.0 .
Quarter Hard . ., ... 50.0 39.0 25 ~ 55 54| 350 .
Half Hard .. ....... 570 49.0 12 - 65 60) 37.0 . .
Hard ......... - 70.0 57.0 5 - 77 68 42.0 . .
ExtraHard ....... 78.0 61.0 4 - 83 72| 44.0 . . _
Spring ........... 84.0 63.0 3 ~ B6 74] 46.0 . e )
WIRE 08CGin. }.035mm ......... 41.0 48 - - =—{ 310 e
" 025mm ....... .| 430 e b= = =320 . L
vy Ol5mm .. ....... 45.0 ceei | == =} 330} ... Ll
EighthHard ....... 50.0 25 - - ={ 350 20.0* 100
Quarter Hard _ .. ... 59.0 Ve 11 - - -] 380 e e
Half Hard ........ 72.0 . . 8 - = =1-430 A cas
Hard ............ 88.0 R . [ - - - 48.0 .
Spring, . .......... 105.0 - - =] 540
TUBE g1.0in, OD[.050mm ......... 40.0 12.0 55 60 —~ 15
X.065inf.05mm ......... 44.0 18.0 P 45 71 - 38 . . .
Light Drawn {15%). . 50.0 40.0 e 30 - 55 54 .
Hard Drawn (35%). . 70.0 58.0 8 - 77 68
PIPE }3/4in, SP5.015 mm ......... 44.0 18.0 45 71 - -
* Rotating beam tests on rod.
The values listad obave reprasent reasonable approximations witchls for gansral enginesring yss. Due 10 ¢lol vari in position and B
84 to mapufaciuring limlrations, they should not ba usad for specification purpoiss. Sea applicable A.5.T.M, specificatidn refarencan.
/l‘ !
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COPPER ALLOY No. 240 (rowBRrass, 80%)

Composition — percent
Nearest Applicable A 8 T M Specifications

Nominal | Minimum | Maximum

Flat Products B36,B134

Copper 80 78.5 81.5 Pipe
Lead PRP e 05 Rod
Iron . e 05
Zinc 20 Remainder Shapes
Total Other Elements - N 15 Tube
Wire B134

Physical Properties

English Units C. G. §, Units
Melting Peint {Liquidus) 1830 F 1000 C
Melting Point (Solidus) 1770 F 865 C
Density 313 lbj/cu in @68 F 8.67 gm feuem @20 C.
Specific Gravity B.67 8.67
Coefficient of Thermal Expansion per°F from 68 F toa 212 F per°C from20C to 100 C
Coefficient of Thermal Expansion per®F from 68 F to 392 F per®C from20C to 200 C
Coefficient of Thermal Expansion 0000106 per°F from 68 F to 572 F 0000191 per°C from20C to 300C
Thermal Conductivity 81 Btu fsq ft /ft /hr J°F @ 68 F .33 cal fsq cm Jem fsec PC @20 C
Electrical Resistivity (Annealed) 324 Ohms (circ mil /it )@ 68 F 5.39 Microhm-cm @20C
FElectrical Conductivity* (Annealed) 32 %IACS@68 F 186 Megmho-cm @20C
Thermal Capacity (Specific Heat) 0% Btu/Ib°F @68 F 0% cal fgm /°C @20 C
Modulus of Elasticity (Tension) 16,000,000 psi 11,200 Kg /sq mm
Modulus of Rigidity 6,000,000 psi . 4,200 Kg /sq mm

* Yolume Basis

Typical Uses

ARCHITECTURAL: ornamental metal work, medallions, spandrels
ELECTRICAL: battery caps .
INSTRUMENTS: bellows, musical instruments
HARDWARE: clock dials, flexibic hose, pump lines, tokens

Cormmeon Fabrication Processes

Blenking, drawing, etching, forming and bending, heading
and upsetting, piercing and punching, roll threading and
knurling, shearing, spinning, squeezing and swaging, stamping

Fabrication Properties

Capacity for Being Cold Worked. . . ........... Excellent Suitability for being joined by:
Capacity for Being Hot Formed .. ............... Fair Soldering. . ........ Chrieereae s Excellent
Hot Forgeability Rating (Forging Brass=100) .......... Brazing ...t iiiiinian, Excellent
Hot Working Temperature | ... 1500-1650F or 825-900 C Oxyacetylene Welding ............o0nt. Good
Annealing Temperature . ...... 800-1300F or 425-700 ¢ Gas Shielded Arc Welding. .............. Good
Machinability Rating (Free Cutting Brass= 100} ....... 30 Coated Metal Arc Welding. . . . Not Recommended
SPOt cev i Fair
Resistance Welding Seam...... Not Recommended
2 17T & Good

The volues listed obove represent reasonebls opproximstions svitohle for general engineering use. Due to rommercial variatians in composition and
1o monvkocturing limitations, they should not ke vsed for specification purppses. See applicoble A,5.T.M. specification references.

{Continued on other side} 85




COPPER ALLOY No. 240 (continusd)

Forms and Tempers
Most Commonly Used

Nominal Grain Size mm

Strip, Rolled
Strip, Drawn
Flat Wire, Rolied
Flat Wire, Drawn
Bar, Rolled

Bar, Drawn
Sheet

Plate

ROD

WIRE i

TUBE{ ....

PIPE

SHAPES

FLAT
PRODUCTS

i. DRAWN — GENERAL PURPOSE temper is used
for peneral purpose tube only, usually where there
is no rew requirement for high strength or hardness on
the one hand or for bending qualities on the other,

Anngaled Tampars

Soft Anneal
Light Anneal
Eighth Hard
Quarter Hard

Hatf Hard
Three Quarter Hard

Rolied or Drawn Tempars

Hot ‘ )
Finished L
Tempers

Drawn — Genaral Purposa (1)
Light Drawn — Bending (3)

~
= z £ %35
= (= o | e
2 @ £ T Z|E
-] a 8 %138
AR R RN
& 2 33&

Y P O o - W IRy IR TR DN
....... . T Y I Oy e
e e S
.................................................................
..... T I I I I T o e
........................ Iy
------------ L L R R R A LT B BT I BE E + L LR ] LR N ) -

2. HARD DRAWN icmper is used
only where there is need for a tube
as hard or a3 strong as is commer-
cially feasible for the size in question.

3. LIGHT DRAWN — BENDING temper is
used only where a tube of some stiffness, bul
yet capable of resdily being bent {or other-
wise moderately cold worked) is needed.

Shaar
Strangth

Fatigue
Strength

Rockwall
Hardness

Mechanical Properties Yiald Strength Elonga-
' Tensile | {6% Ext. | . tion
Size Strangth | under Load)| {,2% Offset)| in2in.
Form Saction Tempar Mitlion
in, kst ksi ksi % F [ g ‘30T ksi ksi l Cycles
wm__m

FLAT § .040in. 070mm ......... 420 12.0 52
PRODUCTS 050mm ......... 44.0 14.0 50
035mm ......... 46.0 15.0 48
025mm ......... 48.0 17.0 47
MSmm ..., .. 50.0 20.0 . 46
Quarter Hard . .. ... 53.0 40,0 30
Half Hard ......... 61.0 50.0 18
Hard ............ 74.0 59.0 7
Spring ........ . 21.0 63.0 3
WIRE § .080 in, 050mm ......... 44.0 e 55
035mm ......... 46.0 v 50
Ol5Smm ......... 50.0 47
Eighth Hard . ... ... 56.0 27
Quarter Hard . ... .. 68.0 SN . 12
HalfHard......... 82.0 e ceas 8
Hard ............ 167.0 5
ExtraHard........ 116.0 e . 4
Spring ........... 125.0 3

57 = B oo f .. el

61 - 16| 32.0

66 ~ 28 .

69 - 32| ....

75 - 42| 330

~ 55 54| 360

- 70 64| 390

- 82 71} 430 ... ...

- 91 77| 480 | 240 20
— - -] 320 L)
- - ~| 330

- - =] 370

-~ - -1 420

- - | 470} ... ...

- - -| 530| 230 100

- - -| 600 260 100

The values listed above rapresent reasonable approximaotians sultable far general engineering use. Due to commarcial voriations In composition and

86

to manufacturing limitations, they should not be used for specification purpoies. See applicable A.5.T.M. specificotidn refarences.
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COPPER ALLOY No. 260 (cARTRIDGE BRASS, 70%)

5y

S

iy

.i.:

e e B0

i

Composition — percent

Nearest Applicable A $§ T M Specifications
MNominal | Minimum | Maximum
Flat Products B19,B36,B134
Copper 70 68.5 71.5 Pipe
Lead .07 Rod
Iron RN . 03
Zinc | 30 Remainder Shapes | B129
Total Other Elements | .. 15 Tube § B135
Wire Bl34
i erties
PhYSICElf Ppo English Units C. G. 5. Units
Melting Point (Liquidus) 1750 F 955 (¢
Melting Point (Solidus) 680 F 915 C .
Density J308 b fecu in @68 F 8.53 gm jcucm @20 C.

Specific Gravity

Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Thermal Conductivity

Electrical Resistivity {Annealed)
Electrical Conductivity* {Annealed)

8.53

.0000111
70

3.0

28

per°F {from 68 F to 212 F
per°F from 68 F to 392 F
per°F from68 F to 572 F

Btu /sq ft /ft /v /°F @ 68 F
Ohms (circ’ mil /ft )@ 68 F

%BIACS@68F

8.53

0000199

.29
6.16
162

per®*C from20C to 100 C
per°C from 20 C 1o 200 C
per°C from 20 C to 300 C
cul /sq cm Jem fsec FC@20C
Microhm-em @20C
Megrmho-cm @ 20 C

Thermal Capacity (Specific Heat) .09 Btu/Ib°F @68 F .09 cal fjgm /°C @20 C
Modulus of Elasticity (Tension) 16,000,000 psi 11,200 Kg /sq mm
. Modulus of Rigidity 6,000,000 psi 4,200 Kg /sqg mm
* Volume Basis
Typical Uses
ARCHITECTURAL: grillwork
AUTOMOTIVE: radiator cores and tanks
ELECTRICAL: flashlight shells, lamp fixtures, reflectors, screw shells, socket shells
HARDWARE: bead chain, chain, eyelets, fasteners, grommets, finish hardware
articles (hinges, kick plates, locks, push plates, etc.), stencils
INDUSTRIAL: pump and power cylinders and liners
MUNITIONS: ammunition components
PLUMBING: plumbing accessories, plumbing brass goods

WIRE:

pins, rivets, screws, springs
Common Fabrication Processes

Blanking, drawing, etching, forming and bending, heading and upsetting,
piercing and punching, shearing, spinning, squeezing and swaging, stamping

Fabrication Properties

Capacity {or Being Cold Worked ................ Excellent Suitability for being joined by:
Capacity for Being Hot Formed . ... ....ocovevnnnn... Fair T GOl dBriNE. v e e Excellent
Hot Forgeability Rating (Forging Brass=100) ............ RATEBIAZINE « v e et v teesseee e Excellent
Hot Working Temperature . . ... 1350-1550F or 725-850 C Aoa; Oxyacetylene Welding . ... .ooovvnnnnn... Goad |
Annealing Temperature ... ..... B0OO-1400F or 425-750 C wig; 6, Gas Shielded Arc Welding. .. ............... Fair 2
Machinability Rating (Free Cutting Brass= 100} ,........ 30 ° " _{, Coated Metal Arc Welding. . .. .. Not Recommended =

4 ’/1 Spot ... Good

Resistance Welding Seami........ Not Recommended

Butt

................... Good

The volues lisled above represent reasonoble gpproximations suitoble for genetal engineeting use, Bue 10 commercial voriations in compotitien and
to manufocturing mitations. they thould nat ke wsed far specification purposes. See applicoble A.5.T.M. specification references.,

{Cantinued on olker side)




COPPER ALLOY No. 260 (Continued)

Forms and Tempers Annasled Tempers Rolled or Drawn Tempars - " Hot

Most Commonly Used Finished !
- Tempaers
3 o)
Nominal Grain Siza mm g &
T a -
£ o, @
5 -] & g g 2 | ] i
s 8] P &5 t s = c|=
F8iE2 .3 3 9% 3| ils
HERER R R EEIENIE
sRgegels Bl 2 55 B £ £ 8 OE(foug
Re8888|35] 835 3F€EFE&5E F 2| 2|8
Strip,Rolled il @ . 9. -0- @8- ®. ®-.-...]..... P S CEEE N TET R s R,
Strip, Drawn § .. ... e s e e e
Flat Wire, Rolled § @ -9 - @- @+ -« cocovevrafinaant. @ L P T Y O e
FLAT Flat Wire, Drawn § ... ... @ e B L S
PRODUCTS Bar,Rolled f @ -@ - ..o oo et Y Y I
Bar, Drown B .o .o e e i i e s s e Pt P
Sheet § . - @ @ @ -«vovivnvcaadeuann. TR S Y
R P T T T T T (T R PO
RODE-..--- L T B T U S IS
WIREE ...... PR TON TR TP N TP L N Y IO
TUBE X --.... [ Y L e e e e L Tt R
PIPEQ - i o N Y (A '
SHAPES B - - oo e e
1. DRAWN — GENERAL PURPOSE temper is used 2. HARD DRAWN temper is used 3, LIGHT DRAWN — BENDING temper is
for general purpose tube only, usually where there only where there is need for a tube used only where a tube of some stiffness, but
is no real requirement for high strength or hardness on us hard or as strong as is commer- yet capubie of readily being bent (or other-
the one hand or for bending qualities on the other. cialty feasible for the size in question, wise moderately cold worked) is needed,
Mechanical Properties Yield Strength Elonga-
Tensile {.5% Ext. tion Rackwall Shear Fatigue
Size Strength | under Load)| (2% Offsatl] n2in. 1 Hardness |Strangth Strength
Form Saction Tempar "
Million
in. ksi ksi ksi % F ‘ B I30T ki lest Cycles
I
FLAT 040in, | 100mm ........ 44.0 11.0 66 54 - 11] ..., 13.0 100
PRODUCTS LM0mm ........ 46.0 14.0 65 58 - 151 320 13.0 100
050 mm ........ 47.0 15.0 62 64 ~ 28| ....
035 mm RPN 490 17.0 57 68 - 31! 340 14.0 100
025mm ........ 51.0 19.0 55 72 - 36| ....
O15mm ,.,...., 53.0 22.0 54 78 - 43) 350 14.0 100
Quarter Hard ... .. 54.0 40.0 43 - 55 54| 360 R v
Half Herd ....... 62.0 52.0 25 -~ 70 65] 40.0 18.0 100
Hard ........... 76.0 63.0 8 ~ 82 73| 440 1.0 100
Extra Hard ...... 86.0 65.0 5 — B8 76} 46.0 Cee e
Spring .......... 94.0 65.0 3 - 91 77| 480 23.0 100
Extra Spring ..... 99.0 65.0 3 - 93 787 .... . ceen
WIRE 080 in, | .050mm ........ 48.0 64 - - =] ... e PN
035mm ...,..... 50,0 60 - - -1 340 . RN
025mm ........ 52.0 58 - = =] ... v
O15mm ........ 540 56 - = =] ... .
Eighth Hard .., .. 58.0 33 - - =1 38,0
Quarter Hard .. ... 70.0 20 B
Extra Hard ... .. 124.0 4 - = =1 ...
Spring .......... 1300 3 -~ = =1 600 220 100
TUBE § 1.0in, OD) .050mm ........ 47.0 15.0 63 64 - 26 .
X.065in§ 025 mm ......., 52.0 200 55 75 -~ 40 .
Hard Drawn (35%). 18.0 64.0 8 - 82 73 .
ROD B 1.0in. O50mm ........ 48.0 16.0 65 65 - -1 340 e -
Eighth Hard (6%}. . 55.0 40.0 48 - 60 -] 360 vae Ceaa
Half Hard (20%3). .. 70.0 52.0 30 - 80 -] 420 22.0 50

The volues listad obove represent raasanoble cpproximations suitahle for genaral enginesring use, Due 10 commercial varictions in campasition and
88 to manufacturing limitations, they should not be used far specification purpoles, Ses applicable A.5.T.M. spacificaticn raferences,




COPPER ALLLOY Nos. 268 and 270 (vcLLowBRAss)

Composition — percent

Nearest Applicable AS T M Specificatians =

ALLOY NO, 268 [SHEET) ALLOY ND. 270 {RDD AND WIRE}
Nominal Minimum Maximum Nominal Minimum Maximum
Flat Products Bi6, B134
Coppert 66 4.0 £88.5 635 63.0 6R.5 Pipe
Lead A5 .10
lron .05 .07 Rod
Zinc 4 Remainder 35 Remainder Shapes
Total Other Elements 15 .20 Tube BI35
Wire B134

* Refer to specific ASTM Specification for alloys covered

Physical Properties . .
English Units C. G. 5. Units
Melting Point {Liquidus) 1710 F 930 C
Melting Point (Solidus) 1660 F 905 C
Density .306 b feu in @ 68 F " B47gm/fcucm @20C.
Specific Gravity 8.47 8.47
Coefficient of Thermal Expansion per*F from 68 F to 212 F per°C from20C to 100 C
Coefficient of Thermal Expansion per°F from 68 F to 392 F per°C from20C 10200 C
Coefficient of Thermal Expansion .0000113 per°F from 68 F to 372 F 0000203 per°C from20C to 300 C
Thermal Conductivity 67 Btu fsq ft /it fhr /F @ 68 F .28 cal fsq em fom fsec FC@ 20 C
Electriczl Resistivity {(Annealed) 384 Ohms (circ mil /It )@ 68 F 6.3% Microhm-cm @20 C
Electrical Conductiviiy* { Annealed) 27 %IACS @68 F 157 Megmho-cm @20C
Thermal Capacity {Specific Heat) 09 Btu /Ib"F @68 F 09 cal fjgm /°C @20 C
Modulus of Elasticity (Tension} 15,000,000 psi 10,500 g /sq mm
Modulus of Rigidity 5 600,000 psi 3,500 Kg/sg mm

Typical Uses
ARCHITECTURAL: grillwork
AUTOMOTIVE: radiator cores and tanks
ELECTRICAL: flashlight shells, lamp fixtures, reflectors, screw shells, socket shells,
HARDWARE: bead chain, chain, eyelets, fasteners, grommets, finish hardware
articles (hinges, kick plates, locks, push plates, etc.), stencils
PLUMBING: plumbing accessories, sink strainers
WIRE: pins, rivets, serews, springs

Common Fabrication Processes
Blanking, drawing, etching, forming and bending, heading

and upsetting, piercing and punching, roll threading and
knurling, shearing, spinning, squeezing and swaging, stamping

Fabrication Properties

Capacity for Being Cold Worked ... .......... Excellent Suitability for being joined by:
Capacity for Being Hot Formed .. .............. Poor Soldering. ......... .o, Excellent
Hot Forgeabhility Rating {Forgine Brass=100) . . . ... ..... Brazing .......c. e, Txcellent
Hot Working Temperature .. ......... For....... C Oxyacetylene Welding  .................. Zeed
Annealing Temperature .. ., ., . 800-1300F or 425-700 C Gas Shielded Arc Welding .. ............... Feir
Machinability Pating (Free Cutling Brass=100)........30 Coated Metal Arc Welding ..... Not Recommended
) Spot ... i Good
Resistance Welding Seam........ Not Recommended
Butt .......c.iiu.., Goed

The values litres ohove rzprisant reasonchble copproximatiens suitcble for genercl engineering vis. Bue 1o cammercial voriotions in composition and
to manufociuring limitotions, they should not ke used,. Sr specification purposes, See ppplicabie AS.T.M. specifisation references.

{Continued on other zide) Bg
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COPPER ALLOY Nos. 268 and 270 (continued)

Forms and Tempers
Most Commonly Used

Rolled

Annsaled Tempsrs

Nominal Grain Size mm

g E
E:
< 2
Q2 Q@ O W N o wn &=
Ohgmﬂv-‘:g
= q @ q afid 3

Strip, e 9 0. 8-®-----
Strip, Drawn §. . ....... ... ... .0
Flat Wire, Rolled §...... B N |
FLAT Flat Wire, Drawn §. .. ... PP §
PRODUCTS Bar,Rolled ... ... oo it]
Bar, Drawn §. .. ... . ..o oL |
Sheet §...... F I ® .-t

Plute §. ... ... L
ROD§. ..... Bt [

WIRE .- 9. 8- 0-®--..--

TUBE R ... oot
PIPER. ...t |

SHAPES R ..... ... ... .. L,

1. DRAWN - GENERAL PURPQOSE temper is used 2

HARD DRAWN temper is used

for general purpose ube only, usually where there
is no real requirement for high strength or hardness on
the one hand or for bending qualities on the other.

only where there is need for a wbe
as hard or as strong as is commer-
cially feasible for the size in question.

Roliad or Drawn Tempaers

Drawn — General Purpose (1}

Three Quarter Hard
Light Drawn -- Bending (3}
As Hot Rolled

Hard Drawn {2)

Extra Spring

Eighth Hard
Quartar Hard
Half Hard
Hard

Extra Hard

*-®-8 ... [ e
........ T Y P
........ I R [
........ L N
............... L O
R [
N [ S I

Hot _ )
Finishad -
Tempars

As Extruded
Spacisl Temgors

3. LIGHT DRAWN — BENDING temper is
used only where a wbe of some stiffness, but
yet cupuble of readily being bent (or other-
wise moderately cold worked) is needed.

Mechanical Properties Yiald Strength Elonga-
Tensile |.5% Ext. tion Rockwall Shear Fatigus
Size Strength | under Load)] {.2% Offsex}| in 2in. | Hardness {Strength Strangth
Farm Saction Temper -
Million
in. - ksi ksi ksi % F Cyclas
e
FLATY 040 in. 070 mm ........ 46.0 14.0 63 12.0 100
PRODUCTS 030mm ........ 47.0 15.0 62 64 ~ 28 s
035mm ........ 49.0 17.0 57 68 - 31 34.0
025mm ........ 51.0 19.0 55 72 - 36
Ol3mm ........ 530 220 54 78 - 43
Eighth Hard ... ... 50.0 35.0 50 ~ 5050 .... R
Quarter Hard .. ... 54.0 40.0 43 ~ 55541 36.0
HalfHard........ 61.0 50.0 23 - 70 65| 40.0 e e
Hard ........... 74.0 60.0 8 - B0 70| 43.0 14.0 100
ExtraHard....... 85.0 62.0 5 -~ 87 74 } 450 e el J
Spring .......... 91.0 62.0 3 - 90 76 | 470 20.0 100
ROD k1.0 in. L3 0mm ........ 48.0 16.0 63 65 - - 340
Eighth Hard (6%) . . 330 40.0 48 -~ 55 = 36.0
WIRE § 080 in, 035mm ........ 50.0 60 - - - 34.0
Eighth Hard .. .... 58.0 33 - - 38.0 N PR
Quarter Hard . .... 70.0 20 - - - 42.0 22.0* 300
Half Hard ...... E8.0 15 - - = ...
Hard ........... 110.0 8 - - -} 55.0
Extra Hard .. ... 1200 4 - - - 60.0
Spring ......, .. .. 123.G 3 - - -1 600
* Rotating beam tests on rod
The values listed cbove represent 1 ble cpproximeoti suitable for gunaral engineering yse. Due 10 commarcial variations in comporilion omd
ap to i ing Hmitati they should not be used for spacification purposes. See applicable A5.T.M. ipacifi n refarmces,
JE' ‘:\




COPPER ALLOY No. 280 (MunTZ METAL, 60%)

Composition — percent
Nearest Applicable A S TM Specifications

Nominal | Minimum | Maximum

Flat Products

Copper 60 390 63.0 Pipe
Lead 30
won | ... ... 07 Rod
Zinc 40 Remainder Shapes
Total Other Elements e e .20 Tube B111,B135,B395
Wire

Physical Properties

English Units C. G. 8 Units
} Meiting Point {Liquidus) 1660 F 905 C
Melting Point (Solidus) 1650 F . 900 C
Density 303 Ibjcu in @68 F 8.39 gm /cu cm @20 C.
Specific Gravity 8.39 B.39
Coeflicient of Thermal Expansion per°F from 68 F 1o 212 F per*C from20C 1o 160 C
Coefficient of Thermal Expansion per°F from 68 F to 392 F per°C from20C to 200 C
Coefficient of Thermal Expansion 0000116 per°F from 68 F to 372 F 0000208 per°C from 20C to 300 C
Thermal Conductivity 71 Btu fsq ft /it fhr °F @ 68 F .29 cal fsq cm /em fsec PC@ 20 C
Electrical Resistivity (Annealed) 37.6 Ohms (cire mil Jit Y@ 6B F 6.16 Microhm-cm @ 20 C
Electrical Conductivity * (Annealed) 28 o JACS@ 68 F 162 Megmho-cm @ 20 C
Thermal Capacity (Specific Heat) 09 Bru /Ib°F @68 F 09 cal /jgm [°C @20C
Modulus of Elasticity (Tension) 15,000,000 psi 10,500 Kg /sg mm
Modulus of Rigidity 5,600,000 ps 3,900 Kg /sq mm
* Volume Basis
Typical Uses

ARCHITECTURAL: panels and large sheets, trim
HARDWARE: large nuts and bolts
INDUSTRIAL: brazing rod, condenser plates; condenser, evaporator and heat
exchanger tubes; hot forgings

Common Fabrication Processes

Blanking, forming and bending, hot forging and
pressing, hot heading and upsetting, shearing

Fabrication Praperties

v

CEPZIC“Y for Beinp Cold Worked . .- o vi v i v i e i en e Fair s'u]_tabll“y for bging jojngd by:

Capacity for Being Hot Formed. - .+ vvvvvenvane. Excellent Soldering, . oo oo ve i i e Excellent
Hot Forgeability Rating (Forging Brass = 100) <+« v v vu .- 90 Brazing ...v.vvuvinunnnnnnnnenan Excellent
Hoi W lrki;;g Temperature. .. .. 1150-1450 F or 625800 C Oxyacetylene Welding ............. ... Good

siling

FATURE L ... L., 800-1100 F or 425600 C Gas Shielded Arc Welding  ............ Fai
28 (Free Cutting Brass=100) ....... 40 Coated Me:al Arc Welding . . . Not Recommended

Spot..vvieiiii Good
Resistance Weiding Seam...... Not Recommended
Butt ...ovvviiiiiiinns Good
itz vemiyes listed chove represent recionabie opproximaotions suitable for ganeral engineering uas. Bur 10 cammercial variations in tompaiition and

1o monufacturing limitations, they should net be wsed for specification purpores, Sex appiicable A5, T.M, spetification referances.

{Continued on 3ther side) 91
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Forms and Tempers
Most Commonly Used

Strip, Rolled
Strip, Drawn

Flat Wire,
Flat Wire,
Bar,
Bar,

FLAT
PRODUCTS

Rolled
Drawn
Raolled
Drawn
Sheet
Plate
ROD
WIRE
TUBE
PIPE

SHAPES

1. DRAWN - GENERAL PURPOSE temper is used
for generul purpuse tube only, usualiy where there
is no real requirement for high strenpth or hardness on

Annsalad Tempars

Nominal Grain Size mm

Light Anneal

......................

2. HARD DRAWN temper is used
only where there is need for a tube
a8 hard or us strong as is commer-

COPPER ALLOY No. 280 (continued)

Rollsd or Drawn Tempers

Drawn — General Purpose (1)

Eighth Hard

Quarter Hard

Three Quarter Hard

Extra Spring

Hard Drawn (1)

Light Drawn — Bending (1)

Half Hard
Extra Hard

Finished
Tempars

As Hot Rolied
As Extruded
Spacial Tempers

[ TPI S
P B
@ - ...
BTN SO

3. LIGHT DRAWN ~ BENDING temper is
used only where a tube of some stiffness, but
yet capable of readily being bent {or other-

Fatigus
Strangth

Millicn
ki I Cycles

the one hand or for bending qualities on the other. ciully feasible for the size in question, wise moderately cold worked) is needed.
Mechanical Properties Yiald Strength Elonga-
Tensile (5% Exr. tian Rockwall Shaar
Size Strangth | under Load}| {.2% Offset)| N 2N | Hardness | Strangth
Farm Saction Tamper
in. ksi ksi ksi % F ! B !301- k1i
—
FLAT D40 in. [Soft Apneal .., ... 54.0 21.0 45 (80 - 46 400
PRODUCTS Ag Hot Rolled ... ... 54.0 21.0 45 [BS -~ 49, 400
Eighth Hard ....... 60.0 350 30 — 55 54| 420
Hadf Hard.......... 70.0 50.0 10 - 75 671 44.0
ROD 1.0 in, Soft Anneal .. ...... 540 21.0 R 50 (80 - - 40.0
Quarter Hard . . ... .. 72.0 50.0 PP 25 - 78 - 45.0
As Extruded _...... 52.0 20.0 RN 52 {18 - - 39.0
TUBE § 1.0in. ODILight Anneal , ..., . 560 | 230 e 50 |82 - 47
X .063 in, [Hard Drawn (30%)... | 74.0 550 e 10 |- 80 -

92 The valuas listed obove r-prnml recianable uppronimatiens suitable for gensrc! engineuring vis. Dus to commercial variations in somposition and
to el [

thay should not be used for specification purposas. See appiicabla A,5.T.M, specificaticn refsrences,




COPPER ALLOY No. 314 (L.cADED COMMERCIAL BRONZE)

" Compaosition — percent
Nearest Applicable A S TM Sgenificaticns

Nominal | Minimum | Maximum
Flat Products Bl1406
Copper 89 875 90.5 Pipe
Lead 1.9 1.3 25
mon | ... ... 10 Rod | B140
Zinc 9.1 Remainder Shapes Bl40
Total Other Elements e e 50 Tube
Wire
Physical Properties ) )
English Units C. G. 8. Units
Melting Point {Liquidus} 1900 F 1040 €
Melting Point {Sclidus) 1850 F 1010 ¢
Density 319 lbjcu in @GR F 883 gm/cucm @20C.
Specific Gravity B.B3 B.B3
Coefficient of Thermal Expansion ger®F from 68 F 10 212 F per°C from 20 C to 100 C
Coefficient of Thermal Expansion per*F from 68 F 10 392 F per°C from 20C to 200 C
Coefficient of Thermal Expansion .0000102 per°F from 68 F to 572 F 0000184 per®C from 20 C to 300 C
Thermal Conductivity 104 Bru fsq ft /it /hr /°F @68 F 43 cal /sq cm fom fsec PC@20C
Electrical Resistivity (Annealed) 247 Ohms (circ mil /it Y@ 68 F 4.10 Microhm<m @20C
Electrical Conductivity® { Annealed) 42 % IACS@68 F 244 Megmho-cm @ 20C
Thermal Capacity (Specific Heat) .09 Btu/lb°F @68 F .09 cal/gm f°C @20 C
Modulus of Elasticity {Tension) 17,000,000 psi 12,000 Kg/sg mm
Modulus of Rigidity 6,400,000 psi 4,500 Kg/sq mm
* Vaolume Basis
Typical Uses
HARDWARE: screws, screw machine pars
INDUSTRIAL: pickling crates
Common Fabrication Processes
Machining
Fabrication Properties
Capacity for Being Cold Worked .. ... oovviveninn Good Suitability for being joined by
Capacity for Being Hot Formed .................. Poor Soldering. . .. ... e Excellent
Hot Forgeability Rating (Forging Brass = 100) <« cvnvvun., BraziME . viiviesrimineannnneannnnns Good
Hot qukirlg Temperature ............. For....... C Oxyacetylene Welding ........ Not Recommended
Annzaiing Temperatuie .. ... .. 800-1200F or 425-650 C Gas Shielded Arc Welcing. ... .. Mot Recommendc.,
Mochivoblicy Rating (Free Cutting Brass = 100)..... .. .. & Coated Metal Arc Welding. . .. .. Mo Recommendes
Spol........ Mot Recommeaded
Resistance Welding Seart ......- Not Recommended
Butl ...oovnivviiinnnann Fair

The values listed above rapreient feaiongbie oppraximotions suitable for genera! enginesring use. Due 10 commerzial variaticns in compasitics wnd
te manufaciuring limitaticns, they should not be used for specificoiion purposes. See applicoble A.5.7.M, spacificction roferences,

(Continued an other gide) 93




COPPER ALLOY No. 314 {Continuéd)

‘\.__/'.

Forms and Tempers Annsslsd Tempers Rollad or Crawn Tempers Hot
Most Commonly Used r Finished
= Tampers
1 z
Nominal Grain Size mm § g
3] £ 2
H - ]
I s _ O i
- - ™ |
-3 T 5 i 3
i 2| % 8 & T 245§ 5|3 3|
E ¢ 2 T o= E] & | = il 'S -
q < £ 2 ;E o = 0O 8) - £l 3
w bo|« E| E B §f v 2 B 8 § 5 :z X 2
B2 882 2 8 F £ 3 % 5z 8 3 8 203
=5 88389438 o fF £ F & F &S5 2 % a

Strip, 3 =82 o T Y VDR R,
Flat Wire, Rolled .. - -« oo oo i i fe i e
FLAT Flat Wire, Drawn § - . . oo e e e
PRODUCTS Bar, Rolled J ... .o i e e e e e
- Bar,Drawn § ... Lo Y [
t Sheet .. e e e e e e e
Plate § .o e et e e e b e
. RODZ...... B e } S
WIRE B ... . i e e s Y
CTUBE g ..o D PN )
o S S Y M A
SHAPES §......... .. .ot R RIS P
. ! ,
I. DRAWN — GENERAL PURPOSE temper is used 2. HARD DRAWN iemper is used 3. LIGHT DRAWN - BENDING temper is
for general purpuse tube only, usually where there only where there is need for a tube used only where a tube of some stiffness, but
is no real requirement for high strength or hardaess on as hard or as strong as i3 commer- yet capable of, readily being bent (or other-
the one hand or for bending qualities on the other. cially feasible for the size in question. wise moderately cold worked) is needed.
Mechanical Properties Yiald Strangth Elonga-
Tensilea | [5% Ext. tion Rockweil | Shaar Fatigus
Siza Strength | under Load}| {.2% Offsat)] in2i0. | Hardness | Strength Strangth
Form Section Tampaer . -
P . : Million
in.. kai ksi ksi % E I B 1301- . ksi ksl I Cycima
—— o —— S t—
DRAWN 250 in, Half Hard ........ 55.0 50.0 e 12 - 61 - 31.0
BaR
ROD 4 1.0 in, O50mm ......... 37.0 12.0 e 45 55 - -} -240
250 in, | Half Hard (37%). ... 60.0 55.0 AP 10 - &) ~ |} 320
.500 in, | Half Hard (25%). ... 35.0 50.0 e 14 - 6] - 310
1.0 in. Half Hard (20%). ... 52.0 45.0 e 18 - 58 —--1 300 .
LY
The vaiues fisted above rapresent reaionoble opproximotions suirable for genaral snginesring use. Dua 10 commentiol variclions In composition and
94 te monviociuring Ilm_uuﬂm:. they should not be used for specification purposes, Sea opplicoble A.3.T.M. specificatida references.




COPPER ALLOY No;' 31 6 (LEADED'C‘OMMERCIAL BRONZE, NICKEL BEARING)

. Composition — percent .
Nearest Applicable A S T M Specifications

Nominal | Minimem | Maximum
Flat Producis BI1-0
Copper 89 87.5 90.5
Lead 1.9 1.3 2.5 Pipe
Iron RN e 10
Zinc 8.1 Remainder Rod B1+0
Nicket 1 g 1.2 Shapes B140
Phosphorus . e A0
Total Other Elements .50 Tube
Wire
-Physical Properties English Units -
: Melting Point (Liguidus) 1900 F 1040 C
Melting Point {Solidus) 1850 F 1010 C
Density A0 bfcu in @68 F 886 gmjcucm &20C.
Specific Gravity 8.86 .86
Coeificient of Thermal Expansion per°F from 68 F to 212 F per®C from20C to 100 C
Coefficient of Thermal Expansion per°F from68 F to 392 F per°C from20C to200C
Coefficient of Thermal Expansion 0000102 per°F from68 F to 572 F 0000184 per°C from20C to 300C
Thermal Conductivity 81 Btu /sq ft/ft /hr °F @68 F "33 cal/sqeomfem fsec PC @0 C
Electrical Resistivity (Annealed) 32.4 Ohms {(circ mil /f1 )@ 68 F 5.3% Microhm-cm @20C
Electrical Conductivity* (Annealed) 32 % IACS@ a8 F 86 Megmhbo-cm @ 20C
Thermali Capacity {Specific Heat) 09 Btu /Ib°F @68 F 09 caljgm *C @20C
Modulus of Elasticity { Tension) 17,000,000 psi 12,000 Kg/sqg mm
Modulus of Ripidity psi Kg /sg mm

*Volume Basis

Typical Uses

Electrical connectors, fasteners, hardware, nuts, screws, screw machine parts

Common Fabrication Processes
Machining

Fabrication Properties

Capacity for Being Cold Worked .. .. ..o oo ii e v v Good Suitability for being jonined by:
Capacity for Being Hot Formed ...........cv00ut, Poor Soldering. . ..\ i e Excellent
Hot Forgezbility Ratiag (Forging Brass = 100) Brazing ..ot e Good
Hot Working Temperature . ... .. F or C Oxyacetylene Welding .. ...... Not Recommended
Annesling Temperature. . ...... BOO-1200F or 425650 C Gas Shielded Are Welding. ... .. Not Recommended
Machinability Rating (Free Cuiting Brass = 10§} 80 Coated Metal Arc Welding. . . ... Not Recommended
. Spot ........ Not Recommended
Resistance Welding Searmm ....... Not Recommended

Butt ... i Fair

The veiues listed obave represent reasanchle agproximations switable for general enginesring use. Dus to commercial voriations in comperition and
16 munufotturing limitations, they shauld not be uied far specification purpeses, See opplizable A.5.T.M. specificatian references.

{(Continged on other side)




COPPER ALLOY No. 316 (continued)
Forms and Tempers Annsaied Tempars " Rolled or Drawn Tempers Hot )

Most Commonly Used Finished
Tampers

Nominai Grain Size mm

Drawr — General Purposa (1}

Soft Annea!

Light Anneal
Eighth Hard
Quarter Hard
Thrae Quartar Haed
Extra Spring

Hard Drawn (2)
Light Drawn — Banding {3)
As |40t Rollad

As Extruded
Specis! Tempms

Strip, Rolled B - .. .- oo i i i e e et i
Strip, Drawn § .. ... ieii i D T
Flat Wire, Rolled § - - -+ - it i i ettt e s e e i et e
FLAT Flat Wire, Drawn § - - ... o oo i i c ettt ees st ns i e
PRODUCTS Bar, Rolled -+« oo oo e e
Bar, Drawn B - oo e e L P
B 1 A O D [
Plate g - o et e
ROD B . . e [ e e T A IS
WIRE B .ot e i e e i e e e et e
- A R N
PIPE § oo ).
o 7 7 o - S O N DA
I. DRAWN — GENERAL PURPOSE temgper is used 2. HARD DRAWN temper is used 3. LIGHT DRAWN — BENDING temper is
for general purpose tube only, usually where there only where there is need for a tube used only where a tube of sume stiffness, but
is no real requirement for high strength or hardness on as hard or as sirong as is commes- yet capable of readily being bent tor other-
the one hand or for bending qualities on the other. cially feasibie for the size in question. .wise moderately cold worked} is needed.
Mechanical Properties Yiald Strength Eionga-
Tansite | (.5% Ext. tion Rockwall Shear Fatigue
Size Strength [ under Load)| (.2% Offsatl| in2in. | Hardness | Strength Strength
Form Saction Tempar

Miltion
in. ksi ksi ksi % Fl B lagT ksi ki I Cycles
Ee———————— ———

DRAWN BAR 250in. | Hard. ...l 63.0 56.0 | ..... i2 - 70 -
ROD §{.0n, L50mm ......... 37.0 120 1 ..... 45 55 - -7 240
500 in, | Hard (389%) ....... 67.0 390 ) ..... 13 - 12 -] 400
1.01n, Hard (38%) ....... 65.0 570 ) ..., 15 - 70 -~| 39.0

Tive values listed obave raprasent recdsonable approximations suitabls for .glnoml snginsaring vsa. Dus to commarcdlal variations In eomposition gad
96 1o manufocluring limitations, they should not be used for spacification purposes. Sea ocpplicable A.S.T.M. specification referances.




COPPER ALLOY No. 330 (Low-LEADED BRASS TUBE)
(See also Copper Alloy No. 335)

Composition — percent

Nearest Applicable AS T M Specifications

Neminal § Minimum [ Maximum
Flat Product B121l
Copper | 66 650 | 680 At Frocduets
Lead 5 20 8 Pipe
Iron ceee cea 07 Rod B453
Zinc 33.5 Remainder
. Shapes
Total Other Elements s T .50 -
i Tube B135
Wire
* For tube over 5 inches OD, lead
may be less than .20 percent.
Physical Properties ) )
T English Units C. G. 8. Units
Melting Point (Liguidus}) 1720 F 940 C
Melting Point (Solidus) 1660 F 905 C
Dansity 3071b/cu in @6B F 8.50 pm ‘cucem @ 20C.
Specific Gravity 8.50 8.50
Coelficient of Thermal Expansion per°F from 68 F to 212 F per°C from20C to 100 C
Coefficient of Thermal Expansion per°F from 68 F to 392 F per*C from20C 10 200 C
Coefficient of Thermal Expansion 0000112 per°F from 68 F to 572 F 0000202 per°C from20C to 300 C
Thermal Conductivity 67 Bru /sq ft fft fhr fF @ 68 F .28 cal /sq cm fem [fsec FC@20C
Electrical Resistivity {(Annealed) 39.9 Ohms (circ mil [ft )@ 68 F 6.63 Microhm-<m @20C
Electrical Conductivity* (Annealed) 26 ZIACS@68F 150 Megmho-tm @20 C
Thermal Capacity {Specific Heat) .09 Btu /lb°F @68 F 09 cal/gm/°C @20C
Meodulus of Elasticity (Tension) 15,000,000 psi 10.500 Kg /sq mm
Modulus of Rigidity 5,600,000 psi 3,900 Kg/sq mm
* Valume Basis :
Typical Uses
GENERAL PURPOSES:  where some degree of machinability is required,

INDUSTRIAL:
MUNITIONS:
PLUMBING:

together with moderate cold working properties
pump and power cylinders and liners )
Drimers

plumbing accessories, plumbing brass goods

Commuon Fabrication Processes

Forming and bending, machining, piercing and punching

Fabrication Properties

Capacity for Being Cold Worked .. ............ Excellent Suitability for being joined by:
Capacity for Being Hot Formed ................... Poor Soldering. . . .o vvi i ii e e Excellent
Hot Forgeability Rating (Forging Brass=100) ........... BIazZing oo f et Good
Ho~ Working Temperature ............ For....... C Oxyace:ylene Walding oo v v v vnnineenanonnn F=ir
—Annealing Temperature ., . ,.... 800-1200 F or 425-650 C t3as Shielded Arc Walding « oo o0 vinvrnnonnas Fair
Machinability Ratinz (Free Cutting Brass=100)......... &0 Coatcd Metal are Welding +.... Not Recommended
' 1 2 T2 S Fair
Resistance Welding Seam. s e .nn Not Recommended
£ 151 4 RN Fair

The valugs lisled ahave represent recsonoble cpproximations suilable for ganeral enginsering uss. Due 16 commerciol variations in zompositian and
ta manufociuring limitations, they shauld not be vied for specification purposes. See opplicoble A.5.T.M. 1pecification refarences. 97
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Forms and Tempers
Most Commanly Used

Strip, Rolled
Strip, Drawn
Flat Wire, Rolled
Flat Wire, Drawn
Bar, Rolled
Bar, Drawn
Sheet

Plate

ROD
WIRE
TUBE
PIPE
SHAPES

FLAT
PRODUCTS

1. DRAWN - GENERAL PURPOSE temper is used

COPPER ALLOY No. 330 (continuea)

Annesled Tempers

Nominal Grain Size mm

100
070
050
035
025
015
Soft Annaal
Light Annsal

2. HARD DRAWN temper is used

Rolled or Drawn Tempars Hml
Finished
[ Tempen  /
3 Q)
g B
B & B
£ § . @ ]
[ & )

h:] ] s ¥ k]

5 & e | 2
I 5 o E & § 5|5 F|E
b T 2 5 | =8 2 lm@ 5|m

5 & CQ T & 5 ol 1=
= b g O R
EE : 8Bz g £ o5 ofopoptf U3
=2 3 5 g g§g =
&6 2 F 33 & &5 i 3|2 2|8

3. LIGHT DRAWN - BENDING temper is

for general purpose tube only, usuaslly where there
is no real requirement for high strength or hardness on
the one hand or for bending qualities on the other.

only where there is need for 4 tube
as hard or as strong as is commer-
cially feasible for the size in questian,

used only where a tube of some stiffness, but
yet capable of readily being bent (or ather-
wise maderately cold worked) is needed.

Mechanical Properties Yield Strangth Elonga-
Tensila {.5% Ext, tion Rackwell Shear Fatigua
Size Swrength | under Loadl) [.2% Offset}] in2in. | Hardness | Strength Strength
Form Saction Temper -
Millian
in. ksi ksi ksi % £ 19 ksi ki Cycles
—— — l BJ—T
TUBE }10in. OD|[.030mm ......... 47.0 15.0 e o0 64 - 26
X.065in).025mm ......... 520 200 ce 50 75 - 37
Hard Drawn {35%]). . 75.0 60.0 e 7 - 80 &9

i

Tha valuws listed ubuu rcprnml reaionable approximarions suisable for g

| angi ing use. Due ta

98 [ d

clial variati in

thay should not be used for spoﬂhmllm pvrpe:n 5.- applicable A5.7.M. specification referances,
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COPPER ALLOY No. 332 (HiGH-LEADED BRASS TUBE)
(See also Copper Alloy Nos. 342 and 353)

Compaosition — percent
Nearest Applicable A S T M Specifications

Nominal [ Minimum | Maximum

Flat Praducts B12}

Copper | 66 65.0 68.0 Pipe
Lead 1.6 1.3 2.0
Iron § .... RN 07 Red B33
Zinc § 324 Remainder Shapes
Total Other Elements | .... cea 50 Tube B135
Wire

Physical Properties English Units C. G. 8. Units
Melting Point (Liquidus) 1710 F 930 C
Melting Point (Solidus) 1650 F 900 C
Density 308 lb/cu in @ 6B F 853 gmfcuem @20C.
Specific Gravity 8.53 8.33
Coefficient of Thermal Expansion per°F from 68 F to 212 F per °C from20C Lo 100 C
Coefficient of Thermal Expansion per°F from 68 F to 392 F per °C from 20 C 1o 200 C
Coefficient of Thermal Expansion 0000113 per°F from 68 F to 572 F 0000203 per°C from 20 C to 300C
Thermal Conductivity 67 Btu /sq ft /it /hr /°F @ 68 F .28 cal /sq cm fem fsec*C @20 C
Electrical Resistivity { Annealed) 39.9 Ohms {circ mil /it )@ 68 F 6.63 Microhm-<cm @ 20C
Electrical Conductivity* {Annealed) 26 2IACS@68 F 151 Megmho-cm @ 2QC
Thermal Capacity (Specific Heat) 09 Btu/ib°F @68 F D9 calfgm f°C @20C
Modulus of Elasticity (Tension) 15,000,000 psi 10,500 Kg /sq mm
Modulus of Rigidity 5,600,000 psi 3,900 Kg/sq mm

2 Volume Basty

Typical Uses

General purpose screw machine products

Common Fabrication Processes

Machining, piercing and punching

Fabrication Properties

Capacity for Being Cold Worked .................... Fair Suitability for being joined by:
Capacity for Being Hot Formed ................... Poor Soldering. ... ..o Excellent
Hot Forgeability Rating (Forging Brass=100), ... ......... Brazing ... ..., Good
Hot Working Temperature. . ........... For...... C Oxvyacetyvlene Welding ....... Mot Recommended
Annealing Temperature .. ...... 800-1200F or 4254650 C Gas Suielded Arc Welding . ..., Not Recommended
Machinability Rating (Free Cutting Brass = 100) ....... 80 Coatzd Matal Arc Welding .. ... Not Recommended
Spot ........ Not Recommended
Resistance Welding Seam ....... Not Recommended
Butt ....... ... ciiiil... Fair

The volust lisied ohave tapretent rectonohle cpproximarions switoble for general snginesring une. Bue to commercial voriatisnl in compositisn and
10 manulacturing limitations, they thowld nat be vied far specificotion purpsiwes. See opplicable A.5.T.M. s1pacification references.

(Continued on other side) 99
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COPPER ALLOY No. 332 (Continued)

Forms and Tempars
Most Commonly Used r

100
070
050

Strip, Rolled
Strip, Drawn
Flat Wire, Rolled
Flat Wire, Drawn
Bar, Rolled
Bar, Drawn
Sheet

Plate

ROD
WIRE
TUBE
PIPE
SHAPES

FLAT
PRODUCTS

1. DRAWN — GENERAL PURPOSE temper is used
for general purpose tube only, usually where there
is no real requirement for high strength or hardness on
the one hand ar for bending qualities on the other.

Mechanical Properties

Size

Form Saction Teamper

TUBE §10in.OD| 025 mm ........

X .065in.| Hard Drawn (35%) .

100 1o manutacturing I

Annsaled Tempers

Nominal Grain Size mm

035

T

z

= H

s 3| 7 % t
1 Ej 5 2 o §
555:50
RE:%E‘é:!E
aglg 318§ & 2 £ 3

2. HARD DRAWN temper is used
only where there is need for a tube
as hard or as strong as is commer-
cially feasible for the size in question.

Yisld Strength Elanga-
Tensile | (6% Ext. tion
Strangth i undet Losd)| {.2% Ofiset)| in Zin.

ki fai ksi %
*_

52.0 20.0 e 50
75.0 60.0 e 7

Rolied ot Drawn Tempers

Extra Hard
Extra Spring

Spring

Hot
Fin )

=~ Tlmi::lt._"h

r )

£ B

£ §

= @

oA i

ht 3

E5 5|3 38

8 51T E[E

g‘;-fﬁa

5 i 87 2%

3. LIGHT DRAWN - BENDING temper
used only where a tube of some stiffness, b
yet capable of readily being bent {or othe
wise moderately cold worked) is needed.

Rockwaell Shear Fatigus
Hardres | Strangth Strength
Miition
£l 8 30T ksi ksl Cycies
e
75 - 36
- BO 69

Tha vaiuas listed cbove repretent reasonabls approximations svitabia for general engineering use. Due 1o commerciol variations in composition ond
ions, thay should nat be used for pecificotion purposes, See applicable A.5.T.M. 1pacificaiion references.
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__ COPPER ALLOY No. 335 (10W-LEADED BRASS)
J (See alse Copper Alloy No. 330)

Crmposition — percent

Nearest Applicable A S T M Specifications
Nominal | Minimum | Maximum
Flat Products Bi2l
< a
Copper 63 62.5 66.5 Pipe
Lead 5 3¢ 8 .
Iron .10 Rod B453
Zine 34.5 Remainder Shapes
Total Other Eleemnts e R .50
Tube
Wire
Physical Properties
Engtish Units C. G. 5. Units
Melting Point (Liquidus) 1700 F 925 C
Melting Point (Solidus) 1650 F 900 ©
Density 306 |bfcu in @68 F 847 gm/cucm @ 20C.
Specific Gravity B.47 8.47
Coefficient of Thermal Expansion per°F frome8F 1o 212 F per *C from 20 C 10 100 C
Coefficient of Thermal Expansion per“F from 68 F to 392 F per®*C from20C to200C
Coefficient of Thermal Expansion .0000113 per°F from68 F to 572 F .0000203 per°C from20C t0300C
Thermal Conductivity 67 Btu /sq ft /ft /hr [°F @68 F 28 cal /sq cm jem fsec [FC@20C
Electrical Resistivity {Annealed) 39.9 Ohms (circ mil /i1 )@ 68 F 6.63 Microhm-<m @ 20C
Electrical Conductivity* (Annealed} 26 ZIACS@ 68 F .15] Megmho-em @ 20C
Thermal Capacity (Specific Heat) .09 Btu/lb°F @68 F .09 calfgm /°C @ 20C
Modulus of Elasticity {Tension) 15,000,000 psi 10,500 Kg /sq mm
Modulus of Rigidity 5,600,000 psi 3,900 Keg/sq mm

* Yolume Basis

Typicat Uses

HARDWARE: butts, hinpe brass, watch backs

Common Fabrication Processes

Blanking, drawing, machining, piercing and punching, stamping

Fabrication Properties

Capacity for Being Cold Warked .................. Good Suitability for being joined by:
Capacity for Being Hot Farmed .................. Poor Soldering. . - .. v ine it e Excellent
Hot Forgeability Ratine (Forging Brass = 100) ............ Brazing ....... . it i e Good
Hot Working Temperature. ............. For....... C Oxyacetylene Welding . ovvverennniannn... Fair
Annesling Temperature .. ... . 2800-1300F or 425-700 C Gas Shielded Are Welding ... ... ... ... .. Fair
Machinability Rating (Free Cutting Brass= 100} ... ... ... 60 Coated Metzl Arc Welding ... .. Neot Recommended
L1+ T Fair
Resistance Welding Seam ....... Not Recommended
Butt ..., Fair

The valuss listed obove represent reasnnable opprcximatians svitohie for general onginesring use. Bue to commercial variotions in campesitian and
to manufacturing limilations, they should not be used for specification purposes. See applicchle A.5.T.M. speciticatian references.
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Forms and Tempers
Most Commonly Used

FLAT
PRODUCTS

COPPER ALLQY No. 335 (continued)

Sirip, Roiled
Strip, Drawn
Flat Wire, Rolled
Flat Wire, Drawn
Bar, Rolled

Bar, Drawn
Sheet

Plate

RCD

WIRE

TUBE

PIPE

SHAPES i

Annesled Tempars

Nominal Grain Size mm

Light Annpal

Soft Annaal

Rolisd or Drawn Tempars

Drawn — Ganoral Purposa i 1}

Eighth Hard

Quartar Hard

Half Hard

Three Quarter Hard

Extra Spring

Hard Drawn (2)

Light Drawn -~ Banding {3}

2-8-0--8........ R T
.............................. [ e TR R e R R AR RN I S
.............................. B e e
................. [N B T
...................... P

Hot .
Finishe }
Tempenn. ./
33 i
g 3]#
Tk
FRERE

1. DRAWN — GENERAL PURPOSE temper is used
for general purpose tube only, usually where there
is no real requirement for high strength or hardoess on
the one hand or for bending qualities on the other,

2. HARD DRAWN temper is used
onty where there is need for a tube
as hard or as strong as iy commer-

cially feasible for the size in question.

3. LIGHT DRAWN - BENDING temper |
used only where a tube of some stiffness, bu
yet capable of readily being bent {or other
wise moderately cold worked) is needed.

Mechanical Properties Yisld Strangth Elongs-
Teagile | (5% Ext. tion Rockwall Shsar Fatigus
Size Strength | under Load)| {.2% Offsatl] in2in. | Hardness | Strength Strangth
Farm Saction Tampser A
Million
in. ksi ksi hesi % ksi ksi Cycles
FLAT § .040 in. 00mm ........ 46.0 14.0 65 58 - 15| 320
PRODUCTS 050mm ...,..... 47,0 15.0 62 64 -~ 26} ....
035mm ........ 45,0 17.0 57 68 — 31 340
025 mm ........ 51.0 19.0 35 172 = 38] ....
Quarter Hard . ., .. T 540 40.0 43 - 55 54} 360
Haff Hard .. .. .. .. 61.0 50.0 23 - 70 65] 40.0
Hard ........... 74.0 60.0 3 - BO 69 43.0
The valuss listad above riprnml reasonable opproximations witable for gensral enginyering vie. Dus to commerdal varlations in compasition and
102 to st ing 1 i thay should not ba usad for specilication purposes. See oppiicable A5.T.M. speciticatidn references.
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COPPER ALLOY No. 340 (MEDIUM-LEADED BRASS, 64%%)

Compasition — percent
Nearest Applicable A S T M Specifications

Nominal | Minimum | Maximum
Flat Products BiZ1
Copper 65 61.5 66.5 )
Lead I 8 1.4 Pipe
Iron 10 Rod B453
Zinc 34 Remainder i Shapes
Total Other Elements RN R .50
Tube
Wire
Physical Properties
English Units C. G. S. Units
Melting Point {Liguidus) 17060 F 925 C
Melting Point (Solidus) 1830 F 885 C
Density 306 Ib/eu in @GS F : 8.47 gm fcucem @ 20 C.
Specific Gravity 8.47 8.47
Coefficient of Thermal Expansion per°F from 68 F to 212 F per?C from20C to 100 C
Coelficient of Thermal Expansion per°F from 68 F to 392 F per °C from 20C 10200 C
Coefficient of Thermal Expansion 0000113 per°F from 68 F to 5721 F 0000203 per°C from 20C te 300 C
Therma) Conductivity 67 Btu fsq ft /ft /hr [F @ 6B F .28 cal fsqg em /fem fsec PC @ 20C
Electrical Resistivity { Annealed) 39.9 Ohms (circ mil fft y@68 F 6.63 Microhm-cm @20 C
Electrical Conductivity* (Annealed) 26 LIACS@68 F 151 Megmho-cm & 10 C
Thermal Capacity (Specific Heat) .09 Btu/lb°F @68 F 09 cal fgm /°C €20 C
Modulus of Elasticity (Tension) 15,000,000 psi 10,500 Kg /sq mm
Modulus of Rigidity 5,600,000 psi 3,900 Keg/sq mm
* Volume Basis
Typical Uses
HARDWARE: butts, gears, nuts, rivets, screws
MISCELLANEQUS:  dials, engravings, instrument plates
Common Fabrication Processes
Blanking, heading and upsetting, machining, piercing
and punching, roll threading and knurling, stamping
Fabrication Properties
Capacity for Being Cold Worked .. ... ... ....... Good Suitability for being joified by: °
Capacity for Being Hot Formed. . . .. ............ Poor Soldering. . ..................... Excellent
Hot Forge_abili!y Rating (Forging Brass= [00) . . . . ... ..., BraZilE vt i it e e vt e e Good
Hot Working Temperature . ... ........ For...... C Oxyacetylene Welding . .. .. .. Not Recommended
Annealing Temperature . . .. . .. B0D-1200 F or 423-650 C Gas Shiglded Arc Welding . ... Mot Recommended
Machinability Fating (Free Cutting Brass=100) ....... 70 Coated Metal Arc Welding . . .. Not Recommended
Spot ...... Not Recommended
Resistance Welding Seam ...... Not Recommended
Butt ..........c.000.. Fair

The valbues listed above represent reosanchle approximations suitable for ganeral enginecring vie. Due 1o commergiol variatiant in compeiition ard
1o manufacturing limitations, they thould net be vied for specification purpoies. See apslicable A.5.T.M. specification references.
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COPPER ALLOY No. 340 (continusa)

Forms and Tempers F Annesied Tempers Roiled or Drawn Tempers Hot
Most Commoniy Used Finishsd )
Tampers

Nominal Grain Size mm

Eighth Hard

Quartar Hard

Half Hard

Three COuarter Hard

Extra Hard

Drawn — General Purposa (1}
Hard Drawn {2)

Light Drawn — Bending {3}
Az Hot Rolled

As Extrudsd

Special Tampsrs

Strip, Rolled §. . . - . PR T VRN N Y T 7 IR
Strip, Drawn €.+ -« v ot n v s e i e L S
Flat Wire, Rofled J- . . - . - oo oo o v oo i e PN P P T
FLAT Flat Wire, Drawn §- - - - - v o oo e e e e e e e b
PRODUCTS Bar, Rolled §- .. - .. ... oL, R T TSRO [ I
Bar,Drawn §. . ... ... oo e o S I
Shaet B. . o - v v o e e e e e e e e e e e L
| Plate Bo v v v oo e e B e e Y
RODE-........... B S I
WIRER. ......... Y R R T SRR I
TUBE B o e e e e e e e e e e
P PE R o e e e e e b
SHAPES B. . .. . o e e e e e e e e R )
1. DRAWN — GENERAL PURPOSE temper is used 1. HARD DRAWN temper is used 3. LIGHT DRAWN - BENDING temper is
fur peneral pufpose tube only, usually where there only where there is need for a tube used only where a tube of some stiffness, but
is no real requirement {or high strength or hardness on as hard or as strong as is commer- yet capable of seadily being bent (or other-
the one hand or for bending qualities on the other. cially feasible for the size in question. wise moderately cold worked) is needed.
Mechanical Properties Yield Strength Elonga-
Tensila {.5% Ext. tion Rochwell Shaear Fatigus
Size Strangth | under Load)j (2% Offsat}| N 2in. | Hardneas | Strength Strapgth
Farm Section Tampar -
Million
in. ki ksi ksi % Flelaor ksi ksl Cvclu
N N, A #
FLAT 040ip. | 050 mm ........ 47.0 150 60 64 ~ 28} ...
PRODUCTS Sidmm ..., ... 49.0 17.0 v 34 68 -~ 31} 340
A5 mm ... 51.0 19.0 53 72 - 36] ....
Quarter Hard . . ... 54.0 40.0 e 41 - 55 541 360
Half Hard .. ... ... 61.0 50.0 e 1 ~ 70 65] 40.0
Hard ........... 74.0 60.0 e 7 - B0 69] 430
RODJ 1.0in. MS5mm ........ 50.0 19.0 s 60 70 - -1 340
Quarter Hard (10%) 55.0 42.0 s 40 - 60 -1 360 )
WIRE 080in.| 025mm ........ 50.0 e e 60 - -~ -} 340
Eighth Hard . ..... 58.0 v e 45 - - —] 38.0
Half Hard . .. ... .. 88.0 is - - -—] 46.0
.
The values listad abave represant r bls opproai i sitahle for genaral enginearing use. Dus 1o sial variati in pasition gnd
104 to manufacturing limitations, they should not be used for 1pecification pusposes. Ses opplicable A.5.T.M. specdification references.
o~
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COPPER ALLOY No. 349

Compaosition - percent
Nearest Applicable AS T M Specifications

Nominal | Minimum | Maximum
Copper 62.2 61.0 64.0
Lead ) .10 50
Iran .10
Zinc 37.5 Remainder
Total Other Elements caes R S0
sical ies
th ca Propertle English Units C. G. 5. Units
Melting Point {Liguidus) 1670 F 9i0 C
Melting Point (Solidus) 1640 F 895 C
Density A051b/ecu in @6B F 844 gm/cucm @&20C.
Specific Gravity 8.43 B.44
Coefficient of Thermal Expansion per°F from 68 F to 212 F per*C from20C 10100 C
Coefficient of Thermal Expansion per°F from 68 F to 392 F per®C from20C to 200C
Coefficient of Thermal Expansion 0000113 per °F from 68 F to 572 F .0000203 per°C from20C to 300 C
Thermal Conductivity 67 Btu /fsq ft /ft /hr [°F @68 F .28 cal fsqem fom fsec CC@20C
Elactrical Resistivity (Annealed) 3%.5 Ohms {circ mil /t )@ 68 F 6.63 Microhm-cm @20C
Electrical Conductivity® (Annealed) 26 ZIACS@68 F 151 Megmho-cm @ 20 C
Thermal Capacity {Specific Heat) .09 Btu/lb°F @68 F 09 caljfegm /°C @20C
Modulus of Elasticity (Tension) 15,000,000 psi 10,500 Kg /fsq mm
Modulus of Rigidity 5,600,000 psi 3900 Kg/sq mm
*Volume Basis
- Typical Uses ”
- .;;-" K ¢ . -
- [ VSR Building hardware, drilled and tapped rivets, T !
v plumbing goods, saw nuts, and parts requiring—" -~ -
~ . moderate cold working combined with some
, v ittt machining
Common Fabrication Processes
Bending and forming, heading and upsetting,
machining, roll {hreading and knurling :
Fabrication Properties
Capacity for Being Cold Worked . ..., ............. Good Suitability for being joined by:
Capacity for Being Hot Formed . .................. Fair Soldering. ...... ... i Excellent
Hot Forgeabitity Ratinyg {Forging Brass =100} ..o vevnn. - Brazing ... e Good
Hot Working Temperature, .. .. 1250-1450 F or 675-800 C Oxyaceryiene Welding .. ...... . ........... Fair
Anne.‘_&ling '_femperatur«: ........ 800-1200 F v 423550 C Gas Shixlded Arc Walding ... .. ... ... ... Fair
Machinability Rating {~ree Cutting Brass=100)......... 50 Coated Meral Arc Welding. .. ... Hot Recommended
) Spot .o e Fair
Resistance Welding Seam ....... Not Recommended
Butt .. .. Fair

The values listed abova represent reasonoble oppreximarians suitoble for ganaral enginacring use. Due fo cammartial variations in tampazition and
te monufacturing fimitoticas, they should not be used for specilication purposes. See app'itable A.5.T.M. specification refurences.
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COPPER ALLOY No. 349 (Continued)

Forms and Tempers Annsated Tempers Rolled or Drawn Tampars Hot
Most Commonly Used Finished 3
= Tempers K
3 o
Nominal Grein Size mm g z
3 a
; £
[
3 £ 8 1y £
_ = - c ¢l &
33 5,8 = £ 5 ils B
£ £ - - = Bl 35K
< 4l = &8 £ a 2 & c O O}« £ 1=
82@339.:;;5:%9;.?;;3;5“--
SE8EBEEFT| 53 F¢f 225551572k

Strip, Rolled
Strip, Drawn
Flat Wire, Rolled
Flat Wire, Drawn
Bar, Rotled
Bar, Drawn
Sheet

Plaie

ROD
WIRE
TUBE
PIPE
SHAPES

..........................................................................

FLAT
PRODUCTS

...........................................................................

...........................................................................

1. DRAWN ~ GENERAL PURPOSE temper is used
for generad purpose tube only, usually where there
is 00 redd requirement for fugh strength or hardness on
the one hand or for bending qualities on the other,

2. HARD DRAWN temper is used
only where there is need for a tube
as hard or as strong as is commer-
cially feasible for the size in question.

3. LIGHT DRAWN - BENDING temper is
used only where a tube of some stiffness, but
yet capable of readily being beni (or other-

wise moderately cold worked) i3 needed.

Mechanicai Properties Yiald Strangth Elanga-
Tansila { 5% Ext. tion Rockwsl! Shear Fatigus
Size Strangth | under Load}| {.2% Offset}| in 2in. | Hardness | Strength Strangth
Form Section Tamper .
Millian
in. ksi ksi ksi ® ;{ 8 !.’lﬂ'l‘ ki kst Cycles
— SRR R SR SR SR SRR SRR R R —
ROD 250 in 035mm ,........ 53.0 24.0 30 (15 - - 34.0
t.0in Quarter Hard (10%} .} 56.0 42.0 42 - 70 - 360
‘WIRE 750 in 350 mm ......... 48.0 ia.0 72 167 - - 32.0
250 in OI5mm ......... 55.0 22.0 48 |70 - - 35.0
250in. | Quarter Hard (21%) .| 68.0 55.0 18 - 72 - 41.0

The valuas listed gbove represent recsoncbls approximations suitable for ganeral enginesring use. Dus to commarcial variations in compatition and
1o uring limi they should not be used for specifization purposes. Ses applicoble AS.T.M. specificiticn references.
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COPPER ALLQOY No. 350 (veDiUM-LEADED BRASS, 62%)

Compositian — percent
Nearest Applicable A S T M Specifications

Nominal | Minimum | Maximum

Flat Products B12]

Copper 62.5 §9.0* 64.0 Rod B453
Lead i1 8 1.4 Wire
Iron .10 Tube
Zinc 364 Remainder Pipe
Total Other Elements B e 50 Shapes

*Copper, 61.0% minimum for rod.

Physical Properties

English Units C. G. 5. Units
)
Melting Point (Liguidus) 1680 F 915 C
Melting Point (Salidus) 1640 F 893 C
Density 306 thjcu in @68 F 847 pmfecucm @20C.
Specific Gravity 8.47 §8.47
Coefficient of Thermal Expansion per °F fromé8 F ta 212 F per °C from 20 C 1o {100 C
Coeff{icient of Thermal Expansion per°F from 68 F to 392 F per*C from20C 10200 C
Coefficient of Thermal Expansion 0000813 per°F from 68 F to 572 F 0000203 per°C from20C to 300C
Thermal Conductivity 67 Btu fsg ft {ft fhr /°F @68 F 28 calfsqem fem fsec P C@20C
Etectrical Resistivity (Annealed) 39.9 Ohms (circ mil /it )@ 68 F 6.63 Microhm-cm @ 20C
Elecirical Conductivity® {Annealed) 26 S JACS@68 F 51 Megmho-em @ 20C
Thermal Capacity {Specific Heat) 09 Bu/lb°F @68 F 09 calfgm/f°C @20C
Modulus of Elasticity (Tension) 15,000,000 psi 10,500 Kg/sq mm
Modulus of Rigidity 5,600,000 psi 3,900 Kg/sq mm

*Volume Basis

Typical Uses
Bearing cages, book dies, clock plates, engraving
h plates, gears, hinges, hose couplings, keys, lock parts,
» +.—I0€K “tumblers, meter parts, sink strainers, strike
S " plates, templates, nuts, type characters, washers, wear
i plates

Common Fabrication Processes
[T VA ST
Blankirsg, machining, piercing and punching, roll
threading and knurling, stamping

Fabrication Properties

Cupacity for Being Cold Worked .. .. ............... Fair Suitzbility for being joined by:
Capacity for Being Hot Formed .. ................. Fair Soldering. .. .....virtiinieina... Excellent
Hot Forgeability Rating (Forging Brass=100)..,....... 30 Brazing ... .t e e .Good
Het Working Temperature ..., 1400-1500 F or 760-800 C Oxvacetylene Welding. .. ... ... Not Recommended
Annesling Temperature. ... ... 800-1100 F or 4235500 C Gas Shisldsd Arc Welding. ... .. Hot Recommended
Machinability Rating (Free Cutting Brass =100}, . ....... 70 Toated Meial Arc Welding ... .. Not Recommended
. Spot ........ Not Recommended
Resistance Welding Seam........ Not Recommended
Butt ... ... ...l Fair

Tha values listed chave reprezent rearanchle opproxzimatien: witcble for gengral erginzering use, Due 1c commercial variations in consposition ond
1o marulocturing Himitations, they thould not be vied for specification purpeies. See opplicable 4.5.T.M. specification refarences.
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COPPER ALLOY No. 350 (continued)

Forms and Tempars Annsaisd Tempers Rolled or Drawn Tempers Hot .
Most Commonly Used W Finiched| )
= Tampers
rY 8
Naminal Grain Siza mm g 13
b a K
2 ¥ - 8 ]
© & ™ i
5 8| @ I £ - P S coc 3 g8
HEEDE R R R IE
= - -
Saggnegfz‘é:EE’g;?EEfS"
9 aaalada3|d 4 2EFEFE S F T2 g §
Strip, Rofled f -+~ - -+ O 0 @B P I 2T ITE T U I
Strip. Drawn .......................................... taseasrsn s s acentesdemnnacalaensses
Flat Wire, Rolled § «-++--+ .. e es e b a e a st D A
FLAT Flat Wire, Drawn J - -+ oro-vroenn il P e
PRODUCTS Bar, Rolled  ror oo e e e s e
T N AR T B L LR PR PR PRSP PR
N B R S S T L LTI IR IS SIS I
L I R T O I R R IR I
RODE-~---- [ T IR I [ P Y Y
L I N N T O s P P
TUBE B -« ccvvmeriiiri i iinaiiiincanauans B I :
PIPER - - cvrecveraonnacanra]ormneiainnrinneinanntnenesnaanannnafencans Lt
SHAPES B - -+ v vrvriieni e e ) ..
1. DRAWN . GENERAL PURPOSE temper is used 2. HARD DRAWN itemper is used 3. LIGHT DRAWN - BENDING temper is
tor general purpose tube only, usually where there only where there is need {or a tube used only where g tube of some stiffness, but
is no real requirement for high strength or hardness on as hard or as strong as is commer- yet capable of readily being bent (or other-
the one hand or for bending qualities on the other, cially feasible for the size in question. wise nsderately cold worked) is needed.
Mechanical Properties Yiald Strangth Elongs-
Tansile (.6% Ext. tion Roclcwalt Shaear Fatigus
Size Strength | under Load)| [.2% Offset}| in2in. | Hardness | Strength Strength
Form Saction Tempaer -
Miltion
in. Ksi ks ksi % | elelzor| M ksi Cycle
FLAT 040in, |[050mm .......... 45.0 13.0 13.0 57 61 - - .
PRODUCTS B35 mm ... ..., 47.0 6.0 16.0 54 67 - - PPN P
025 mm ..........] 48.0 20.0 20.0 50 m- -
MSSmm .......... 5t.0 25.0 25.0 46 74 ~ - . .
Quarter Hard ., .. ... 54.0 32.0 34.0 43 - 33 52
Half Hard ... ....... 60.0 45.0 450 29 -~ 66 60
Three Quarter Hard . .| 67.0 530 55.0 17 - 75 68
Hard.............. 73.0 60.0 60.0 10 - B0 71 . N
ExtraHard....,....| 84.0 65.0 69.0 5 -85 75
ROD S500in, [O0530mm .......... 48.0 16.0 cees 56 65 — 25 340 SN P )
Oldmm ..., 55.0 250 45 B5 - 50 36.0
Quarter Hard (10%)..| 58.0 440 e 42 - 60 57 38.0 . .
Half Hard (20%). . ... 70.0 520 cea 22 - 80 70 420

The values listed above repressent revaonabls approsimations suitable lor gendral enginesring vs, Due to commaercial variations in composition and
1 10 to factiuring lmirati thay thould not ba used far specification purposas. Ses opplicoble A.5.T.M. specificaticdn references,




COPPER ALLOY Nos. 342 and 353 (HiGH-LEADED BRASS)
{See also Copper Alloy No. 332)

Compaosition — percent
Nearest Applicable A S T M Specifications

Coppar Aloy No. 342 Copper Alloy No, 353
Nominal | Minimum !Maximum Nominal | Minimum ] Maximum Fiat Products BI2]
Copper 64.5 62.5 66.5 62 59.0% | 64.5 Pipe
iron 0.1 1 sh
Zinc 335 Remainder 36.2 Remainder apes
Total Other Elements e v .05 e e 5 Tube
Wire
* For rod, the copper content shall be 61,0 percent minimum.
ical Properties
Physical Proper English Units €. G. 5. Units
Melting Point {Liquidus) 1670 F 910 C
Melting Point (Solidus) 1630 F 885 C
Densijty 306 1b ey in @68 F 8.47 gm fcucm @ 210 C.
Specific Gravity 8.47 847
Coefficient of Thermal Expansion per°F from 68 F to 212 F per°C from20C to 100 C
Coefficient of Thermal Expansion per°F from 68 F to 392 F per °C from 20 C 1o 200 C
Coefficient of Thermal Expansion .D000113 per°F from 68 F ta 572 F .0000203 per°C from 20 C to 300 C
Thermal Conductivity 67 Btu jsq ft /it jhr /°F @68 F 2B cal jsqem Jem fsec PC @20 C
Electrical Resistivity (Annegaled) 39.% Ohms (circ mil /fft )@ 68 F 6.63 Microhm-cm @20 C
Electrical Conductiviey® (Annealed) 26 WIACS @68 F 151 Megmho-crn @20 C
Thermal Capacity (Specific Heat} .09 Btu /IbF @68 F 09 cal/jgm /°C @20 C
Madulus of Elasticity {Tension) 15,000,000 psi 10,500 Kg fsq mm
Modulus af Rigidity 5,600,000 psi . 3,900 Kg /sq mm

* Volume Basis

Typical Uses

HARDWARE. clock plates and nuts, clock and watch parts,
gears, wheels .
INDUSTRIAL:  channel plate

Common Fabrication Processes

Blanking, machining, piercing and punching, roll threading and knurling, stamping

Fabrication Properties

Capacity for Being Cold Worked ... ..., ... ....... Fair Suitability for being joined by:
Capacity for Being Hot Formed ... ... .. .on0ts Poor Soldering. oo vee i Excellent
Hot Forgeability Rating {(Forging Brass=100) «....-...... BraZing - vvveiviniiiineineneneen Good
Hot Working Temperature - ----.....-. For ----.. c Oxvacetylene Welding .- ...... Not Recommended
Annealing Temperature . ....... BOO-118QF or 425-600 Tas Shislded Arc Welding ... .. Hot Recommended
Machinability Rating (Free Cutting Brass = 100)......... &0 Ceatad Keatal Are ngdi[]vg ..... Mot Rzcommsended
Spot s eeev.nn Not Recoininended
Resistance Welding LT P Not Recommendad
1014 S Fair

The voluas listad above represent resienable apprasimation: suitably for generc! enginsaring use. Due 18 commarzial variclions in composition and
to manulacturing limitations, thay sthould not be vied for specification purposes. See cpplicoble A.5.T.M. specification referencas.
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COPPER ALLOY Nos. 342 and 353 (continued)

Forms and Tampers Annesled Tempars Rolied or Drawn Tempers Hot .
Most Commoenly Used Finighed| |
-~ Tempars]' .-
g pul?
Nominsi Grain Siza mm & z
T & ?
% . @
- o i £2 Ity §
= b T v € g £|2
i 3235 @ £9 %1z
44 5 2 ¢ fg‘%ﬂﬁn“ﬁi
segagels bl s fFERe
=3 qqqa;maiﬁiu&mn‘iﬁ-!&.;
Su—ileolied ......... @ - [ URICIRIE IREPI e @ - O S L LT TP D B
Steip, Drawn J - - - - - e e
Flat Wire, Rolled B -« - v v vt e e s i e et i ee s et ittt aiaae it ncrrnncnn oo e e den e
FLAT Flat Wire, Drawn J - - v o oo e ea i e e e e
PRODUCTS Bar, Rolled - - -v vt * - U P
Bar, Drawn B - - - - - v oo e
Shcet ................. [ R I T T Tt
L Plate 8 - v e vovimmeieneee oo, U KN
RODEg: - -+ @ -1 .- ! R R I S S T S S R R Y I
WIRE R - - i e o
g ) A [ PSP IR P,
o1 S PP SR 3
SHAPES B - -« e e e )

1. DRAWN — GENERAL PURPOSE temper is used
for general purpose tube only, uvsually where thete
is no real requirement tor high sirength or hardness on
the one hand or for bending qualities on the other.

2, HARD DRAWN temper is used
only where there is need for a tube
3s hurd or as strong as is commer-
cially feasible for the size in question.

3. LIGHT DRAWN - BENDING temper is
used only where a tube of some stiffness, but
yet capable of readily being bent (or other-
wise moderately cold worked) is needed.

Mechanical Properties Yiald Strangth Elonga-
Tensite | {5% Ext. tien Rackwall Shear Fatigus
Sizs Strangth | undes Loadll (.2% Offset}| in2in. | Hardness | Strangth Strength
Form Section Temper -
Million
in. i ksi ki % | f[sjsor] i ksi Cycles
S S ———
FLAT MG in, O35 mm ......... 49.0 17.0 32 68 - 31 340
PRODUCTS Quarter Hard ., ... 34.0 40.0 38 - 55 54 360
Halt Hard ........ 6l.0 50.0 20 — 70 65 400
Hard .. .......... 74.0 6.0 7 - B0 69 430
Extra Hard ....... 85.0 62.0 5 - B7 7H 4350
ROD §1.0in. Half Hard {20%) ... 58.0 43.0 25 - 75 -

The values listsd cbgve raprasant reasonabls approximations suitable far gensral enginesring use. Due 1o commarcia| variations in somparition and
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COPPER ALL.OY No. 356 (exTRA-HIGH | EADED BRASS)

Composition — parcant

Nearest Applicable A S T M Specifications
Nominal | Minimum | Maximum
. - 3
Copper 62 590+ 64.5 Flat Prod:fts BI2]
ipe
d 2. 2.0 .
Lea 3 30 Rod | B453
Iron 10 Sh
Zinc | 355 Remainder ;pss
Total Other Elements e R .50 u. ¢
Wire
*Copper, 60.0% minimum for rod.
Physical Properties
English Units C. G. §. Units
Melting Point (Liquidus) 1660 F Q05 C
Melting Point {Solidus) 1630 F 885 C
Density 307 Ibfeu in @68 F 850 gmjcucem & 20C.
Specific Gravity 8.50 8.50
Coefficient of Thermal Expansion per °F from 68 F to 212 F per*C from20C 10 100 C
Coefficient of Thermal Expansion per°F from 68 F to 392 F per °C from 20 C toc 200 C
Coefficient of Thermal Expansion 0060114 zer°F from 68 F to 572 F 0000205 per°C from20C 10300C
Thermal Conductivity 67 Btu jsq fi /ft /he }F @68 F .28 cal jsgcm Jem fsec )2C @ 20C
Electrical Resistivity { Annealed) 39.9 Ohms {(circ mil /it Y@ 68 F 6.63 Microhm-cm & 20C
Electrical Conductivity* (Annealed) 26 %2 IACS@ 68 F 151 Megmho-cm @ 20C
Thermal Capacity (Spzacific Heat) 09 Btu/lb°F @68 F .09 cal/gm/C @20C
Modulus of Elasticity (Tension) 14,000,000 psi 9,800 Kg/sg mm
Modulds of Rigidity 5,300,000 psi 3,700 Ke/sq mm

*Volume Basis

Typical Uses

i

HARDWARE: Clock plates and nuis. clock and watch
backs, clock gears and wheels

INDUSTRIAL: Chaanel plate

Commen Fabrication Processes
Blanking, machining, piercing and punching; stamping

Fabrication Properties

Capacity for Being Co'd Worked .. ........ e Poor Suitability for being joined by:
Capacity for Being Hot Formed ......cco. o ..., Fair Soldering ... ... Excellent
Hot Forgeability Ruting (Forging Brass = 100} Brazing ... . e Good
Hot Working Temperature . ... 1300-1450 F or 700-800 ¢ Oxyacatylene Welding ........... Not Recommendead
Annealing Temperaturz. .. .., .. 803-1100F or ¢23-600 ¢ Gas Shielded Arc Weiaing ......... ot Recommended
Muchinabiliey Rating {Free Cutting Brass=100)........ 100 Coated Metal Arc Welding ..... ... Not Recommended
Spot «.viviin... Not Recommended
Resistance Welding Seam .......... Not Recommended
Butt ... Fair

The valves listed chove represent recseachle opproximelions suitable for puneral thgingering wse. Due 1o commercial variations in campesition and
to menufocturing limilations, they should not be used for specificotion purposes. See opplicable A.5.T.M. snecification references,
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COPPER ALLQOY No. 356 (continued)

Forms and Tempers Annsa
Most Commonly Used
Nominal Gra
2E 8

Strip, Rolled E-.-......
Strip, Drawn
Flat Wire, Rolled
Flat Wire, Drawn
Bar, Rolled

Bar, Drawn
Sheet

Plate

ROD

WIRE
TUBESX..

PIPE

SHAPES

FLAT
PRODUCTS

1. DRAWN -~ GENERAL PURPOSE temper is used
for general purpose tube only, usually where there
is no real requirement for high strength or hardness on
the one hand or for bending qualities on the other,

led Tempars

in Size mm

......................
....................

2. HARD DRAWN temper is used
only where there is need for a tube
83 hard or as strong as is commer-
cially feasible for the size in question.

Rolted or Drawn Tempers

Eighth Hard

Quarter Hard

Three Quartar Hard

Extra Spring

Drawn — Ganers! Purpose (1)
Hard Drawn (2)

Light Drgwn — Banding (3)

Half Hard
Extra Hard

......................................

Hot
Finished
Tampars

As Hot Rolled
As Extrodad

Fatigus

Special Tempors

3. LIGHT DRAWN — BENDING temper is
used only where a tube of some stiffness, but
yel capabiz of readily being bent {or other-
wise moderately cald worked) is needed.

Strangth

Mechanical Properties Yield Strangth Elongs- | -
Tensita { {5% Ext. tion | Rockwatt | Shear
Size Strangth | undar Load)] (.2% Offset]] in2in. | Hardness | Strength
Form Saction Tempar .
Million
in. ksi kesi ksi % ksi fesi Cycles
i — _-—-—h—-———-m*;
FLAT 040in, (OS0mm.......... 470 16.0 17.0 60 6212 -
PRODUCTS ¥ mm.......... 49.0 17.0 cen 50 68 - 31
Ol5mm.......... 34.0 32.0 33.0 42 Bs 52 -~
Quarter Hard. . ... .. 54.0 40.0 e 35 - 55 54
HalfHard ......... 61.0 50.0 52.0 20 - 70 65
Hard ............. 74.0 65.0 68.0 8 - Bl -
Extra Mard.,..... . 38.0 66.0 77.0 5 - B85 =
Spring. ........... g2.0 67.0 83.0 4 - B7 -
Extra Spring . ... 97.0 68.0 87.0 3 - 89 -
1
Tha volues |lsted above reprassnt ¢ ble cpproximeti La for gensral angineering vss. Due 1o commercial variations in compoaition ond
112 to manocturing limitations, they thauld nat ba wred far lpndll:nllon purposas. See cpplicobls A.5.T.M. specificoricn referances.
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COPPER ALLOY No. 360 (FREE CUTTING BRASS)

Composition — percent

/ L, s
A

s

Nearest Applicable A S T M Specifications

Nominal | Mintmum | Maximum
St Flat Products Bl6
Copper 6l.5 60.0 63.0 Pipe
LEad 3 2.5 3 i RDCI Bl &
iron 35
Zinc | 35.5 Remainder Shapes §  B16
Total Other Elements .50. Tube
Wire
. orti
Physu_:al Pl’Op ties English Units €. G. 5. Units
Melting Point {Liquidus) 1650 F 800 C
Melting Point (Solidus) 1630 F 885 C
Density 307 1b fcu in @68 F 8.50 gm feucm @ 20 C.
Specific Gravity 8.50 B.50

Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Thermal Conductivity

Electrical Resistivity {(Annealed)
Electrical Conductivity* (Annealed)

per°F from 68 F to 212 F
per°F from 68 F to 392 F
0000114 per°F from 68 F toa 572 F
67 Btu /sq ft /Tt /hr °F @ 68 F
39.9 Ohms (circ mil /ft )@ 6B F
26 % JACS®@68 F

0000205

.28
6.63
1351

per®*C from20C to 100 C
per*C from20C te 200C
per°C from 20 C to 300 C
cal fsqg cm fem fsec [FC @20 C
Microhm-cm @20 C
Megmho-cmn @ 20 C

Thermal Capacity (Specific Heat) .09 Btu /Ib°F @68 F 09 cal jgm /°C @20 C
Modulus of Elasticity (Tension} 14,000,000 psi 5,800 Kg /sq mm |
Modulus of Rigidity 5,300,000 psi 3,700 Kg/sq mm j
* Yolume Basis |
Typical Uses |
HARDWARE: gears, pinions ;
INDUSTRIAL: automatic high speed screw machine parts
Comrmon Fabrication Processes
Machining, roll threading and knurling
Fabrication Properties
Capacity for Being Cold Worked .. ... .. ivivivann, Poqr Suitabjlity for being joined by:
Capacity for Being Hot Formed . .................. Fair Soldering .............. veveessess . Excellent
Hot Forgeability Rating (Forging Brass=100) - -+ .- -+ ... Brazing ..... T e .Good
Hot Working Temperature, . . ., 1300-1450 F or 700-800 C Oxyacetylene Welding ....... Not Recommended
Annealing Temperature .. ... .. 800-1100 F or 425-600 C Gas Shielded Arc Welding .. ... Not Recommended
Machinability Rating (Free Cutting Brass= 100) ....... 100 Coated Metal Arc Welding ..... Not Recommended
Spot ....... Not Recommended
Resistance Welding Seam ....... Not Recommended
Butt ........ .. Fair

The values listed obgve represent reasonohle approximations suitable for genaral engineering vie, Due 10 cammaerclicl variaticns in compesition and
1o menufacturing limitations, they should nat be used for specification purposes, See opplicoble A5, T.M. specifizatian referances.

(Continued on cther side)
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| | | Arts 4 410
COPPER ALLOY No. 360 (continued)

Forms and Tempers Annealed Tempaers Rolled ar Drawn Tempers Hot
Most Commonly Used Finishad
oo Tempars
s 8
Nominal Grain Size mm E .g
; s 3
b E .~ @ 3
- o 5 g T iz 2
T 8T _F e B8 5 E|3 RfiE
e ¢} T F 2 3 5 1 p Bl 3J)r&
<l - 5 £ 9 £ @ . 6 o : Els
2ggggols |25z £z FEe oy ozl bl
cs 88388 d|& s FE FE F XS E Fla ald
—-——_—_—nn—-_—d_v—m—ﬁ—-_
Strip, Rolled 8. - - . oo o e e e e et i T
Strip, Drawn g - - o . - v e e e e e O T
Flat Wire, Rolled g - -+ -« - oo v vt et e o e e e e e e e e e e e e e e e e R
FLAT Flat Wire, Drawn 8. . . . - o o o oo i s c e e o e e e s e e e e e e ... b .
PRODUCTS Bar,Rolled B . . . . o oo oo i e e e e e B A A
Bar,Drawn 2. ........ ... . . ... R Y TSR P - .
Sheet - ... . .- ... oo oo e e
1 1 Lo
RODBE............... ®. ... 1. ... L S T
WIRE B. .o e e e e e e e L. B
TUBEE.......... ... . ...y, I [ oren e L ...
04 S S L )
SHAPES B. ... - v iie i, O I T N
1. DRAWN — GENERAL PURPOSE temper is uscd 2. HARD DRAWN temper is used 3. LIGI'T DRAWN - BENDING temper is
for general purpose tube only, usually where there only where there is need for a tube used on y where a tube of some stiffness, but
is no real requirement for high stcength or hagdness on ns hard or as strong as is commes- yet cap:ble of readily being bent (or other-
the one hand or for bending qualities on the other. cially feasible for the size in question. wise mao:lerntely cold worked) is needed.
Mechanical Properties Yisld Strength Elonga-
Tensile | (5% Ext. tion Rockw it | Shear Fatigue
Siza Strength | under Load){ {.2% Offsat)| iR 2in. | Hardn ss |Strangth Strangth
Form Baction Tempar .
Million
in. ksi ksi ki % E I B 3or] ks ksi I Cyclas
— —— E
FLAT 250 in, | Quarter Hard (11%) . 56.0 45.0 e 20 - 62 - 330
PRODUCTS
. &iGrr)
ROD § 1.0in. Soft Anneal ,...... 49.0 18.0 SN 53 |68 - -} 300
250in, | Half Hard (25%). ... 68.0 52.0 R 18 - 8 - 38.0
L ahAelf 1,000, Half Hard (20%).... | 58.0 45.0 ceen 25 |- T -1 340 (... L.
2.0in, Hulf Hard (15%). ... 55.0 44.0 ceen 32 - 78 -~ 32.0 20.0* 100
Lo 14.0* 100
SHAPES 500 in. | As Extruded....... 450 8.0 Caa 50 68 - - 30.0 R e \I;
Quarter Hard (11%) . | 56.0 45.0 oo 20 (-6 -1330¢.... .... .7

1
'

* Independent rotating beam tests, diameter of test section: 0.350 in.

The values listed chove reapeesant reasonoble approximations switoble for geperal snginearing use. Due Yo commercic  varlations in composition and
114 10 facturing limiiations, they should not ba used for specification purposes, Sew applicable A5,T.M. sp cificaticn relarsnces.
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COPPER ALLOY Nos. i’ﬁ@%ﬁ%} 3@#’ éi’ﬂéﬁ 368 (LEADED MUNTZ METAL)

Compasition — percent

Nearest Applicable A S T M Specifications
Nominal | Minimum § Maximum
Flat Products B171,B432
Copper 60 58.0 61.0 i :
Lead 6 4wl o Fipe ]
Iron 15 Rod
Tin e ceee .25 Shapes
Zinc 394 Remainder
As,SborPri{ ... o) jpee Tube
Total Other Elements oo | REi Wire
® The uninhibited alloy is Copper Alloy No. 365 i
** Arsenic, Antimony and Phosphorus inhibited alloys are identified I
respectively by Copper Alloy Nos. 366, 367 and 368
Physical Properties
English Units C. G. 5, Units
} Melting Peint (Liguidus) 1650 F 900 C
Melting Point {Solidus) 1630 F 885 C
Pensity 304 b /eu in @68 F B.41 gm fcucm & 20 C.
Specific Gravity 841 B4l :
Coefficient of Thermal Expansion per®F from 68 F to 212 F per °C from 20 C to 100 C :
Coefficient of Thermal Expansion per*F from68 F 1o 392 F per *°C from 20 C 10200 C N
Coefficient of Thermal Expansion 000016 per°F from68 F to 572 F .0000208 per®C from 20C to 300 C 1
Thermal Conductivity 71 Btu/sq {t /fi/hr °F @ 6B F .29 cal /sqg cm fom fsec /2C @ 20 C ;
Electrical Resistivity (Annealed) 37.8 Ohms {circ mil /it )@ 68 F 6.16 Microhm-cm & 20C i
Electrical Conductivity* {Annealed)} 28 ZIACS @68 F 162 Megmho-cm @ 20C :
Thermal Capacity (Specific Heat} .09 Btu/Ib°F @68 F .09 cal jgm f*C @ 20C ;
Modulus of Elasticity (Tension) 15,000,000 psi 10,500 Kg/sq mm i
Modulus of Rigidity 5,600,000 psi 3,200 Kg /sqg mm :
* Yolume Basis d
Typical Uses )
INDUSTRIAL: condenser tube plates
Common Fabrication Processes
Machining
Fabrication Properties
Capac?ly for Being Cold Warked ................... Fair Suitebility for being joined by:
Capacity for Being Hot Formed ............... Excellent Soldering. -« o - v o e Excellent
Hot Forge_abllity Rating (Forging Brass = 1083) ............ Brazing . ..vvveiii e Good !
Hot “'grklng Temperature .... 1150-1450F or 625-800 C Oxyacetylene Welding .- . .- v iivnnn.. Fair ;
Annealing Temperature .. ... .. BOO-1100F or 415600 C Gas Shielded Are Welding . ..o oo oo ononn Fair :
Machinability Rating {Free Cutting Brass=100)......... 60 Coated Metal Are Welding. ... .. Not Recommended !
Spot ........ Not Recommended
Resistance Welding Seam........ Not Recommended :
< VT & Fair !

The voluws lizted obove repreient regionoble opproximatioms suitcbie for genero! enginerring use Due 1o commercinl variations in compoution and
1o manufacturing limitations, rthey should not be uied for specilication purposes. See applicable A.5.T.M. 1petilitotion referances.

{Continued on other side) 1 ‘}5




COPPER ALLOY Nos. 365, 366,367 and 368 (continued)

Forms and Témpers
Most Commonly Used

2

070

! " Strip, Rolled
\ Strip, Drawn
i Flat Wire, Rolled
Flat Wire, Drawn
Bar, Rolled

: Bar, Drawn
i Sheet
Plate
ROD
WIRE
TUBE
PIPE
SHAPES

FLAT
PRODUCTS

1. DRAWN - GENERAL PURPOSE temper is used
for general purpose tube only, usually where there
is no real requirement for high strength or hardness on
the one hand or for bending qualities on the other.

Annsaled Tempers

Nominal Grain Size mm

035
025
016

Soft Arinsal

Light Anneal
Eighth Hard
Quarter Hard

Half Hard

Three Quarter Hard

Hard

2. HARD DRAWN temper is used
only where there is need for 8 tube
as hard or a&s strong 2s is commer-
cially feasible for the size in question.

Roliad or Drawn Tempar:

Hot
Finishad
- Tempers
2 g
g H
i
: _ &
fe i)y |l
® E 3 § 3|3 Y|E
2 & ! 5 5|5 2)¢
g e 5 51z £l3
g fE 2 o5 2|2 &)
E RS % 5|2 2/

3. LIGHT DRAWN - BENDING lempe: )
used only where a tube of some stiffness, but
yet capabie of readily being bent {or other-
wise moderately cold worked) is needed.

Mechaniczl Properties Yieid Strangth Elanga-
Tensila | | 5% Ext. tion Rockwell | Shear ratigue
Size Strangth { under Load}] (2% Offsst}] in2in. | Hardness | Strengih Strangth
Form Section Temper Mitlion
et ————— e —
PLATE §i.0in. As Hot Rolled . . ... 54.0 200 45 BO - -— 40.0

Tha vajuss lislad above rapresent repsencble approximations svitable for general enginesring vie. Due to commertial variotions In cempesition and

116
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10 monulacturing limitotions, thay should not be vssd tor specificatlon purposes. Ses opplicable A 5.T.M. specificatidn referances.
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inposition ~ percent

__ —COPPERALLOY No. 370 (FREE CUTTING MUNTZ METAL)

Nearest Applicable A8 T M Specifications
Nominal | Minimum | Maximum
Flat Products
Copper 60 59.0 62.0 Pipe
Lead 1 .9 1.4
iron ] A% Rod
Zinc 39 Remainder Shapes
Total Other Elements .50 Tube B135
Wire
|
PhYSIcal Propertles Engiish Units C. G. 5 Units
Melting Point {Liquidus) 1650 F 900 C
Melting Point (Solidus) [63C F 885 C
Density A04 b jee in @68 F 8§41 gm /cucm @ 20C.
Specific Gravity 8.41 B.41]

Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Thermal Conductivity

Electrical Resistivity {Annealed)
Electrical Conductivity ® (Annealed)
Thermal Capacity (Specific Heat)
Modulus of Elasticity {Tension)
Modulus of Rigidiiy

" Volume Basis

0000116

per °F from 68 F to 212 F
per*F from 68 F to 392 F
per °F from 68 F te 572 F

per®*C from 20 C to 100 C
per°C from 20C 10200 C
0000208 per=C from 20C (0300 C

6% Bu fsq ft /it Jar f°F @ 68 F 28 cal fsq em Jem Jsee 2C& 20C
38.4 Ohms (circ mil /it )E 68§ F 6.39 Microbhm-cm @ 20 C

27 ¢ 1ACS@ 68 F

09 Blu/lbF @68 F

15,000 000 psi
5,600,000 psi

INDUSTRIAL:

Capacity for Being Coid Worked
Capacity for Being Hot Formed .. ........
Hot Forgeability Rating (Forping Brass = 100)
Hot Warking Tempersture
Annealing Temperature

Typical Uses

158% Megmho-em @ 20 C
09 cal jgm /°C @ 20C
10.500 Kg/sg mm
3.500 kg sq mm

automatic screw machine products

Commeon Fabrication Processes

Fabrication Properties

..... 1150-1450F or

........ BBO-1100F or 425-.500 C
Machinabitity Rating { Free Cutting Brass = 1 00)

Machining

625-800 C

Suitability for being joined by

Soldering. .. . ... oL Excellem
Brazing .. .. ... ... Good
Oxyacetylene Welding. .. ... ... Not Recommended

Gas Shielded Arc Welding ... .. Not Recommended
Coated Meral Arc Welding ... .. Not Recommended

Spot ........ Not Recommended

Resisiance Welding Seam ...-... Not Recommended
Butt ... .. Fair

The values listed obove represent reasonoble appro=itgtions twitable for general engineering use. Due 1o commercial varictions in zomposition ond
1o manufactyring dimitgtions, they shoutd not ke uted for specification purposes. See applicable A5 T M, speciticotion relerences.

{Continued on ather aide)
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COPPER ALLOY No. 370 (continued)

Forms and Tempers
Most Commonly Used

1 -Binig, Ralle
Strip, Drawn
Flat Wire, Rolled
Flat Wise, Drawn
Bar, Rolled

Bar, Drawn
Sheet

Plate

ROD

WIRE

TUBE

PIPE

SHAPES

FLAT
PRODUCTS

1. DRAWN — GENERAL PURPOSE temper is used
for general purpose tube only, usually where there
15 no real requirement for high strength or hardness on
the one hand or for bending gualities on the other.

Annsaled Tempars

Nomins| Grain Sizemm

Rolled or Drawn Tempaers Hat .
Finished i
- Tempers ’
't 2
P r
® & E
£ E 2 "
_ - 5 :H g g
183 £ .5 3 E£¢6 % 3|3 3¢
55:3_33 g &lﬁgﬂ:g'—
- [a] - —
s owsie|l2 ES 82 B fe |E &|F
dq3a(8 % féfE 2 Es 232 2|8

2. HARD DRAWN temper is used
only where there is need for a tube
as hard or as strong a5 is commer-
cially feasible for the size in question.

3. LIGHT DRAWN - BENDING temper is
used only where a tube of some stiffness, but
yet capable of readily being bent gor other-
wise moderately cold worked) is needed.

Mechanical Properties

Yieid Strangth Elanga-

Tensile | {5% Ext. tion Rockwsll | Shear Fatigus
Size Strength | undar Load} {.2% OHfset}] in2in. | Hardness | Strength Strangth
Form Section Tampar -
Mittion
in. ki ksi ksi % Fl B i.’.iDT ki ki I Cyclas
—— o — T _—
TUBE 1.5 in. OD{Light Anneal ...... 54.0 20.0 e 40 80 - 43
X .125 in.|Hard Drawn (35%)...| 80.0 60.0 e 6 - 85 74
2.0in. OD|Hard Drawn (25%)...| 70.0 45.0 10 - 75 87

X 250i0n.

The values listed above represent reasoncble approximations sitable for ganeral snginesring uis. Due 16 commarcial variations in compatition and

118

10 manviocturing limitations, they should nat be usad for specificotion purpoiss, See applicable A.5.T.M. spacificaticn reterences.




COPPER ALLOY No. 377 (rorGiNnG BRASS) -

ArS el
Composition — percent
Nearest Applicable A ST M Specifications

Nominal | Minimum | Maximum
. Flat Products Bl24
Copper 60 58.0 610 .
Lead 2 1.5 2.5 . e S :P=1pc . B
CIon [ ... o 3005 e . T Rod. BI24 L
Zinc | 38 Remainder “B124, B283
Total Other Elements .50 . '
Tube
Wire
“hysical Properties
h‘/ P English Units C. G. S. Units
Melting Point (Liquidus) 1640 F R95 ¢
Meiting Point {Solidus} 1620 F 880 C
Density 305 lbjecu in @68 F 8.44 gm fcucm @& 20C,

Specific Gravity 8.44 844

Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Thermal Conductivity

Electrical Resistivity {Annealed)
Electrical Conductivity* (Annealed)
Thermal Capacity {Specific Heat)
Modulus of Elasticity (Tension}
Modulus of Rigidity

* Volume Basis

Capacity for Being Cold Work.d
Capacity for Being Hot Formed

Hat Working Temperature | ., |,
Annealing Termperature

Machinability Rating (Free Caitting Brass = 100}

0000115

59

384

27

09

| 5,000,000
3,600,000

per®F from 68 F to 212 F
per°F from 68 F to 362 F

per*F from 68 F t0 572 F

Btu fsq ft /ft fhr /°F & 68 F
Ohms tcire mil /{1t ) E 68 F

% IACS @ 68 F

Btu /Ib°F @ 68 F
psi
psi

Typical Uses

Forgings and pressings of all kinds

Common Fabrication Processes

0000207
.28

6.39

157

08
10,500
3,900

Heading and upsetting, hot forging and press-
ing, hot heading and upsetting, machining

Hot Forgeability Rating ( Foriing Brass '=.l.(50-) '''''
1200-1500F or 650-825 C
800-1100F or 425-600 C

Fabrication Properties

Poor

per®C from20C (10100C
per®C from20C (0200C
per®C from20C 0300C
cal /sq cm fcm fsec PC @20 C
Microhm-cm 0 20 C
Mepmho-cm @ 20 C

cal fem /°C @ 20C

Kg /sqg mm

Kg /sq mm

Suitability for being joined by:

Excellant Soldering, .................. .......Excslent
... 100 Brazing . ........ .. Good
Oxyacetylene Welding ..., . ... Not Recommended

Gas Shieided Arc Welding . ... . Not Recommended

..... 80 Coated Metal Arc Weiding ..., Not Recommended
Spot . ....... Not Recommended

Resistance Welding Seam ,..... Not Recommended

Butt ...l Fair

The values listed ubove represent regsonchle approximarions wuitcble for genaral engineering uvse. Due 1o commercial variatinnt in composition and
ta manufaciuring limilations, they should rot be used for ipecification purposes. See applicable A 5.T.M, spetificotion referances.

(Continued on other side)
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COPPER ALLOY No. 377 (Continued)

Forms and Tempaers Annsated Tampers Rollsd or Drawn Tempers Hot
Most Commoniy Used Finishad
Tampers

Nominal Grain Size mm

Light Annesl

Soft Anneal

Eighth Hard

Quarter Hard

Three Quartar Hard

Extra Spring

Drawn — Ganarat Purposa (1)
Hard Drawn (2)

Light Drawn — Bending (3’
As Hot Rolled

As Extruded

Spacial Tampars

Half Hard
Extra Hard

100
070
050

035
025
015

Hard
Spring

Strip, Rolled
Strip, Drawn
Flat Wire, Rolled
Flat Wire, Drawn
Bar, Rolled
Bar, Drawn
Sheet

Plate

ROD
WIRE
TUBE
PIPER ---v i e e LT
SHAPES S e e e

FLAT
PRODUCTS

e

1. DRAWN — GENERAL PURPOSE temper is used 2. HARD DRAWN temper is used 3. LIGHT DRAWN - BENDING temper s

for generial purpose tube only, usually where there
is no real requirement for high strength or hardness on
the one hand or for bending qualities on the other,

only where there is need for a tube
as hard or as strong s is commer-
cizlly feasible for the size in question,

used only where a tube of some suftness, but
yel capable of readily being bent (0f other-
wise moderately cold worked) is needed.

Mechanical Properties Yiald Strangth Elonga-
Tensile | (5% Ext. tion Rockwell Shaar Fatigus
Size Strength | under Load)} {.2% Offset}] In21in. | Hardness | Strength Strangth
Form Saction Temper Miltion
in. kai ki ksi * ki Ksi Cycles
4_-4‘ F 1 = *SUT
ROD AND 8 0in.  [As Extruded . . .. ... 520 | 200 . a5 |78 - -
SHAPLES '

The voluss listed cbove reprasent r ble appraximations svitable for general engineering vis. Dus 10 commerciol variations in compasltion and
10 § ing limltations, they should not be usad lor spacificarion purpoies. See applicable A.3.7.M. spacificaticn rafarences,
120 : ;
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' COPPER ALLOY No. 385 (ARCHITEGTURAL-BRONZE)

;

Luimposition — percent

Nearest Applicable A S T M Specifications
pominal | Minimum | Maximum
Flat Products
Copper 57 55.0 60.0 Pi
Lead 3 2.0 38 pe
Iron e el .35 Rod
Zinc 40 Remainder Shapes B455 |
Total Other Elements e Ces .50 : :
Tube
k Wire
Physical Properties
English Units C. G. 8. Units .
Melting Point ( Liquidus) 1630 F 890 C i
Melting Point (Solidus} 1610 F 875 C ‘
Density 306 lbjeu in @68 F 847 pm fcucm @ 20C.
Specific Gravity 8.47 3.47
Coefficient of Thermal Expansion per°F from 68 F to 212 F per®C from 20 C 10 100 C
Coefficient of Thermal Expansion per*F from 68 F 10 392 F per°C from20C toc200C
Coefficient of Thermal Expansion 0000116 per*F from 68 F to 572 F 0000209 per®C from20C 10 300C
Thermal Coaductivity 71 Btu/sq ft /it /hr [°F @68 F 29 cal fsqem fem fsec o Ca 20 C
Electrical Resistivity {Annealed) 37.0 Ohmsicirc mil /ft )€ 68 F 6.16 Microhm-sm @ 20C
Electrical Conductivity * { Annealed) 28 S JACS@ 68 F 162 Megmho-cm @ 20C
Thermal Capacity {Specific Heat} 0% Biu/Ib°F @68 F 09 cal fgm f°C @ 20C
Modulus of Elasticity (Tension} 14,000,000 ps; 9,800 kg /sq mm
Modulus of Ripidity 5,300,000 psi 3,700 Kg /sq mm

*Volume Basts

Typical Uses

ARCHITECTURAL:  architectural extrusions, store fronts, thresholds, trim '
HARDWARE: butts, hinges, lock bodies | :
INDUSTRIAL: forgings

Common Fabrication Processes

Hot forging and pressing, hot forming and bending, machining

Fabrication Properties

Capacity for Being Cold Worked . ... .. ........ ... Poor Suitability for being joined by:
Capauity for Being Hot Formed . ... .. ........ Excellent Soldering. . ..., ... ... Excellent
Hot Forgeabitity Rating (Forging Brass= 100} .... . ....... Brazing ... ... .. Good
Hot Working Temperature . 1150-1350F or 625.725 C Oxyacetylene Welding. .. ...... Not Recommended
Anneshing Temperature 800-1100F or 425.600 C Gas Shielded Arc Welding ... .. Not Recommended
Machinability Rating (Free Cutting Brass = 100) .., .., .. 90 Coated Metal Arc Welding . ... Not Recommended
Spot ........ Not Recommended
Resistance Welding Seam ....... Not Recommended
Butt ..., . Fair

The values fisted obove reprerent reasonable gpprozimotiant sweitoble for general engineering use. Due to commercial veriotiom in compasition and
te manufacturing limitstions, they should not be vied lor specification purpotes. See opplicobie A.5.T.M. specilicotion references.

{Continued an other side) TZ'I




Forms and Tempers
Most Commonly Used

* Strip, Rolled

. Strip, Drawn
Flat Wire, Rolled
Flat Wire, Drawn
Bur, Rolled

Bar, Drawn
Sheet

Plate

ROD

WIRE

TUBE

PIPE

SHAPES

FLAT
PRODUCTS

1. DPRAWN - GENERAL PURPOSE tempes is used
for peneral purpose tube only, uswally where Lhere
5 na real requirement for high strength or hardness on

the one hand or for bending qualities

Mechanical Properties

Yieid Strangth Elonga-
Tensile | {.5% Ext. tion Rockwel| Shear
Size Strength | under Load}{ {,.2% Cifsat}| in2in. | Hardness | Strangth
Form Saction Teamper
. in. ksi ksi ksi % Fl EIHOT Wsi
B R B e = e
SHAPES R 1.0 in. As Extruded , ..., .. 60.0 200 30 - 65 - 350

122

'
4
Tha volues litted obove represent ragsonoble approximations switable tar general anpineering ven. Dur 10 commarcial voriations in compasition and
jo manufaciuring fimilaticoe, they shauld not be vied tor 1pscificalion purposes, Ses applicable A 5.T-4. specificaticn raferances.
R
. . - P o . " t II'

COPPER ALLOY No. 385 (continued)

- Anpeated Ternpars

Nominal Grain Size mm

Soft Anreal
Light Annaal
Eightis Hard

on the other.

Guartgr Hard

2. HARD DRAWN temper is used
only where there is need for a tube
as hard or as stfong &5 15 Commer-
cially feasible for the size in question.

Rollsg or Drawn Tempors

Drawn — Genersl Purpose (1}

Thres Quarter Hard
Extra Hard
Hard Drawn (2)

Extra Spring

3. LIGHT DRAWN - BENDING temper is
used only where a tube of some stiffness, but
yet cupable ol readily being bent {(ar other-
wise moderately cold worked) is needed.

. Hgt_'“" —_—
Finishsd &
Tempers )

) b

2

b

=

-3 -

113 -4

£1z ¥)E

R

z(% &%

512 21 &

Fatigus
Strangth

Millian
i ki ] Cycles
i —



------ COPPER ALLOY No. 411

Composition — percent

Nearest Applicable A S TM Specifications
Nominal | Minimum | Maximum
Copper 90 89 0 92.0 Flat Products B508
Lead e .10 Pipe
Iron Cea e .05 Rod
Tin .5 30 i Sh
Zine 9.5 Remainder apes
Total Other Elements e e 135 Tube
Wire B105
Physical Properties
T English LInits €. G. 5. Units
Meiting Point {Liquidus) i520 F 1050 ¢
Melting Point (Solidus) 1860 F 1015 ¢
Density 318 1bjeu in @68 F 8.80 gm/cuecm @20C.
Specific Gravity 8.80 8.80
Coeflicient of Thermal Expansion 0000102 per °F from 68 F 1o 212 F 000018 per®°C from20C {0 100 C
Coefficient of Thermal Expansion per°F from 68 F to 392 F per°C from20C to200C
Coefficient of Thermal Expansion per°F from 68 F to 572 F per®C from 20 C to 300C
Thermal Conductivity 95 Btu fsq It /ft /hr [°F @68 F 388 cal /sq cm Jem [sec PC @20 C
Electrical Resistivity {Annealed) 32 Ohms (circ mil /it )@ 68 F .533 Microhm-cm @ 20 C
Electrical Conductivity* {Annealed) 32 %IACS®@ @68 F 188 Megmho-cm @20¢ . -
Thermal Capacity (Specific Heat}) .09 Btu /ib°F @68 F 09 cal fgm /°C @20 C
Modulus of Elasticity (Tension} | 18,000,000 psi 12,600 Kg/sq mm
Madulus of Rigidity psi Kg /sq mm

*Volume Basis

Typical Uses

Bearings. bushings. flexible hose, thrust washers

Common Fabrication Processes

Blanking, drawing, forming and bending, piercing
and punching, shearing, spinning, stamping

Fabrication Properties

Capacity for Being Cold Worked ., ..., ......... Excellent Suitabilily for being joined by:
Capacity for Being Hot Formed ... ................ Good Soldering, . ....oooivin Excellent
Hot Forgeability Rating (Forging Brass = 100)............. Brazing ... Excellent
Hot Working Temperature _ . ., . 1500-1650F or 825900 € Oxyacetylene Welding . .. .. vveeernnnnnnn.. Fair
Annealing Temperature , . ... ... 800-1400 F or 425-750 C Gas Shie'ded Arc Welding. ... .......uvurn.. Good
Machinability Rating (Free Cutting Brass= 100) ., .. ... .. 20 Coated Metal Arc Welding ... . ... Not Recommended
SPOL v v Fair
Resistance Welding Seam ..,..... Not Recommended

Butt .............. e Good

The votues listed chove represent recsanoble approximations suitoble for generzl engineering vse. Due 10 commercic! variatfons in compesition ond
to monufocturing fimitatiens, they should not be used for specification purposes. See opplicahle A,5.T.M. specification references.

{Continucd on other gide}

123




COPPER ALLOY No. 411 (continueq)

R Tt Y

093
Forms and Tempers Annealed Tempers Rolled or Drawn Tempers Hot )
Most Commonly Used l Finishad o
s Tempers fi:
i & .
Nominal Grain Size mm g z2
T & z
T B g 8 g b
= o 3 £ - 4 A
B3 8,8 ¢ F&ogos|lnlfe
E B £ = 3 ] | B £loe 3| o
¢ <z 8 £ S T o d ¢ & Blg Bl :
288 elsE| 255 E3osff PB4 |
S8 883853/8F|& 82 FFE 58S F S|q 2|8 é
W— . {
Strip, Rolled § - ... o .9..0.0.....0..... .8.....8..0..8..8 . ..o foiiiioiiaann o
Strip, Drawn B - vt e e D v
Flat Wi[e’ Rolled B +++ccvvimarernrinnrssafennnsniinonssansasrasnasiosssssnsnaseasoblinnorsia]esenesn { i
FLAT Flat Wire, Drawn ] - -+ oo dei i i e P N b
PRODUCTS Bar,Rolled | <« vvvvvvevenmnnnde e
Bar, Drawn f] ........ e e P ! [ [
Sheet B -+ -« v T e [ s
Plate § ««...oveunn. N M. Y A P 0iod
] 1 - e [
WIRE R +vvvriiiiiininninadinivaaans, B e N o
TUBEH .« e e i e, B T P k.
22 0 = [ ) Ot i ) .
SHAPESH ------ . civienan.. PR T e e e D U . b
1. DRAWN — GENERAL PURPOSE temper is used 2. HARD DRAWN iemper is used 3. LIGHT DRAWN - BENDING temper is B
for general purpose tube only, usually where there only where there is need for a tube used only where o tube of some stiffness, but i
is no real requirement for high strength or hardness on as hard or as strong as is commer- yet capable of readily being bent (or other- 13
the one hund or for bending qualities on the other. cially feasible for the size in question, wise moderately cold worked) is needed. g
. &
Mechanical Properties Yiald Strangth Elonga- L
Tensile | (5% Ext. tion | pockwell | Shear Fatigus :
Size Strangth | undor Load)| .2% Offset}] iN2iN. & Hardness | Strength Strangth A
Form Section Temper - N
Million R
ksi ksi ki % F t B I3DT kesi ksi Cycles
FLAT 040in. | 050mm.....,....[] 41.0 10.0 11.0 44 38 - 18] 320 ;F !
PRODUCTS OD3I5mm.......... 42.0 12.0 13.0 43 60 - 20 330 .... e .
OiSmm........ .| 440 16.0 17.0 40 65 - - 34.0 cee- Ve b
Half Hard . ........ 55.0 48.0 51.0 12 - 67 64 36,0 o
Hard ............ 68.0 58.0 63.0 4 - 76 651 400
ExtraHard ........ 7.0 64.0 69.0 3 - 7869 ....
Spring ........... 80.0 67.0 72.0 2 - B1 74
Extra Spring . ...... 82.5 70.0 77.0 1 - B3 76
WIRE 250in, |Hard ............. 81.0 20 — ~ - .... i
00in, THard o..o...... L. 102.0 1.0 - - =] ...
05Qin, |Hard ........... ..|106.0 e e 05" - - -

* Elongation in 10 inches  ** Elongation in 60 inches

The values listed cbove represent revsonable approximations suitable for genwra! anginesring via. Due 1o commarcial variations in composition and
to manufacturing limitations, they shavld net be ussd far spscification purposes. Ses opplicabla A.5.T.M, specificatidn relerances.
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COPPER ALLOY No. 413

Composition — percent

Nearest Applicable A S T M Specifications
Nominal | Minimum | Maximum
Copper g0 89.0 83.0
Lead 10
Iron Ve R .03
Tin i a 1.3
Zinc 9 Remainder
Total Other Elements v cees 15
Physical Properties .
s English Units C. G. 5. Units
Melting Point (Liquidus) 1900 F 1038 C
Melting Point (Solidus) 1850 F 1010 Cc .
Density 318 Ibfcu in @ BB F 8.80 gm fcucm @ 20 C.
Specific Gravity 8.80 . 8.80
Coefficient of Thermal Expansion per°F from 6B F to 212 F per°C from20C to 100 C
Coefficient of Thermal Expansion per°F from 68 F to 392 F per®C from20C t0200C
Coefficient of Thermal Expansion .0000103 per°F from68 F to 572 F . .0000186 per®C from20C to300C
Thermal Conductivity 77 Btu /sq ft /fti fhr [°F @68 F .32 cal jsq cm focm fsec fFC @20 C
Electrical Resistivity (Annealed) 34.3 Ohms (circ mil /It @68 F 570 Microchm-cm @20 C
Electrical Conductivity* (Annealed) 30 BIACS@ 68 F _— 174 Megmho-cm @20 C
Thermal Capacity (Specific Heat) .09 Biu/lb°F @68 F 09 cal fgm /°C @20C
Modulus of Elasticity (Tension) 16,000,600 psi 11,200 Kg fsq mm
Modulus of Rigidity 6,000,000 psi 4200 Kg /fsq mm .

*Volume Basis

Typical Uses

Plater bar for jewelry products, flat springs for electrical switchgear

Common Fabrication Processes

Bending, blanking, coining, drawing, forming, spinning, stamping '

Fabrication Propertie.s

Cupacity for Being Cold Worked........ ... ... .. Excellent Suitability for being joined by:
Capacity for Being Hot Formed ................... Good Soldering. . .. ... et a i eiae e Excellent
Hot Forpeability Rating (Forging Brass = 100)........ ., 50 O - ¢ 75 « T Excellent
Hot Working Temperature., ... .. 415- 460F or 780-860 C Oxyecetylene Welding ................... Good
Annealing Temperature 900-1400F or 480-750 C . Gas Shielded ArcWelding ... ............... Fair
Machinuability Rating (Free Cutting Brass=100) ........ 20 - Coated Metal Arc Welding...... Not Recommended
SPOL v v Fair
Resistance Welding Seam ....... Not Recommended
BUubt - vvrve i iiinnanns Goaod

The values listed obove represent reasonable approximations suitable for genero! engineering use. Due to cammerzial variations in composition ond
to monufacturing limitations, they should not be vsed for specificalion purpeses, See applicoble A 5.T.M. specification references.

(Continued on other xide) --....0 -. ...
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COPPER ALLOY No. 413 {Continued)

Forms and Tempers ‘ Anneslsd Tempers Rolled or Drawn Tempers Mot )

Most Commonly Used Finishad
Tempers

Nominral Grain Sizs mm

Drawn - Genaral Purpose (1)}

100

270

050

.035

025

015

Soft Anneal

Light Anneal
Eighth Hard
Quarter Hard

Half Hard
Three Quarter Hard
Extra Hard
Extra Spring
Hard Drawn {2)
Light Drawn — Bending {3)
As Hot Rolled
As Extruded
Special Tempers

Hard

Stﬁp’Rollcd . N O - -0, .8, N ISP

Strip, Drawn 8-+ - -+ v eveinnn e [rorrmmrr e PP PR R P
Flat Wire, Rolled B« - -+« ccrv v i i iiiar et s e nanas I . PR e, 5
FLAT Flat Wire, Drawn 8. .. ... ..o ovvn e D O I
PRODUCTS Bar, Rolled f-...--. R, T [ F
Bar, Drawn B - - - - o oo e ;
Sheet B L R R I I R SRR FISITI
Plate B-- . oo r e s i i T [P
RODN...... ® ... ®. ..., A . ...... L .
WIREL...0.0..8..0..8...... ... ... .0 . 8. .8... .. e e
TUBE B ... i i vt e e st i i e s a e e, e [SESPIPR P \
T3 PR R EE L LI R R R P SR EEEERERRPRRRRPPSPITES NOREE N
SHAPESR............. I DR N 1.0 :
1, PRAWN — GENERAL PURPOSE temper is used 2, HARD DRAWN temper is used 3. LIGHT DRAWN - BENDING temper is
for general purpose tube only, usunlly where there only where there is need for a tube used only where 2 tube of some stiffness, but '~
is no real requirement for high strength or hardness on ns hard or as strong as is commer- yet capable of readily being bent {or other-
the one hand or for bending qualities on the other. cially feasible for the size in question. wise moderntely cold worked) is needed.
Mechanical Properties Yisld Strength Elonga-
Tensila | {.5% Ext. tion Hockwell | Shesr Fatigus
Size Strength | under Load}] {.2% Offset)| in2in. | Hardness |Strength|  Strength
Farm Saction Tempear -
Million
in. ksi [th ksi % F] B }301- ksi ksi Cyclos
L i
FLAT § .040in. d0mm ... ..., 41.0 12.0 - 44 58 - 18] 320
PRODUCTS O70mm .. ..., .o 420 13.0 e 43 59 — 19y 320 ¢ ... ...
050 mm ,...... .o 430 15.0 Ce 43 60 -~ 20! 33.0
035mm .......... 44,0 16.0 e 42 61 - 21] 340
025mm .......... 45.0 16.0 Ve 41 62 —~ 22} 340 .
O15mm .......... 46,0 17.0 e 40 63 — 25] 350 .
Quarter Hard ....... 490 40.0 . 29 - 53 541 36.0 .
Half Hard . .. ....... 56.0 50.0 . 17 —~ 68 64| 35.0 .
Three Quarter Hard . .| 64.0 55.0 . 6 - 76 701 420 .
Hard ............ 1.0 62.0 . 4 - 79 72| 44.0 _—
Extra Hard ........ 74,0 65.0 . 4 - 82 74| 460 .y )
Spring. ............ 79.0 70.0 3 -~ B6 767 480 o
Exira Spring ....... 84.0 15.0 2 ~ BB 77 450 .
WIRE {f .080in, O00mm .......... 43.0 16.0 . 45 - = | 330 -
050mm ,......... 440 17.0 . 44 - = =] 340 .
035 mm .,.... . 45,0 18.0 43 - = =| 350 R .
025 mm ........., 46.0 20,0 42 - = =] 360 ‘e ..
Ol5mm .......... 47.0 21.0 41 ~ -~ =1 360 . .
Eighth Hord . .. ..... 47.0 37.0 . 30 - - -—1 380 . e
Quarter Hard .. ..... 55.0 44.0 . 18 - - =] 390 . .
Half Hard ......... 67.0 58.0 10 - - -1 420 . .
Three Quarter Hard ..} 76.0 72.0 . 6 - =~ -=| 460 . .
Hard .......... ... 860 71.0 5 - = —1{ 510 . .
Extra Hard ........ 96.0 80.0 4 — = ] 560 . .
Spring ............ 105.0 82.0 3 - - ~] 580 .
ROD g .500 in, O50mm ..., 44.0 18.0 45 60 - 20] 34.0
O5mm .......... 48.0 22.0 42 64 — 24} 390
Eighth Hard (6%}....] 50.0 41.0 28 ~ 53 54| 40.0
Half Hurd (20%). .. .. 65.0 56.0 12 -~ 76 10{ 42.0
Hard (35%)......... 74.0 65.0 6 - 82 74 440

The values listed above represent reasonable gpproximations sullable for genercl enginascing use, Due 1o commercicl variations [n cwyz=dition ond
10 manwocturing limitalions, they should not be used for specification purposes. Sew applicable A,.5.T.M, specificatidn rafecences.
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COPPER ALLOY Np. 425~ —

Composition — percent

Nearest Applicable A S T M Specifications
Nominal | Minirmum | Maximum
Copper } BB.S 87.0 90.0
Lead . .03
fron:f .... 05
Tin 2 1.5 3.0
Zine 9.3 Remainder
) Phosphorus | .20 35
Total (riher Elements 12 15
o
Physical Properties
English Units C. G. §. Units
\ Meltinp Point { Liguidus}) i875 F 1025 €
Melting Point {Solidus) 1850 F 1010 C
Density 316 1bjcu in @ 68 F 8.75 gm/cucm @ 20C.
Specific Gravity 8.75 8.75
Coefficient of Thermal Expansion .0000K02 per*F from a8 F to 212 F 0000184 per®C from20C ta 100C

Coefficient of Thermal Expansion
CoefTlicient of Thermal Expansion
Thermal Conductivity

Electrical Resistivity ( Annealed}
Electrical Conductivity® { Anneaied)
Thermal Capacity (Specific Heat)
Modulus of Elasticity ( Teansion)

Modulus of Rigidity

per*F from 68 F to 392 F
per°F fromeb F to 572 F
32 Buu/sq {t /Tt fhr /°F @ 68 F
51.85 Qhmsécire mil /i1 )@ 68 F

200 G JACS & 68 F
09 Blu/lb°F & 68 F
18,000,000 psi
psi

per®*C from 20C 10200 C
per *C from 20C 10 300C
cal /sq cm1 fem fsec [FCE 20 C
Microhm-cm & 20 C
Megmho-cm @ 20 ¢

cal jgm 2C @ 20 C

Kg fsq mm

Kg /sg mm

213
B.62
116
0o
12,600

*Volume Basis — With 2 .05% maximum phosphorus content, electrical conductivity is 28% JACS.

Typical Uses

Electrical switches and springs, fuse and pen clips, weather stripping

Commaon Fabrication Processes

: Blanking, coining, drawing, forming, bending, heading and upsetting

Capacity for Being Cold Worked
Capauity for Beyng Hot Formed

Hot Warking Temperature . . ...
Annesling Temperature

The

Hot Forgeability Rating { Forging Brass = 100)
1455-1545F ar
800-1300 F or 425-700 C
Machinability Rating ¢Free Cutting Brass =

Fabrication Properties

Excsllant
Good

790-840 C

100b......... 30

Suitability for being joined by

Soldering. ... L Fxecellent
Brazing ... .. ... Excellent
Oxyuacetylene Welding .. ... ...... .. ..... Good

Gas Shielded Arc Welding ., . ... ... ....... Good
Coated Metal Are Welding . .. .. Not Recommended

Spot ... Fair

Resisiance Welding Seam _...... Not Recommended
Butt Good

vzlues listed obove reprerent recstnoble aoprozimaotions suiioble for genercl enpineering uie. Due to commercin! varintions in composition ond

to manufacturing limitstiond, they thould net Ee wsed bor wpecification putposes. See cpplicabie £.5. 7.4 spetification references.

1Continued on other side)
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— COPPER ALLOY NO. 425 (continued)

Forms and Tampe'rs H Annoaled Tempars Rotled or Drawn Tempars Hot
Most Commonly Used ; Finished
. = Tempers .
% 8 /
Nominal Grain Size mm § ?
T P03
T P
= o g g < | 3 i
= o [ =] [ =
3 813 5 _ & = £ &6 § §|5 ¥ |E
e | &£ B 3 3 g 1+ 8 2le 3¢
&2z 8 2 9 g e 8 093 £l3
gaoggﬁm:ggg:iegzgiegfwi
mre &893 g3|F 5 FF2ERES F B2 2

[ Strip, Rofled £+« vv- v B @B B S B BB T ST T e e
Strip, Drawn B -+ o crmre s e e
J Flat Wire, Rolled § - -« -« - ver v e e e e
FLAT Flat Wire, Drawn J o v« v rvervrenriinrrafacsraataresarrauracanssrirransesnnses ooy,
PRODUCTS Bar, Rolled -+« - vrnenennr i e e
Bar, Drawn J -- -« v o rm i e e e
Sheat | - - o rrer i el e e
Plate - - -« c e s e e e e
RODE -« oo v i e e e e e s e ke
WIREE - - o e e e
TUBE N - oo e e b
PIPE R -+ ccvcvarvvnoinnnonsafecancnnaioraninnanreeiioniinensrsanses)eeanaboiaii,
SHAPES | - - - crrmrme i imm e een ettt sanaaoeanae]enesn.
1. DRAWN - GENERAL PURPOSE temper is used 2. HARD DRAWN izmper is used 3. LIGHT DRAWN -~ BENDING tem; ]
for general purposs tube oniy, usually where there only where there is need for a 1ube used only where a tube of some stiffness, but
is no real requirement for high strength of hardness on as hard or as strong as is commer- yet capable of readily being bent (or other-
the one hand or for bending qualities on the other, cially feasible for the size in guestion, wise moderately cold worked) is needed.
Mechanical Properties Yisld Strangth Elonga-
Tensite | (5% Ext. tion Rockwel! Shear Fatigus
Siza Strangth | under Loead}| {.2% Offset}| IN2in. § Hardness | Strength Strength
Form Section Temper -
Millicn
in. ksi ksi ksi % ksi ksi Cyciles
R — ___ R, P : 1 - laoT %
FLAT 040 in, O35 mm ........ 44,0 18.0 e 50 &7 15 -
PRODUCTS Eighth Hared . . . ..., 52.0 40.0 e 38 - 50 -
Quarter Hard ... ... 57.0 47,0 Ce 22 |- 60 -
Half Hard . ........ 62.0 51.0 18 - 70 56
Hard ............ 73.0 60.0 § |- 83 -~
ExtraHard ....... 80.0 63.0 5 {- B -
Spring ........... 90.0 65.0 3 - %0 -
Extra Spring ...... 97.0 68.0 2 - 92 -

The valuss lisled obove rapresant reosancble oppreximations wwitable for ganeral anginesring uae. Dua 10 commertial varietians in compasition and
128 te manulaciueing limitarions, they should nol be uied tor apecificalion purpoies, See opplicaple A.5.7.M. wpeciticarlicn refsrences,




" COPPER ALLOY No. 435

Composition — percent

Nearest Applicable AS T M Specifications
Momipal | Minicmum | Maximum
Copper 81 79.0 83.0
Lead A0
Iron veen RN .05
Tin 9 | 6 1.2
Zinc 18.1 Remainder
Total Other Elements v e 15
Physical Properties
English Units C. G. 8. Units
Melting Paint (Liguidus) 1840 F 1005 C
Melting Point (Solidus) 1770 F 965 C
Density 313 bjcu in @68 F 8.66 gm jecucm @20C.
Specific Gravity 8.66 8.66
Coeflicient of Thermal Expansion 0000108 per°F from68 F to 212 F .0006154 per°C from 20 C to 100 C

Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Thermal Conductivity

Electrical Resistivity (Annealed)
Electrical Conductivity* (Annealed)
Thermal Capacity {Specific Heat)
Modulus of Elasticity {Tension)
Modulus of Rigidity

*Volume Basis

per°F from 68 F to 392 F
per°F from 68 F to 572 F
Btu /sq 1t {ft /hr /F @ 68 F
37 Ohms (circ mil /it )@68 F
28 G IACS@68 F
09 Btu /lb°F @68 F

16,000,000 psi
6,000,000 psi

Typical Uses

Bourdon tubing and musical instruments

Common Fabrication Processes

Forming &nd bending

Fabrication Properties

6.16
163

11,200
4,200

per®°C from20C to200C
per°C from20C (0 300 C
cal fsq cm fem [sec °C @20 C
Microhm-cm @ 20 C
Megmho-cm @ 20 C

cal jem [°C @20C

Kg /sg mm

Kg /Jsq mm

Capacity for Beinz Cald Worked -.............. Excellent Suitability for being joined by:
Capacity for Being Hot Formed ........... ... ... ..., Fair Soldering. . ov v ie e Excellent
Hot Forgeability Rating (Fosging Brass=100)............. Brazing .......couiiiriiiiniianaann Excellent
Hot Working Temperature., ............. For........ C Oxyacetylene Welding. ... ..., ... vuvnnn (ood
Annealing Temperature . .. .....ovvunnn. For........ C Gas Shielded Arc Welding ....... ... oot Fair
Machinability Ruting (Free Cutting Brass=100)......... 30 Coated Metal ‘Arc Welding ..... Not Recommended
SPOt < i e Good
Resistance Welding Seam........ Not Recommended
Butt «.vviviiinrann ey Good

The values listed above represent recsanable opproximotians suilable for general engineering use. Due 1o commereinl voriatiens in eamposition and
1a manulceiering limitatians, they should not be used far specilicotion purposes, See applicable A.5.7.M. specifieation references.
(Continued on otker side) 129




COPPER ALLOY No.435 (continued)

Forms and TElTlpEI’S Annsaled Tempers Rolied ar Drawn Tampers Hot
Maost Commonly Used Finishod \ )
. = Tampers
3 A
Nominal Grain Size mm g. _E_'
T g |
T | . O P
5 e T 1|3 g
5 51T 3 £ - g g ¢ 52 3|E
: El# T ¢ 3 E 5 1 F E|2 e
g 1l - 5 £ ¢© T v o a8 8|« £ s
sepggels5|% 53 Fz g s EOEDOEIZT Ul
L
"m838585333|d 52 Ff2EsES5 T2 2|8

Strip, Rolled
Strip, Drawn
Flat Wire, Rolled

FLAT Flat Wire, Drawn
PRODUCTS Bar, Rolled
Bar, Drawn
Sheet
Plate
ROD
WIRE
TUBE
PIPE
SHAPES
1. DRAWN — GENERAL PURPOSE temper is used 2. HARD DRAWN temper i3 used 3. LIGHT DRAWN — BENDING temper is
for general purpose tube only, usually where there only where there is need for a tube used only where a tube of some stiffness, but
is no real reguirement for high strength or hardness on as hard or as strong as is commer- vel capable of readily being bent (or other-
the one hand or [or bending qualities on the other. ciully feasible for the size in guestion. wise moderately cold worked) is needed.
Mechanical Properties Yiald Strangth Elonge-
Tansile [.6% Ext. tion Rockwall Shear Fatigue
Siza Strongth | under Load)| (2% Offset)| in 2in. | Hardness [Strength Strength
Form Saction Tamper . -
. Million
in. ksi ksi ksi % i ksi Cycles
! F| & |37 - l
FLAT J.040in. |.025mm ,......... 490 18.0 e 46 70 -~ 31] 36.0
PRODUCTS Half Hard . ......... 635.0 54,0 e L6 - 72 —{ 41.5
Hard ............. 80.0 68.0 RPN 1 - B5 -] 450
TUBE §1in,OD {035mm ,......... 460 16.0 RN 46 69 . — 40
X 065 in, (Hard (35%) ........ 75.0 60.0 e 10 - = -

Tha volues listed above represent reasonable approximations suitable for general anginesring use. Dus fo commerciol yvoriations in campasition and
130 1o manufaciuring limitations, thay should nat be used for specificarton purposes. Ses opplicobla A.5.T.M. spaciicatidn referencas.




COPPER ALLOY Nos. 443,444 and 445 (iNHIBITED ADMIRALTY)

Composition — percent

Nearest Applicable AS T M Specifications

Nominal Minimuml Maximum
Jocr b
Flat Products B171, B4312
Copper 71 700 73.0 Pi
Lead .07 ipe
Iron .06 Rod
Tin 1 9* 1.2 Shapes
Zinc 28 Remainder
As, Sbor P U Tube | BI111,B359,B395
Total Other Elements 15 Wire
* For flat products, the minimum tin may be .8%
** Arsenic, Antimony and Phosphorus inhibited alloys are
identified respectively by Copper Alloy Nos, 443, 444 and 445
Physical Properties
English Units C. G. S, Units
Melting Point {Liquidus} 1720 F 935 C
Melting Point (Solidus) 1650 F 900 ¢
Density 308 Wb feu in @68 F 8.53 gm jcuem @20 C.

Specific Gravity

Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Thermal Conductivity

Electrical Resistivity (Annealed)
Electrical Conductivity* {Annealed)
Thermal Capacity {Specific Heat)
Modulus of Elasticity (Tension)
Modulus of Rigidity

* Volume Basis

INDUSTRIAL:

Common Fabrication Processes

8.53

0000112

64
41.5
25
.09

16,000,000
6,000,000

Forming and bending, machining

per°F from 68 F to 212 F
per°F from 68 F to 392 F
per°F from 68 F 10 572 F
Btu /sq ft /ft /hr [°F @ 68 F
Ohms (circ mil /It )@ 6B F
% IACS @ 68 F

Biu/lb°F @68 F

psi

psi

Typical Uses

.0000202

8.53

per°C from20C to 100 C
per °C from 20 C to 200C
per°C {rom20C to 300 C
cal /sq cmi fem fsec [FC @20 C
Microhm-cm @& 20 C
Megmho-cy @ 20 C

cal fgm /°C @20 C

Kg /sq mm

Kg /sg mm

26
.90
145

09

11,200
4,200

condenser, evaporator and heat exchanger
tubes, condenser tube plates, distiller tubes,

ferrules

Fabrication Properties

Capacity for Being Cold Worked ... .- -c0vunt Excellent Suitability for being joined by:

Capacity for Being Hot Formed -............ .. ... Fair SOLAEIINE, -« v v v verenmeanranrianenn, Excellent

Hot Forgeability Rating (Forging Brass=100) --......... BROZINE < vvvvmaennmneraanneraeans Excellent °

Hot Working Temperature,..... 1200-1450F or 650-800 C Oxyacetylene Welding +«---cvvvvvonreeens Good

Annealing Temperature .. ...... 800-1100F or 425-600 ¢ Gas Shielded Arc Welding -+ . vvvercvnonnnn Fair -

Machinability Rating (Free Cutting Brass = 100)......... 30 Coated Metal Arc Welding - ... Not Recommended
Spot ----veniiiael Good -

Resistance Welding Seam - «- o Not Recommended
BULE « v evmraoe narannn Good
The values listed obove represent recsonoble oppreximotiens suitohle for general engineering use. Due 10 commerszic] variation: in composition ond .
to menufacturing Jimirgtians, they should nat be vied for specification purposes. See opplicable A 5.T.M. specilication relerences. 131
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COPPER ALLOY Nos. 44_3, 444 and 445 (Continued)

Forms and Tempers Annealed Tompars Rolled or Drawn Tempers Hat \
Most Commonly Used Finished| )
. o Tampers
3 )
Nominsl Grain Size mm § ?
- £ E
‘6 s o
x s . @ »
- ° 5 g 2 iy H
- 3 4-E = T D 13 E =
381323 3 F9f iz
g4l = 8 § ¢ 2 & e 0 O« t|=
segueels /2 Fx Py EfE gz ogE o8t
a8 a8sglgaf|f 3 FEEE G ES F Te 2|8
[ &

Strip, Rolied N

................................... e
Sll‘ip, Drawn l -- -« P :‘ .......
Flat Wire, Rolled § -+« oo oo i e it i e e tii e eaenasncnnnararnnnarsdonoeeadinenns
FLAT Flat Wire, Drawn B -« o+ v o oo i en i iiii e e teteaniaiiannn e ianesertasannaironsiaadennaasd f
PRODUCTS Bar’ Rolled 8 -+« vreveirierrinensr]eecsnnaas b bt rraaaerrenanrassrarnadiaanaa o
Bar,Drawn Jl - - -« cvrer it i e it s e, I
Sheet e T T T T T (PO I
Plate @ -+ - v v ottt r s i e e e e e e e e e ettt aa e e e T
2T 5 | R Lt O
WIREH.............. L O USR FADPIRY DR
TUBEHR .---...vvt .. P P R R A
1133 I P T AU
SHAPES B -« - v v v ivneinn e ea i i e e e A )
1. DRAWN — GENERAL PURPOSE temper is used 2. HARD DRAWN temper is used 3, LIGHT DRAWN - BENDING temper is
lor peneral purpose tube only, usually where there only where there is need for a tube used only where a tube of some stiffness, but
is no real requirement for high strength or hardness on as hard or aos strong as is commer- yet copable of readily being bent (or other-
the onc hand or for bending qualities on the other, cinlly feasibie for the size in question, wise moderately cold worked) is needed.
Mechanical Properties : Yiald Strength Efongs-
Tensite | [.5% Ext. tion Rociwall Shear Fatigue
Size Strangth | under Load)| {.2% Offset}| N 2in. | Hardness | Strength Strangth
Farm Saction Tempor -
Million
in, ksi ki ksi % el g laoT ksi ksi Cycles
TUBE {§1.0in.OD][ 025 mm ........ 53.0 22.0 e 65 15 - 37
X 065 in, '
PLATE g1.0in. As Hot Rolled . ... 48.0 18.0 e 63 170 - -
WIRE O80in. {015mm ........ 55.0 60 - - =
L)
Tha valuss listed ahave rapresent r ble approximoti sultoble for general snginsering use. Due ta commarcial vaoriati in ition and
132 to manufocturing limiotions, they should not be used for spacification purposes, Ses applicable A.5.T.M. spacificaticn rafarances.




COPPER ALLOY Nos. 464, 465, 466 and 467 (NAVAL BRASS)

Composition — percent

Nearest Applicable A ST M Specifications
MNomtinal | Minirnum | Maximum
Flat Products B21,B124,B171, B432
Copper 60 59.0 62.0 Pipe
Lead e e .20
Iron A0 Rod 1 B21,B124
Tin .8 50 1.0 Shapes B21,B124, B283
Zinc 39.7 Remainder Tube
As, Sbor P* 02 AQ*#* .
Total Other Elements 10 Wire
* The uninhibited alloy is Copper Alloy No. 464
** Arcenic, Antimony and Phosphorus inhibited alloys are
identified respectively as Copper Alloy Nos, 465, 466 and 467
Physical Properties . .
English Units C. G. 5. Units
! Melting Point {Liquidus) 1650 F 900 C
Melting Point (Solidus) 1630 F BB C
Density 304 b jeu in @68 F B.41 gm feuem @ 20C.
Specifié Gravity 8.41 8.41

Coeflicient of Thermal Expansion
Coefficient of Thermal Expansion

Coefficient of Thermal Expansion 0600118
Thermal Conductivity 67
Electrical Resistivity (Annealed) . 399
Electrical Conductivity* (Annealed) : 26
Thermal Capacity (Specific Heat) .09
Modulus of Elasticity (Tension) 15,000,000
Modulus of Rigidity 5,600,000

* Volume Basis ) *
HARDWARE:
INDUSTRIAL:

Common Fabrication Processes

per®F from 68 F to 212 F
per®F from 68 F to 392 F
per®F from 68 F to 572 F
Btu fsq ft /ft /hr /°F @ 68 F
Ohms (circ mil fft )@ 68 F

% IACS @ 68 F
Btu/lb°F @ 68 F

psi
psi

Typical Uses

per°C from20C {0100 C
per®C from20C t0200C

0000212 per°C from20C to 300 C

.28 cal /sq cm fem fsec PC@20C
6.63 Microhm-cm @20 C
.151 Megmho-cm @20 C
05 caljgm f°C @20C
10,500 Kg fsq mm
3,500 Kg /sq mm

aircraft turnbuckle barrels, balls, bolts,
marine hardware, nuts, propeller shafts, rivets,

structural uses, valve stems
condenser plates, welding rod

Blanking, drawing, forming and bending, heading and upsetting,
hot forging and pressing, hot heading and upsetting, shearing

Capacity for Being Cold Worked

Fabrication Properties

Prbmsa s et an s Fair
Capacity for Being Hot Formed ............... Excellent
Hot Forgeability Rating (Furging Brass=100) .......... 90

Hot Working Temperature ..

.. 1200-1500F or 650-825 C

Annealing Temperature ... ..... 800-1100F or 425-600 C
Machinability Rating {Free Cutting Brass=100) ........ kit

Suitability for being joined by:
Soldering. . ... ..o Excellent

..................... e .....Excellent

Oxyacetylene Welding  ........ .. ... Good

Gas Shielded Arc Welding ................. Fair
Coated Metal Arc Welding .. ... Not Recommended

Spot ... Good

Resisiance Welding SEAM . ... .. Fair
Butf ....viiiuiineinnnn Gaod

The values listed obave represent reasansble gpproximotions suitoble fer general engineering vse. Due 1o commercial variations in tomposition and
1o menufocturing limitations, they should net Be vied for specification purpeses. See opplicoble A.5.T.M. specificotion references.

(Cantinued on other side)
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COPPER ALLOY Nos. 464, 465, 466 and 467 (continuec)

Forms and Tempars H Annealed Tempars Rolled or Drawn Tempers Hot )
Most Commonly Used Finishad .
- Tampers
2 g
Nominal Grain Size mm g. g’
D & &
£ o @ .
= - 5 g2 iy H
82 F . f 2 F3& 5 g5|z B|E
c e T B 3 ] B | B Blx 3|~
é < s B T a g & e 6 Ol 'E =
seguwuweois £| 2 Fz 8 p B £ & 2 s E|IE S|
=838 B8aal8F| &4 fEEEE S P 52 218
L %_
Strip,Rolled § - - - .- ..+ oo i e et - [ L R R T I IR I I SO
Strip, Drawn # -« ... oo v it i T ........... e e
Flat Wire, Rolled f ... .......... e O P
FLAT Flat Wire, Drawn B . .. ..o i i e et ittt et
PRODUCTS Bar,Rolled §.-....... ... .0.. e 4 ..... L T
Bar, Drawn B........... ... ... Y 3 PR & W e A FO A
Sheet B ... ..o e e e e e e
Plate § ... ......... .. . P B et B Y
RODg.......o . i e-8 .... S (R L PR
WIRE . oo i e e e e
L £ I T TUUPON PN
1 - OO AY Ot S - )
SHAPESR....... oot e, N O .
1. DRAWN — GENERAL PURPOSE temper is used 2. HARD DRAWN temper is used 3, LIGHT DRAWN - BENDING temper is

for general purpose tube only, usually where there
is no real requirement for high strength or hardness on
the one hand ar for bending quallties on the other.

only where there is need for a tube
as hard or ag strong as is commer-
cially feasible for the size in question,

used only where a tube of some stiffness, but
yet capable of readily being bent {or other-
wise moderately cold worked) is needed.

Mechanical Properties Yiold Strangth Elonga-
Tansile {.5% Ext. tion Rockwell Shear Fatigus
Size Strangth | under Load)} (.2% Otfset}] iN2in. | Hardness | Strength Strength
Farm Saction Tempar .-
] Million
in. ksi ksi ki % E l B |30T ksi kst | Cycles
L m_-__ﬁ N

FLAT § .040in. | Light Anneal . ,.... 62.0 30.0 40 |- 60 57| 41.0
PRODUCTS Quarter Hard .. ... 70.0 58.0 17 | - 75 68| 43.0 !
250 in. Soft Anneal ,...... 58.0 25.0 49 - 56 55} 40,0
Light Anneal ...... 60.0 28.0 45 - 58 56| 41.0 :
rl.o in. As Hot Rolled .. ... 55.0 25.0 50 |- 53 55) 40.0
ROD § .250in, Soft Anneal ,...... 58.0 27.0 45 - 56 - 400 ‘
Light Anneal ...... 63.0 0.0 40 - 60 -} 42.0
Quarter Hard {10%) . 70.0 48.0 25 -- 80 - 43.0 !
Half Hard (20%).... ] 80.0 57.0 20 |- 85 —| 45.0 oy e
0 .oin. Soft Anneal ....... 57.0 25.0 47 |- 55 -| 40.0 A
Light Anneal . ..... 63.0 30.0 40 - 60 -~{ 42.0
Quarter Hard (8%) .. | 69.0 46.0 27 - 78 ~| 430 ;
Hulf Hard (20%) ... | 75.0 53.0 20 (- 82 | 440
h.0in. Soft Anneal . ...... 56.0 5.0 47 |~ 55 -} 40.0
Light Anneal ,..... 62.0 28.0 43 - 60 —j 42.0 L
Quarter Hard (8%).. | 67.0 40.0 35 (- 75 -] 430 :
TUBE [ .375in.0D| Hard Drawn (35%)..1 88.0 66.0 18 |- 95 - =

X.097in.

Tha voluas listed above reprassnt reasonoble approximations suitable for ganeral anginesring vse. Dus 10 commercinl variations in composition and
to manvfacturing limitations, they should not be used for specificalion purposes. S¢x applicable A.5.T.M, specificatidn raferencas,
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COPPER ALLOY No. 482 (NAVAL BRASS, MEDIUM LEADED)

Composition — percent

Nearest Applicable AS T M Specifications
Nominal | Minimum | Maximum
Flat Products
Copper 60.5 59.0 62.0 P;
Lead 7 40 1.0 tpe
Iron 10 Red B21
Tin 8 .50 1.0 Shapes B2i
Zinc 38 Remainder
Total Other Elements A0 Tube
Wire B21
Physical Properties ]
English Units C. G. 5. Units
Melting Point (Liquidus) 1650 F 900 C
Melting Point (Solidus) 1630 F 885 C
Density 305 Ibfcu in @68 F 8.44 gm feucm @20C.
Specific Gravity 844 8.44

Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Thermal Conductivity
Electrical Resistivity (Annealed)
Electrical Conductivity* (Annealed}
Thermal Capacity (Specific Heat)
Modulus of Elasticity (Tension)
Modulus of Rigidity

*Volume Basis

0000118
67

399

26

09
15,000,000
5,600,000

per°F from 68 F to 212 F
per°F from 68 F to 392 F
per°F from 68 F to 572 F

per°C from20C to 100 C
per°C from20C to200C
00002E2 per°C from20C to300C

Btu /fsq ft /it Jhr J°F @ 68 F .28 cal /sq cm fcm fsec *C@20C

Ohms (circ mil /it )@ 68 F

%“IACS®@ 68 F
Btu /Ib°F @68 F
psi

psi

Typical Uses

6.63 Microhm-cm @& 20 C
1531 Megmho-cm @ 20 C
.09 cal/gm /°C @20C
10,500 Kg /sq mm
3,900 Kg/sg mm

Marine hardware, screw machine products, vaive stems

Common Fabrication Processes

Hot forging and pressing, machining

Fabrication Properties

Cupacity for Being Cold Worked ... ... ............. Poor

Capucity for Being Hot Formed .. ............. Good
Hot Forpeability Rating (Forging Brass = 100) ......... 90
Hot Working Temperature. .. ... 1200-1400 F or 650-760 C
Annealing Temperature . ....... 800-1100 F or 425-600 C
Muachinability Rating (Free Cutting Brass=]00}......... 50

Suitability for being joined by:

Soldering. . . .. .. . it e Excellent
Brazing ... e Good
Oxyacetylene Welding ........ Not Recommended

Gas Shielded Arc Welding ..... Not Recommended
Coated Metal Arc Welding. . . .. .. Not Recommended

Spot ........ Not Recommended

Resistance Welding Seam........ Not Recommended
Butt ... Fair

The volues listed above represent recsonoble opproximations suitoble for general engineering vie. Duve 1o commercicl varictions in compesition and
to menwfacuring limitations, they should not ke uted for specificotion purposes. See applicoble A.5.T.M. tpecificotion references.

{Continued on other aide)
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COPPER ALLOY No. 482 (Continued)

Forms and Tempers Annsaled Tempers Rolled or Drawn Tempers -~ Hot ‘
Most Commonly Used | Finishod! ()
- Tempers '
3 B
Nominal Grain Siza mm §. Z
H & 2
— @
* E g 9 2
- - 5 < j:
8 2| & 3 % B £6 § 5|5 E|E
€ £} £ T 2 ] 8 Ble 3 |-
g <| = s © T @ . & 6z £z
segugelziEl 25 8§l o)t
"R 88d:88 88 FEEXREEE S| 28
Strip, Rolled - - oo veevrevmmmnnenahaninn. et eeeeeas e R Looaes. b
Strip, Drawn g - -+ .« ..+ [ PO et e et as e D
Flat Wire, Rolled §..... .- s
FLAT FLat Wire, DFawn . - -+ v oo oe e eaneeee e e e e O DR L
PRODUCTS Bar,Rolled . .+« .o vvv vl P AU Y A
Bar, Drawn E........ Ph e ey ... . ... @. B i PN NS PR I
Sheet §.............. S O ’. .......
Plate Be o v v o v et e ennntinnaroonafirnoasnoanvansasarsasnssrssasnasoennrsnssbeaaresdorine, '
RODRE. .- -v v e e..@l..... L S
WIREE. ..o ii i e iin ey e, e AU [ AU
B 0 2 ) I TR
PIPE B. ... i ivr i icsaernnan T [ T A
SHAPES E. - ... .. oot AP I N A T A @ )
1. DRAWN —~ GENERAL PURPOSE temper is used 2. HARD DRAWN temper is used 3. LIGHT DRAWN -~ BENDING temper is
for general purpose tube only, usually where there only where there is need for a tube used only wiere a tube of some stiffness, but
is no real requirement Tor high strength or hardness on' ns hard or as strong as is commer- yet capable of readily being bent (or other-
the one hand or for bending qualities on the other. cially feasible for the size in question. wise moderately cold worked) is needed.
Mechanical Properties Yietd Strength Elonga-
Tensila | (5% Ext. tian Rackwall | Shear Fatigue ‘
Siza Strangth | under Load){ {.2% OHset}{ in 2in. | Hardness | Strangth Strength :
Farm Section Tampar - :
. Million
in, ksi ksi ksi % v ksi ksi Cycles
ROD 1.0 in, Soft Anneal........ 57.0 25.0 ceen 40 - 55 | 380 . e :
lLight Anneal ...... 63.0 300 e 35 - 60 - 390 RN e ;
Quarter Hard (8%) .. | 6.0 46.0 e 20 - 78 ] 400 e e '
Half Hard (20%) ....] 75.0 53.0 cen i5 - 82 | 41.0 e R .
2.0 in, Soft Anneal..,.....} 56.0 25.0 v 40 - 35 «| 380
Light Anneal.,..... 62.0 28.0 Cen 37 - 60 - LR
Quarter Hard (8%) ..] 67.0 40.0 e 30 - 75 «~| 400 :
Half Hard (15%) ....| 70.0 52.0 e 17 - 78 - 41.0 .
3.0in. Quarter Hard (4%) ..| 63.0 33.0 . 43 - 78 | 400
BAR | .375in. {AsExtruded ....... 630 | 330 e 34 |- 60 | 390 ... o )
1.5 1in, Quarter Hard (4%} ..} 66.0 40.0 e 32 - 75 -| 400 .. .. :

: ¢
|
i

The volues listad above represent reasonchle opproximations sullable for gansral anginesring use. Pue to commarcial valiations in composition and
136 ra manulacturing limitations, they should not be used for spacification purposes, See opplicoble A.5.T.M. specifiallcn ralsrencas.




COPPER ALLOY No. 485 (NAVAL BRASS, HIGH LEADED)

Composition — percent

Nearest Applicable AS T M Specifications

Nominal | Minimum | Maximum
Flat Products B21,B124
Copper 60 59.0 62.0 Pipe
Lead 1.8 1.3 2.2
Iron 10 Rod Bil,B124
Tin i 30 1.0 Shapes B2I,BI24,B283
Zinc 3735 Remainder Tube
Total Other Elements .10
Wire
Physical Properties ) ) .
English Units C. G. 5. Units
Melting Point (Liguidus) 1650 F 900 ¢
Melting Point (Solidus) 1630 F B8 C
Density 305 Ibjcu in @68 F 8.44 pm Jeucm @ 20 C.
Specific Gravity .44 8.44

Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Thermal Conductivity

Electrical Resistivity (Annealed)
Electrical Conductivity™ (Annealed)
Thermal Capecity {Specific Heat)
Modulus of Elasticity (Tension)

’ Modulus of Rigidity

*Volume Basls

per°F from 68 F 10 212 F
per°F from 68 F to 392 F
0000118 per°F from 68 F to 572 F
67 Btu fsq ft /it fhr [°F @68 F
399 Ohms (circ mil /ft )@ 6B F
26 HIACS@68 F
.09 Btu/flb°F @68 F
15,000,000 psi
5,600,000 psi

Typical Uses

0000212

28
6.63
151

09

10,500
3,900

per°*C from 20 C to 100 C
per®C from20C to200C
per°C from20C 10300 C
cal /sq em fem fsec f°C @20 C
Microchm-cm @ 20 C
Megmho-cm @ 20 C

cal fjgm f*C @20 C

Kg /sq mm

Kg /sg mm

HARDWARE: marine hardware, screw machine products, valve stems

Common Fabrication Processes

Hot forging and pressing, machining

Fabrication Properties

Capacity for Being Cold Worked .. ...oovuviunnno.. Poor Suitability for being jdined by:
Capacity for Being Hot Formed ............. ..., Good Soldering « oot e e e Excellent
Hot Fargeability Rating (Forging Brass=100) - - -+ ... 90 BRAZIDE ittt e e Good
Hot Working Temperature. . . ., 1200-1400 F or 650-750 C Oxyacetylene Welding ........ Not Recommended
Annealing Temperature ., ...... 800-1100 F or 425-600 C Gas Shielded Arc Welding ..... Not Recommended
Machinability Rating (Free Cutting Brass =100) ........ 70 Coated Metal Arc Welding .. ... Not Recommended
Spot........ Not Recommended
Resistance Welding Seam ....... Not Recommended
Butt .. ... .. e Fair

The values listed obove represent reasonable opproximations suitable for genernl engineering use. Due 10 commercial variation: in compoiition and
to manufotturing Heitarions, they should not be used for specifization purpeses. See opplicable A.5.T.M, specilication references,
{Continued on other side) 137




Forms and Tempers

Most Commonly Used

FLAT
PRODUCTS

Strip, Rolled
Strip, Drawn
Flat Wire, Rolled
Flat Wire, Drawn
Bar, Rolled

Bar, Drawn
Sheet

Plate

ROD

WIRE

TUBE

PIPE

SHAPES

Annealed Tempers

Nominal Grain Size mm

Soft Anneal
Light Anneal

................. .- I T,
................. @ - T R T R R TV
........................... Bt e e e e

COPPER ALLOY No. 485 (continued)

Aolled or Drawn Tempars

Eighth Hard

Quarter Hard

Three Quartar Hard

Extra Spring

Drawn — Ganeral Purpose (1)
Hard Drawn (2)

Light Drawn — Bending (3}

Half Hard
Extra Hard

1. DRAWN — GENERAL PURPOSE temper is used
for general purpose tnbe only, usually where thete
is no real requirement for high strength or hardness on
the one hand or for bending qualities on the other.

Mechanical Properties

2. HARD DRAWN temper is used
only where there is need for a tube
as hard or as strong as is commer-
cially feasible for the size in question.

Yield Strength Elonga-
Tansile | (5% Ext. tion | Rockwell | Shear
: Size Strength | undor Load}| (2% Offset}] M 2in. | Hardness |[Strength
L Form Section Tampar
; in, ksi ksi hsi % F] B ]3‘” lesi
ROD f§1.0in. Soft Anneal ...... 57.0 25.0 40 - 55 - 36.0
Quarter Hard (8%). . 69.0 46.0 e 20 - 78 -1 350
Half Hard (20%]) ... 75.0 53.0 s 13 - 82 - 40.0

138

Millian )
ksi I Cyclas .

Hot . K
Finished )
Tampears

As Hot Rolled
As Extruded
Special Tampers

3. LIGHT DRAWN - BENDING temper is:
used only where 2 tube of some stiffness, but.
yet capable of readily being bent (or other:
wite moderately cold weorked) is needed. i

Fatigue
Strangth

i
‘

The values listed above represen) reasonohle approximations switable for genaral anginesring vse. Due to cot - marcial varlatians In componition and
1o manulacturing limitatians, thay should not be used for speciflcation purpocas. See opplicoble A.5.0.M. specificarion referances.




COPPER ALLOY No. 505 (PHOSPHOR BRONZE, 1.25%)

Composition - percent

Nearest Applicable AS T M Specifications
Nominal | Minimum | Maximum
Flat Products B50B
Copper 98.7 e Pipe
Lead .05
Iron e .10 Rod
Tin 1.3 1.7 Shapes
Zinc .30
Phosphorus . 35 Tube
Cu+8Sn+? 899.5 Wire B103
Physical Properties
English Units C. G. S. Units
Melting Point (Liguidus) 1870 F 1075 C
Melting Point {Solidus) 1900 F 1035 ¢
Density 321 1bjcu in @68 F 889 gm fcucm @20C.

Specific Gravity
Coefficient of Thermal Expansion
Coefficient of Thermal Expansion

8.89

per°F from68 F to 212 F
per*F from 68 F to 392 F

8.89

per°C from20C to 100 C
per°C from20C to 200C

Coefficient of Thermal Expansion .0000099 per®F from 6B F to 572 F 0000178 per°C from20C to 300 C
Thermal Conductivity 120 Btu fsq ft /ft fhr [*F @ 68 F .49 cal /sq cm fem fsec [°C @ 20 C
Electrical Resistivity (Annealed) 21.6 Ohms (circ mil /it )@ 68 F 3.59 Microhm-cm @ 20 C
Electrical Conductivity™ (Annealed) 48 % IACS@68 F 278 Megmho-cm @& 20 C
Thermal Capacity (Specific Heat) .09 Btu/lb°F @ 68 F 09 cal fjgm °C @20C
Modulus of Elasticity (Tension) 17,000,000 psi 12,000 Kg fsq mm
: Modulus of Rigidity 6,400,000 psi 4,500 Kg/sg mm

* Volume Basis

Typical Uses

INDUSTRIAL: electrical contacts, flexible hose, pole-line hardware

Common Fabrication Processes

Blanking, forming and bending, heading and
upsetting, shearing, squeezing and sweaging

Fabrication Properties

Capacity for Being Cold Worked .............. Excellent Suitability for being joined by:
Capaciiy for Being Hot Formed ................... Good Soldering. . .......... ... ... ... .... Excellent
Hot Forgeubility Rating (Forging Brass=100) ............ Brazing ....... .. Excellent
Hot Working Temperature . . ... 1450-1600 F or 800-875 C Ouxyacetylene Welding ...... ... ........... Fair
Annezling Temperature . ....... 900-1200 F or 475-650 C Gus Shielded Are Welding. . ............... Good
Machinability Rating (Free Cutting Brass=100)........ 20 Coated Metal Arc Welding ................. Fair
Spot ........ Not Recommended
Resistence Welding Seam........ Not Recommended
Butt ............ ..., Excellent

The values listed chove rearesent rectonohle opproximotions suitable for general angineering use. Due 1o commercdial voriatians in composition and
1o manufactyring limitotions, they should not ke used for specificotion purposes. See applicable A.5.T.M. specifieation relerences.
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§o
H

Forms and Tempers
Most Commonly Used

Strip, Rolled
Strip, Drawn
Fiat Wire, Rolled

FLAT
PRODUCTS

Flat Wire, Drawn
Bar, Rolled

Bar, Drewn

Sheet
Plate
ROD

WIRE
TUBE

PIPE

SHAPES

COPPER ALLOY No. 505 (Continued)

Anneulad Tempers

Nominal Grain Size mm

ft Annsal

- A
O
0
0
0
0
So
Ha
Spring

Light Anneal

----------------------

Rolled or Drawn Tampers

Eighth Hard
Drawn - Ganeral Purposa (1)

Light Drawn — Bending (3)

Quarter Hard
Three Quartar Hard
Extra Spring

Mard Drawn {2}

Haif Hard
Extra Hard

1. DRAWN —- GENERAL PURPOSE temper is used
for general purpose tube only, usuully where there
is no rea] requirement for high strength or hardness on

the ene hand or for bending qualities on the other,

Mechanical Properties Yiald Strangth Elonga.
Yonsila | (5% Ext, tion ! Rockwsell | Shear
Size Strangth | under Load)| {.2% Offsat}| in2in.'| Hardness |Strength
Form Ssction Tamper
n, ksi kii ksi % F B |30T kll
FLAT ¥ .040 in. 025mm ........ 40.0 14.0 e 48 68 - = cee
PRODUCTS Half Hard........ 55.0 e vaes I6 ~ 64 60
Hard, ........, . 65.0 50.0 e 8 - 75 67
Spring-.......... 75.0 4 - 79 70
WIRE R .080 in. Hard (B0%)....... 79.0 1* |- - -
460 in. Hard (70%)....... 72.0 4% |- - -

Tha values listed abova represant reasonchle approximations suitable for gensero! anginesring vse. Due t * commercial vurin!i?m in composition and
140 to manufacruring limitations, thay thould na? be vsed for specitication purposes. See opplicable &, 5.T.M. specification refarances,

2. HARD DRAWN temper is used 3.
only where there is need for o tube
as hard or as strong o is commer-
cinlly feasibie for the size in question.

* Elongation in 10 inches

Hot . .
Finished] . '
Tampers '

As Haot Rolled
As Extruded
Spacial Tempers

LIGHT DRAWN — BEMNDING temper is
used only where o tube of some stiffness, but
yet capuble of readily being bent {or othet-
wise moderately cold worked) is needed.

Fatigua
Strangth

Million
Cyclas




COPPER ALLOY No. 510 (pHosPHOR BRONZE, 5% A)

Composition — percent

Nearest Applicable A S TM Specifications
Nominal | Minimum | Maximum
Flat Products B100,B103, B139
Copper 94.8 Cee Pipe
Lead 05
Iron A0 Rod B133
Tin 5, 4.2 5.8 Shapes B139
Zinc ST e 30 Tube
Phosphorus 2 .03 .?_5 .
Cu+$n +P 99.5 . Wire | 8159
Physical Properties . . .
! English Units C. G. S. Units
! .
Melting Foint {Liguidus) 1920 F 1050 C
Melting Point {Solidus} 1750 F 950 C
Density 320 b jecu in @68 F 8.86 gm/cucm @20C.

Specific Gravity

Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Thermal Conductivity

Elecirical Resistivity {(Annealed)

8.86

.0000099

40
69.1

Electrical Conductivity® (Annealed) 15
Thermal Capacitv (Specific Heat) 09
Modulus gf Elasticity (Tension) 16,000,000
Modulus of Rigidity 6,000,000

per°F from 68 F 0 212 F
per°F from68 F 10 392 F
per°F from68 F to 572 F
Btu /sq ft /Tt /hr °F @ 68 F
Ohms (circ mil /{1 )@ 68 F

% IACS@68 F
Btu /lb°F @ 68 F
psi

psi

* Volume Basis, determined on an alloy containing 5% Tin and .2%
Phosphorus, This value will vary with the composition.

ARCHITECTURAL:
HARDWARE

Typical Uses

29

1~
b;iéé; bearing plates Y
beater bars, bellows, Bourdon tubing, clutch disks, cotte

B.86

.0000178
17

11.5
0870
09
11,200
4,200

per®*C froh 20C to 100 C
per°C from 20C to 200 C
per°C from 20C to 300 C
cal fsq cm Jcm fsec FC @20 C
Microhm-cm @ 20 C
Megmho-cm @20 C

cal/em [°C @20 C

Kg /sq mm

Kg /sq mm

7 pins, diaphragms, fuse clips,

fasteners, lock washers, sleeve bushings, springs, switch parts, truss wire, wire brushes

INDUSTRIAL:

o

e
-

Common Fabrication Processes

Blanking drawing, forming and bending, heading and
upsetting, roll threading and knurling, shearing, stamping

Cupucity for Being Cold Worked
Capacity for Being Hot Formed

Hot Working Temperature, , . ...........
Annealing Temperature. , .., ...

Fabrication Properties

Hot Forgeability Rating (Forging Brass = 100)

Excellent

Poor

900-1250F or 745-675 C
Machinability Rating (Free Cutting Brass = 100)

20

chemica! hardware, perforated sheets, textile machinery, welding rods

Suitability for being joincd by:

The values listed obkove represent reosonchle approximnotions suitoble for general engineering use. Due to commereial voriations in compasition and
to manulocturing Jimitotions, they should not ke used fer specifizotion purpeses. See applicoble A5.7.¥. specificotion references.

Soldering. ......... ... ... ... ... ..., Excellent
Brazing ... ... e Excellent
Oxyacetylene Welding . .................. Fair

Gas Shielded Arc Welding ................ Good
Coated Metal ArcWelding ................. Fair

SPOL o Good

Resistance Welding Seam .. ii i Fair
Butt .voooneeena., Excellent
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Forms and Tempers
Most Commonly Used

Strip, Rolled cen .- e '

FLAT
PRODUCTS

COPPER ALLOY No. 510 {Continued)

Strip, Drawn
Flat Wire, Rolled
Flat Wire, Drawn

Bar, Rolled
Bar, Drawn
Sheet

Plate

ROD
WIRE
TUBE

SHAPES

Annsaled Tampers

Nominal Grain Size mm

Soft Anneal
Light Annaal

......................

......................

......................

Rolled or Drawn Tempers

Drawn - Ganeral Purpasa (1)
Light Drawn — Banding (3)

Eighth Hard
Quarter Hard

Half Hard

Three Quarter Hard
Extra Spring

Hard Drawn (2}

...... B T R S
................................. .y
...................... W occrm e
................... e e
........ T
B T R P @ - @B e

Hot
Finished |,
¥

Tempars i

Az Hot Rolled
As Extrudsd
Special Tempers

PIPE E

1. DRAWN — GENERAL PURPOSE temper is used
for general purpose tube only, usually where thete
is no real requirement for high strength or hardness on
the one hand ot for bending qualities on the other,

2. BARD DRAWN temper is us>d
only where there is need for a tue
as hard or as strong as is commi -
cially feasible for the size in questisn.

Mechanical Properties Yiald Strength Honga-
Tansile | (5% Ext. tion RAockwell | Shear Fatigue
Size Strangth | under Load}] (.2% Offset)| P 2in. | Hardness [Strength Strangth
Farm Saction Tumpar . .
- Million
in, ksi ksi ksl k2 Lesi kel Cycles,
FLAT § 040in. |. 050mm......... 47.0 19.0 e 64 |7326 -V ...
PRODUCTS 035mm .......... 49.0 20.0 58 75 28 -
025 mm ......... 50.0 21.0 52 77 30 -
O15mm ..., ... 53.0 22.0 50 79 34 -
Half Hard ........ 68.0 55.0 28 - 78 69 e e
Hard ........... . 81.0 75.0 10 - B7 175 25.0 100
ExtraHard........ 92.0 80.0 6 - 93 78 e v
Spring ........... 100.0 80.0 . 4 - 95 79 22.0 100
Extra Spring ...... 107.0 80.0 3 - 97 80
ROD 500 in. | Half Hard (20%). .. 75.0 65.0 . f2s - 80 -
1.0 in. Half Hard (20%). ... 70.0 58.0 25 - 78 -~ .
WIRE 080in. 1.035mm ......... 50.0 20.0 58 - - - .
. Quarter Hard . ... 68.0 60.0 . 24 - - - . .
Half Hard .. ....... 85.0 80.0 8 - - - v e
Hard ............ 110.0 5 - - - 27.0 100
Extra Hard (75%). .. 1 130.0 3 - - - 30.0 100
Spring (84%) . ..... 140.0 2 - - - . ‘e
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The veluss listed above reprasent redsenoble approximarions suitable lor general englnesring un . Dus 16 commarcial variotions in compotition and
1o manufacturing limitations, thay sthould not be used for speciticotion purposes. Sea op, licable A5.T.M, specificatidn refarances,

3. LIGHT DRAWN - BENDING femper is’
used only where a tube of some stiffness, but.
yet capable of readily being bent {or other-
wise moderately cold worked) is needed.




COPPER ALLOY No. 511

Composition -- percent

Nearest Applicabhle AS T M Specifications
Nominal | Minimum | Maximum
Flat Products B103
Copper 95.6 v cee Pipe
Lead .05
Iron 10 Rod
Tin 4.2 3.5 4.9 Shapes
Zinc e e 30 Tube
Phosphorus 2 .03 .35 .
cu+Sa+P { .... | 995 Wire
Physical Properties . )
English Units C. G. 8. Units
Melting Point { Liquidus) 1945 F 1060 €
Meiting Point (Solidus) 1785 F 975 C
1 Density 320 lbfeu in @68 F 8.86 gm fcucm @ 20C.
Specific Gravity 8.86 B.86
Coefficient of Thermal Expansion per°F from 68 F to 212 F per®*C from20C to 100 C
Coefficient of Thermal Expansion per*F from 68 F to 392 F per*C from 20C to200C
Coefficient of Thermal Expansion 0000099 per®F from 68 F to 572 F 0000178 pereC from 20 C to 300 C
Thermal Conductivity 48.4 Btu fsq ft [t /hr /°F @ 68 F .20 cal Jsq em jem fsec FC@20C
Electrical Resistivity (Annealed) 52 Ohms (circ mil fft )@ 68 F B.7 Microhm-ecm ®@20C
Electrical Conductivity* (Annealed) 20 ZIACS@68 F .116 Mepmho-cm @20 C
Thermal Capacity {Specific Heat) 09 Btu/lb°F @68 F 09 cal/pm /°C @20 C
Modulus of Elasticity {Tension) 16,000,000 psi 11,200 Kg fsq mm
Modulus of Rigidity 6,000,000 psi 4,200 Kg fsq mm

Typical Uses

ARCHITECTURAL:  bridge bearing plates
HARDWARE: beater bars, bellows, clutch disks, connectors, diaphragms, fuse clips,
fasteners, lock washers, sleeve bushings, springs, switch parts, terminals
INDUSTRIAL: chemical hardware, perforated sheets, textile machinery

Common Fabrication Processes

Blenking, drawing, forming and bending, roll threading and knurling, shearing, stamping

Fabrication Properties

Cupacity for Being Cold Worked .. .. .. ... ... ... Excellent Suitability for being joined by:
Capacity for Being Hot Formed . ........cienvvvan, Poor SOIETING  © oo e Excellent
Hot Forgeability Rating (Forging Brass=100) «+«vvvveennn Brazing . ... ... i i i Excellent
Hot Working Temperature --........... For....... C Oxyacetylene Welding .. ..o vvvrvviinnn-nn Fair
Annealing Temperature - . - - . - . . 900-1250F or 475675 C Gas Shielded Arc Welding. .. ... ..ouoee.. .. ' Good
Machinability Rating (Free Cutting Brass = 100}......... 20 Coated Metal Arc Welding. .« vvvvvvvvrrnn-. Fair
SPOL - v v e v Good
Resistance Welding SBUM . v v ve v v eieiian e Fair
Bugt ..oovv e Excellent

The volues listed obove represent reoioncble opproximations suitable for general engineering wse. Due to commaercial variations in composition and
to menufaziuring Bimitatiens, they should net be vsed for specification purposes. See cpplicable A.5.T.M. specifization references.

[Centinued or other nide) 143




COPPER ALLOY No. 511 (continuea)

Forms and Tempers Anngaled Tempers Rolled or Drawn Tampers Hot .
Most Commonly Used Finished| |
- - Tempars :
% D
Nomingl Grain Siza mm § Z
* ] & 2
£ 5 . ®
= o g § 2 e E
18T .5 = £ &5 f|z B
E e £ ¥ 2 ] g | # Ble 3w
¢ ¢l =z 8 £ © :g»"%\:nn“*:"i
gpgBEelsE 2 5= F2 o2 fozoElf oulg
"Re8883af| 843 & FFEE S5 F S)e 28
Strip,Rollcd TN EE T SR '.....-'........-‘.......-... .............  EERREE
Strip, Drawn B ¢« P R T T N T S O L
Flat Wire_ Rolied lr-vcocevmeiann T e S
FLAT Flat Wi[e' Drawn B @+« corrvanrnanensnas e
PRODUCTS Par, Rolled ff - -« .o v vevvnennn, P P e, D U S
Bnr, 0] 2 T O e 3
g 1 T A . S T R
T I T T T T T T T T T L Y
1.0 ) - O AU AU S
WIREER . .- o, D A JO P [
by 0357 IR - [P T S ‘
PIPEQ .- v evnriinnn,. D N Ceneas
SHAPES B .-+ v v it et i inndencnns Y v }
1. DRAWN - GENERAL PURPOSE temper is used 2. HARD DRAWN temper is used 3. LIGHT DRAWN - BENDING temper is
for general purpose tube only, usually where there only where there is need for a tube used only where a tube of some stifiness, but
is no real requirement for high strength or hardness on as hard or as strong as is commer- yet capable of readily being bent {or other-
the one hand or for bending quulities on the other, cially fensible for the size in question, wise moderately cold worked) is needed.
Mechanical Properties Yield Strength Elanga- :
Tensite | (5% Ext. tion Rockwell Shear Fatigue ;
Size Strangth | undar Load)| {.2% Offset)| in2in. | Hurdness [ Strength Sirangth
Form Saction Temper Mi
illion ;
in. ksi ksi ksi % El B 30T ksi ki | Cycles
FLAT §.040in. }.050mm ...... o] 460 1 L 160 | 48 7o - - .o
PRODUCTS O35mm ..., 48.0 i9.0 47 73 - =1 ... P
025 mm ...... A 50.0 - 21.0 46 75 - - . l
OlSmm ...... .. 5LO 23.0 46 |76 - ) ... ... :
Quarter Hard ... ... 55,0 50.0 43.0 36 - 48 45| .... e e
Helf Hard......... 62.0 54.0 36.0 19 - 70 65
Three Quarter Hard . 74.0 AN 72.0 11 - 84 72
Hard ............ 80.0 74.0 77.0 7 - 86 74 .... ;
Extra Hard ....... 92.0 89.0 4 - 91 78| ... f
Spring ........... 98.0 80.0 95.0 3 - 93 79{ .... e e !
Extra Spring ...... | 103.0 80.0 98.0 2 - 9580) ... | .oy )
Tha valvss [ited chove reprasent reascnable approximations sultobla for ganerol anginearing use. Due to commarcial variations in cemposition and
14.4 to manufacturing limitations, thay should not bae used for specification purposas, See opplicoble A.5.T.M. 1pacificatidn rafarsnces.
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COPPER ALLOY No. 521 (PHOSPHOR BRONZE, 8% C)

Composition -- percent

Nearest Applicable AS T M Specifications,
Nominal | Minimum | Maximum s
Flet Products B103,B139
Copper 92 . e . Pi
Lead | .... | .... .05 1pe
Iron 10 . Rod B139
Tin 8 7.0 5.0 Shapes § B139
Zinc .20 Tub
Phosphorus veelt .03 33 ube
Cu+Sn+P| .... 99.5 Wire | BI59
Physical Properties
English Units C. G. 8. Units
-
Melting Point {Liguidus) 1880 F 1020 C
Melting Point {Solidus) 1620 F B8O C
Density 318 Ibfew in @68 F 8.80gm/cucm @20C.
Specific Gravity : 8.80 8.80
Coefficient of Thermal Expansion : per°F from 68 F to 212 F per®°C from?20C to 100 C
Coefficient of Thermal Expansion S per°F from 68 F to 392 F per®C from 20C to 200 C
Coefficient of Thermal Expansion .0000101 per°F from 68 F to 572 F 0000182 per°C from 20C to 300 C
Thermal Conductivity .. 36 Btu/sq ft/ft /e /F @68 F .15 cal feq em fem fsec FC @20 C
Electrical Resistivity (Annealed) 798 Ohms (circ mil /ft )@ 68 F 13.3 Microhm-cm @20 C
Electrical Conductivity* (Annealed) 13 %IACS@68F .0754 Megmho-cm @20 C
Thermal Capacity {(Specific Heat) .. .09 Btuflb°F @68 F D9 cal fgm /°C @20C
Modulus of Elasticity (Tension) 16,000,000 psi 11,200 Kg /sq mm
Modulus of R.[gldity 6,000,000 psi 4,200 Kg /sq mm

* Volume Basis

Typical Uses

(Seme as for Phosphor Bronze, 5% (A), but for more severe service conditions)
ARCHITECTURAL: bridge bearing plates
HARDWARE: bealer bars bellows, Bourdon tubing, clutch disks, cotter

bu*:hmgs springs, svntch parts truss w1re wire brushes
INDUSTRIAL: chémical hardware, perforated sheets, textile machinery, welding rods

Common Fabrication Processes

Blanking, drawing, forming and bending, shearing, stamping

Fabrication Properties

Capacity for Being Cold Worked . ....... ... ... Good Suitability for being joined by:
Capacity for Being Hot Formed. .................. Poor Soldering - oo i Excellent
Hot Forgeability Rating (Forging Brass = 100) ............ L UBTIZINE e Excellent
Hot Working Temperature. ., ........... For....... " Oxyacetylene Welding ......oovvinvevnnnns Fair
Annealing Temperature . .. ...,. 900-12:0 F or 475-675 C Gas Shielded Arc Welding ................ Good
Machinability Rating (Free Cutting Brass=100) ....... 20 Conted Metal Arc Welding .« - -« v vvvvevnnn.. Fair
o Spot..viiii i Good
Resistance Welding SEaM. v vv e v vt in s Fair
Butt ..o evviiiin e Excellent

The volues listed above regresent recsenable approximations suitchle for genersl engineering vie. Due to commerzial variotions in compesition end
1o manufacturing limitzlions, they thould not be used for specificalion purposes, See applicable A.5.T.M, specification references.

(Continued on otker xide) . . 145




COPPER ALLOY No. 521 (continued)

Forms and Tempers Annealed Tempers Roiiuil or Drawn Tempars Hot f}
Most Commonly Used o Finishad
= lampurs
3 )
Nominel Grain Size mm g £
= h-]
T & g
£ B . @@ "
,_ @ ™~ ] B
- g B & S % ci2 E
88|32 F . §F  £6 5 i35 Bl
e | £ B 3 &8 | ® 8leg alwm
4|l 5 & 0O I & L 8§ 8|% E|%
- ] v o a £ B S - 0 | A
SRrREALLls S| 5 5 £ £ £ £ g 8 5 S| wig
"8 &8883&{af| &5 fF 2L IS E T2 2|d
w‘w_—
Strip,Rolled j§ -+« «c v vrvnineiviiiioeanas I Y TR BRI IR SO S,
S[rip' B 1 T o T e e e
Flat Wire, Rolled f -+ --- -+ vl ool RS IO IR
FLAT Flat Wire, Drawn § - -+« vnvanoinciaiani)einann. T S T
PRODUCTS Bar,Rolled B ----- v vvenmnn i i i i i i i s e e e e
Bar, Drawn B --- - el i is s ittt it ea i ee e b,
: R BRI T T T T o S
. L T R I T T T T T T T T S S S
RODH - v v v FRITI I RN T S A ;
WIREER - .-« orvnn AP R o - 8- R IR R T G S S .
1 1 = I .o ); .
PIPEN -+ v i st e .. o
SHAPES B - - - - - ettt ciannasianarainnnaarssanrnntiansssnraneselaceaosdennnenns
1, DRAWN — GENERAL PURPOSE temper is used 2, HARD DRAWN temper is used 3, LIGHT DRAWN - BENDING temper is
for general purpose tube only, usually where there only where there is need for a tube used onty where a tube of some stiffness, but
is no real requirement for high strength or hardness en as hard or as strong as is commer- yet capable of readily being bent (or other- |
the one hend or for bending qualities on the other. cially feasible for the size in question, wise moderately cold worked) is needed. [
Mechanical Properties Yiald Strength Elangs-
Tensila (5% Ext. tion Rockwel Shaar Fatigun
Size Swrangth | under Load}] {.2% Offset)| in 2 in. Hardness 1 Strangth Strangth
Farm Saction Tamper , 0
Million
in. ksi ksi ksi % F I B ISOT‘ ksi ksi Cycles
e
FLAT 040 in. O3 0mm ... ..., 55.0 v RN 0 75 - -
PRODUCTS D3Smm ... ..., '58.0 R RN 65 (80 -~ -
D25 mm ........ 60.0 240 e 63 (8250 - ....
Olsmm ........ 62.0 60 |85 - V...
4 Half Hard .. . ... ... | 760 | 55.0 32 -84 731 ..o . Ll
I 27 N 030730 e 19 _1-93 78f ....| 220 100
Extra Hard .-, .. ... 106.0 | 80.0 B I S Tl 7] I R
Spring .......... 112.0 3 [-98 81 .... 0 .... ...,
Extra Spring .. ... [20.0 2 —-100 82| ....
ROD .SOQ in. Hulf Hard (20%). .. .80.0 65.0 Ve 33 - 8 —- ... e PN
WIiRE 080 in, 035mm ,....... 60.0 240 ceas 65 - - -
Quarter Hard . .. .. 81.0 R
Half Hard ....... 105.0 R o I
Hard ... ........ 130.0 R Rl
Extra Hard ...... 140.0 vee R s PN

The volues listed ubove represant r tln approximat suitable for gensral anginesring use. Dua to commarcial voriations in cotnpesiiiun ond
146 10 manufacturing limitatigns, thay should not he used for specificatton purposes. Sas applicable A.5.T.M. specificaricn references.
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COPPER ALLOY No. 524 (prosPHOR BRONZE, 10% D)

Compaosition — percent

Nearest Applicable A S T M Specifications
Nominal | Minfmum | Maximum
Flat Products B103, B13%
Copper 90 ceen Pipe
Lead N : .05
Iron 10 Rod | BI139
Tin 10 9.0 11.00 Shapes B139
Zinc P e .20 Tube
Phosphorus e .03 35 . )
Cu+Sn+P 99.5 Wire | BI59
Physical Properties -
English Units C. G, 5. Units
Melting Point {Liquidus) 1830 F 1000 C .
Meiting Point (Solidus) 1550 F B45 C
Density 317 Ibfeu in @ 68 F 8.78 gm Jcuem @ 20C.
Specific Gravity 8.78 8.78
Coefficient of Thermal Expansion per°F from 68 F to 212 F per®C from20C to 100 C
Coefficient of Thermal Expansion per°F from 68 F to 392 F per°C from 20C to 200 C
Coefficient of Thermal Expansion .0000102 per®F from 68 F to 572 F 0000184 per*C {rom20C to300C
Thermal Conductivity 29 Btu /sq ft /ft fhr /F @68 F .12 cal fsq cm jem Jsec [°C @20 C
Electrical Resistivity (Annealed) 94.3 Ohms (circ mil /it }@ 68 F 15.7 Microhm-cm @20 C
Electrical Conductivity® (Annealed) 11 %IACS @68 F 0638 Megmho-cm @20 C
Thermal Capacity {(Specific Heat) .09 Btu/Ib°F @68 F 09 calfgm f°C @ 20C
Modulus of Elasticity (Tension) 16,000,000 psi 11,200 Kg /sq mm
6,000,000 psi 4,200 Kg/sq mm

Modulus of Rigidity

* Volume Basis

Typical Uses

. Hepvy bars and plates for severe compression, good wear and corro-
sion resistance; bridge and expansion plates and fittings; and articles
requiring exira spring qualities, greatest resiliency, particularly in fatigue

Cupacity for Being Cold W.orked

Common Fabrication Processes

Blanking, forming and bending, shearing

Fabrication Properties

.................. Good Suitability for being joined by:

Capacity for Being Hot Formed, ... ............... Poor Soldering. . ....... ... ... . .., Excellent
Hot Forgeability Rating (Forging Brazss =100} ............ Brazing ...t e Excellent
Hot Working Temperature . ....... . For....... c . Oxyacetylene Welding  ................... Fair
Anneating Temperature .., ..... 500-1250F or 475-675 C Gus Shielded Are Welding  .............. Good
Machinability Rating (Free Cutting Brass = 100)........ 20 Coated Metal Arc Welding  ............... Fair
Spot ... i Good

Resistance Welding Seam ....... i, Fair

Butt

The valuas listed above represent reasaneble opproximations svitable far general engineering use. Due to commerciol varlations in composition and
1o monufocturing limitations, they should not be used lor specification purpeses. See applicable A.5.T.M. specification references.

{Continued or other side)
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COPPER ALLOY No. 524 (Continued)

Forms and Tempers i Annealed Tempers Rolled ar Drawn Tempers Hot |
Most Commonly Used ) - Finished | | 1
= Tampers
7 )
Nominai Grain Size mm 3 g
- a
’ 5 & g
: X [C— m bid
? 5 g 2 lig g
I - — E o k]
g s/ F .0 . 2&goglsop|f
e £ 2 B 2 &8 | ® BlE 3
& L = 5 £ = £ {% e O B - E B
; gggggez%%’é:@‘eg-g:ﬂf&?éfw'" .‘
oo FS3 83838l 8|8 8 F £ F K & ZF 5 2 3|e 218 ;
Strip, Rolled g« -+ v ev e i et i iinnan I ®..... S .0..0 . .8.. .. .iiidriiiiadiiiany
Slrip, Drawn B - o v i i i e e e e et s ettt et e dovenenn
Flat ‘Wire‘ e T I S T T T I
FLAT Flat Wire, Drawn J§ .- .. . ..., L O .
PRODUCTS Bur,Rolled f .- --...... T e

: Bar, Drawn f§ .- - .- ... ... LT T Y ISP

po Sheet B .- - .o e e e et e e

{610 IS P I TR PR

! WIRER . --- v cin i oo e..0 ..... ® .. T N

o L0 A e P . . .
: PIPEH ..o e . }
. SHAPESf....... Y S

‘ 1. DRAWN — GENERAL PURPOSE temper is used 2. HARD DRAWN temper is used 3. LIGHT DRAWN — BENDING temper is
for general purpose tube only, usually where there only where there is need for u tube used only where a tube of some stiffness, but
is no real requirement for high strength or hardness on us hard or as strong as is commer- yet capabie of readily being bent (or other-
the one hand or for bending gualities on the other. cinlly feasible for the size in question. wise moderately cold worked}) is needed. ;

P Mechanical Properties Yiald Strangth Elonga-
Lo A Tansile | (5% Ext. tion Aockwell | Shear Fatigue
S Size Strangth | under Load)| {-2% Offsat){ in 2in. ;| Hardness |Strangth Strength
i i Form Section Tempar .- )
S Million
Loa in. ksi ksi ksi % F 1 B ]307 ksi ksi ‘ Cycles ]
. .i *J! *’ ;H ,
| FLAT § .040in. | 035mm ........ 660 | 280 . 68 |- 55 - | . :
PRODUCTS Half Hard ....... 830 e BN 32 - 92 -
Hard ........... 100.0 13 - 97 -
ExtraHard....... 115.0 ) - 100 -
Spring .......... 1220 4 - 101 -
Extra Spring. .. ... i28.0 e RN 3 - 103 -

WIRE | .080in. | 035mm ........ 660 | ... e 0 (-~ - - .
Quarter Hard . . ... 93.0 N L I e
Half Hard .. .. .... 118.0 I e ST R
- Hard ........... 147.0 B ' A
I

The volues listed obave rapresant reasonoble opproximations sultuble for genaral enpineering use. Dus 10 commaercdial variations in composition and
148 tor facturing Bimitatlons, thay should not be used for specifisation purposes, See applicohle A.5,T.M. swpeclficatidn referencas.
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COPPER ALLOY No. 544 (pHosSPHOR BRONZE B-2)

Composition — percent

Nearest Applicable A S T M Specifications
Nominal | Minimum | Maximum
Flat Products B103,B139
Copper 88 e e Pipe
ph= Lead 4 35 4.5
Iron e .10 Rod § Bi39
Tin §. 4 35 TA5T Shapes | BI139
Zinc 4 1.5 ~d4:5 Tube
Phosphorus e 01 .50 )
Cu+Sn+P+Pb+Zn 99.5 Wire
Physical Properties
English Units C. G. 8. Units
Melting Point {Liquidus) 1830 F 1000 C
Melting Point (Solidus) 1760 F 930 ¢
Density 321 lbfeu in @68 F 8.89 gm jew om @ 20 C.
Specific Gravity 8.89 B.89

per°F from 68 F to 212 F
per°F from 68 F to 392 F

per °C from 20C to 100 C
per°C from20C o 200C

Coefficient of Thermal Expansion
Coefficient of Thermal Expansion

Coefficient of Thermal Expansion
Thermal Conductivity
Electrical Resistivity (Annealed)

0000096 per °F from 68 F to 572 F
50 Btu fsq fi /ft /hr [°F @ 68 F
54.6 Ohms (circ mil /Tt Y@ 68 F

0000173 per°C from 20C to 300C
.21 cal /sq em fem fsec fPC @20 C
9.07 Microhm-cm @20 C

19 ZIACS @68 F
.09 Btu /Ib°F @68 F
15,000,000 psi
5,600,000 psi

110 Megmho-cm @ 20 C

.0% cal fgm f2C @20C
10,500 Kg /sq mm
3,900 Kg /sqg mm

Electrical Conductivity* (Annealed)
Thermal Capacity {Specific Heat)
Modulus of Elasticity {Tension}
Modulus of Rigidity

* Volume Basis

Typical Uses

INDUSTRIAL: bearings, bushings, gears, pinions, shafts, thrust washers, valve parts

Commeon Fabrication Processes

Blanking, drawing, forming and bending, machining, shearing, stamping '

Fabrication Properties

Capacity for Being Cold Worked ................. Good Suitability for being joined by:
Cupacity for Being Hot Formed .........0iivniiinian.. SOldETIOE, vty et e e Excellent
Hot Forgeability Ruting (Forging Brass=100) «+v....vuvn. Brizing ... .., Good
Hot Working Temperature ............ For ...... Oxyacetylene Welding. . ... ..., Not Recommended
Annealing Temperature « . ... ... 900-1250F or 475-675C Gas Shielded Arc Welding. . . ... Not Recommended
Machinability Rating (Free Cutting Brass=100)......... 80 Coated Metal Arc Welding .. ... Not Recommended
A Spob «vonn... Not Recommended
Resistance Welding Seam........ Not Recommended
¢ Bugt .. ... e Fair

The volues listed above represent rectanohle opproximetions sujtable far general engineering use. Bue ta commerciol variations in compasition and
to monufacivring limisations, they shovld not be used for specification purposes. See applicoble A.5.7.M. specificotion references. 149
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COPPER ALLOY No. 544 (Continusd)

Forms and Tempers Annealed Tempars Roiled or Drawn Tampers Hot )
Most Commonly Used S Finished [~ 7
- Tempers
Kl g
Nominal Grain Size mm § ?
o b~
i < 3
I 8 . O i
= o 8 g 2 ! B E.
- 4 P e | 2
5 2| % & £ o 26 5 £13 B¢
€ £ o T 3 ] H 1 B 8l 31k
24| . 5 § 0O T & . 5 6|« Els
segeaolz £l 25 = e f oz ogi2 dE
: . =od383a8dF| &5 fFfEE B E S F 3|2 2]
? Strip, Rolled § ........ @ AN AU AP
: Strip, Drawn { .......... D D e .
Flat Wire, Rolled § .. ... ... . i iene s T A .
FLAT Flat Wire, Drawn § ..... e Y A A
PRODUCTS Bar,Rolled 8 ............. S I A, ;
Bar, Drawn I ... ..o e i '
2] 1T < U N A
* ) Plate § ............. Y T Y A
' R.OD .................................. [ I R R TS ST I M
L 3 = . A DU RN A
1 7 Y A AR O
PIPE § o ooonnnnnnnnesn ]
23 3 - 2 3. [ R O A R '
1. BRAWN — GENERAL PURPOSE temper is used 2, HARD DRAWN temper is used 3. LIGHT DRAWN - BENDING temper Is
for general purpose tube only, ususlly where there only where there is need for a tube used only where a tube of some stiffness, but
is no real requiremnent for high strength or hardness en as hard or as strong as is commer- yet cupabie of readily being bent {(or other-
the one hand or for bending qualities on the other. cially feasible for the size in question. wise moderately cold worked) is needed. :
o Mechanical Properties Yield Strength Elonga- :
B Tensile {.6% Ext. tion Rockwall Shear Fatigua
Size Strength | under Load}] (.2% OFffset}| in2in. | Hardnass |Strength Strength
Form Saction Tempar _—
Million
in. ksi ksi ksi % £l B laoT ksi ksi I Cycles
—
FLAT )
PRODUCTS 040 in. 035 mm ......... 44.0 19.0 e 50 165 - - .
Half Hard....... . 58.0 40.0 e 24 - 68 - ;
ROD S00in, {Hard (35%) ....... 75.0 63.0 RPN 15 - 83 -
1.0 in, Hard (25%). ....... 68.0 57.0 Ve 20 - 80 - :
[ 4
t
The values listed sbove represent raasonable approximetions suitable for general engineering use. Due to commercial variations in campesition and
150 to manufasturing lmiratiens, they should nor be usad for specificarion purposes, Sea applicoble A 5.T.M. specificatidn refsrances. i
.". i




COPPER ALLOY No. 608 (ALUMINUM BRONZE, 5%)

Composition — percent

Nearest Applicable AS T M Specifications

Nominal | Minimum | Maximum
- Flat Products
Copper 95 93.0 e Pipe
ead .10
Iron .. .10 Red
Aluminum 5 5.0 6.5 Shapes
Arsenic 02 35 Tube Blil, B359, B395
Copper + Elements
with Specific Limits 99.5
ical Properties
thS[ P English Units C. G. 5. Units
Melting Point {Liguidus)} 1945 F 1063 C
Melting Poin{ (Solidus) 1920 F 1050 C
Density 295 Ibjeu in @68 F 8.17 gm Jcucem @ 20C.

Specific Gravity

Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Thermal Conductivity

Electrical Resistivity (Annealed)
Electrical Conductivity* (Annealed)
Thermal Capacity (Specific Heat)
Modulus of Elasticity (Tension)
Modulus of Rigidity

*Volume Basis

0000100

17,500,000
6,600,000

8.17

per°F from68 F to 212 F
per°F from 68 F to 392 F
per®F from68 F to 572 F
Btu /sq ft /ft /hr /°F @ 68 F
Ohms {circ mil /ft }@ 68 F

8.17

.000018]
.19
10

46
60

17 % IACS@ 68 F 059
.09 Btu /lb°F @68 F .09

12,300
4,640

psi
psi

Typical Uses

Industrial: condenser, evaporator and heat exchanger

tubes, distiller tubes, ferrules

Commeon Fabrication Processes

Forming and bending

Fabrication Properties

per°C from 20 C to 100 C
per °C from 20 C 10 200 C
per®C from20C 10300 C
cal fsq cm Jem fsee ffC @20 C
Microhm-cm @ 20 C
Megmho-cm @ 20 C

cal fem /°C @20 C

Kg /sq mm

Kg /sq mm

Cupacity for Being Cold Worked -.........vviuo. . Good Suitability for being joined by:
Capacity for Being Hot Formed -« «.vereeeernnnnnn. Fair Soldering. .................. Not Recommended
Hot Forgeability Rating (Forging Brass=100)............. Brazing .. i e Fair
Hot Working Temperature . ..... 1450-1600F or BOD-875 C Oxyacetylene Welding ....... Not Recommended
Annealing Temperature ........ 1000-1200F eor 550-650 C Gas Shielded Arc Welding. . ............... Good
Machinability Rating (Free Cutting Brass=100)......... 20 Coated Metal Are Welding. .. .............. Good
; - ‘ Spot ... Good
Resistance Welding Seam................-.. Good
- ‘Butt ..o, Good
The volues listet above teptezent reasonoble cpproximations suiichle for general engineering use. Due Jo commercial voriations in tomposition and
1o manufacturing limitations, they should not ke used for specification purposes. See opplicable A.5.T.M. specification references.
{Cantinued on other side) 151




COPPER ALLOY No. 608 (Continued)

Forms and Tempers Annealed Tampers Rolled or Drawn Tampers Hot )
Most Commonly Used ‘ Finished| %,
- Tampers
3 o
Nominal Grain Size mm § ?
. 3 g
5 5 € §
} T [ o~ @ §
H - -] o |
- 3§ T 5 E o E
T 2| E 2 5 ' § 6 5 %3 E £
c ¢| 2 T 3 F OB [
g4l 5 & O T & ! § 512 E =
segugels£|£ 5= 2z ¢ &g i og|f &l
"me8388lg3d 4 fFfES S H S E Tlao2|d
t i
b Strip, Rolled § ....... Ceeraaan D 1IN DU P . .
) Strip,Drawn d . ........... e Y [P PO
Flat Wire, Rolled § . ...........o.v... .. D P R
FLAT Flat Wire, Drawn | . ..o oinvinnanen s i e e e et e e .
PRODUCTS Bar,Rolled B . ... ... ... ... o b S RN AP B
Bar, Drawn . ... oo e s e ee e
1T T I [ PP
. Plate f ... .ot e it e i s e e e e e
50 ] 1 R
WIREE ........ciiiiiiiiinns e e e e e PR A
TUBEH ........... Y I
10 ) 5 . AN [ Co
SHAPESf -....... e P A DU Yo

1. DRAWN — GENERAL PURPQOSE temper is used
for genecral purpose tube only, usually where there
is no real requitement for high strength or hardness on
the one hand or for bending qualities on the other.

2. HARD DRAWN temper is used
only where there is need for a tube
as hard or as strong as is commer-
cially feasible for the size in question.

3. LIGHT DRAWN - BENDING temper is
used only where 1 tube of some stiffness, bul
yet capable of readily being bent (or other
wise moderately cold worked) is needed. :

Mechanical Properties Yield Strength Elonga-
Teansils | {.5% Ext. tion Rockwell Shear Fatigue
o Size Strength | under Loed}] [.2% Offset)| in2in. | Hardness |Strength Strangth
G Form Saction Temper ’ :
sl Mitlion
: : in. ksl ksi ksi % | g]alaor) ki ksl | Cycles |
: !. w T A
i TUBE 1.0in.OD|.025mm .......... 60.0 27.0 535 V77T - =1 ..., ceen NN
h X 065 in. : ‘
! ! .>

The values lHated above reprasent recsonable approximations svitabile for general engineering use. Due 10 commarcial varialions in composition and
to manvlacturing limitations., they ahould not be used for apacification purpases, See applicable A.5,T.M. specificalidn refarences.
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COPPER ALLOY No. 610

Composition — percent

Nearest Applicable A S T M Specifications
Nominal | Minimum | Maximum
Copper 92 R
Lead .02
ron .50
Zinc cee .20
Aluminum 8 6.0 8.5
Silicon .10
Copper + Elements
with Specific Limits 08.5
Physical Properties .
English Units C. G. 5. Units
Melting Point (Liquidus) 1905 F 1040 ¢
Melting Point {Solidus) F C
Density 281 Ibjcu in @68 F 7.78 gm feu cm @ 20 C.
Specific Gravity 7.78 7.78
Coefficient of Thermal Expansion per°F from 68 F to 212 F per°C from20C to 100 C
Coefficient of Thermal Expansion per°F from68F to 392 F per°C from20C to200C
Coefficient of Thermal Expansion 0000099 per®F from68 F to 572 F 0000179 per®C from20C to 300C
Thermal Conductivity 40 Btu/sq ft /fft fhr /°F @ 68 F 27 cal fsqg em fem fsec PC @20 C
Electrical Resistivity { Annealed) 69.2 Ohms (circ mil /ft )@ 68 F 11.5 Microhm-cm @ 20 C
Electrical Conductivity* {Annealed) 15 B JACS @68 F 087 Megmho-cm @20C
Thermal Capacity (Specific Heat) .0% Bitu/lb°F @68 F 09 catfgm/f~C @20C
Modulus of Elasticity (Tension) 7,000,000 psi 12,000 Kg/sg mm
Modulus of Rigidity 6,400,000 psi 4,500 Kg/sq mm
* H . v . Yoed
Volume Basis Typical Uses q- o 38 -
7 _ 3 it
Bolts, pump parts, shafts, tie rods, overlay on steel for wearing surface e
, . JE‘_.IJ ﬁ‘}‘
Common Fabrication Processes
Blanking, drawing, forming and bending, heading and roll threading
Fabrication Properties
Capucity for Being Cold Worked .. .......... .. ..., Goaod Suitability for being joined by: -
Capacity for Being Hot Formed -.......... ... ..., Good Soldering . v v e e Fair
Hot Forgeability Rating (Forging Brass=100) .......... 70 Brazing . ..coeunnninnnen.nn Not Recommended
Hot Working Temperature. .. .. 1400-1600 F or 760-875 C Oxyacetylene Welding ....... Not Recommended
Annealing Temperature....... 1100-1250 F or 600-675 C Gas Shielded Arc Welding  ............... Goad
Machinability Rating (Free Cutting Brass=100)......... 20 Coated Metal Arc Welding ............... Good
Spot ... Good
Resistance Welding 171 J U Fair
BUIt - - v e i emcraerenns Good

The values listed chave repreient recsonohle opproximotiens witoble for genern! engineering use. Due to commercial variationt in tompositien ond
1o manufocturing limitations, they should not be used for specification purposes. See applicable A.5.T.M. specification references.

(Continued on other side)
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COPPER ALLOY No.610 (Continued)

Forms and Tempers Annsealed Tempers Rolled or Drawn Tempars Hot < )
Most Commonly Used : Finished
fons Tampers
: F z
: Nominal Geain Size mm E E’
o
‘ 3 =
; T = . o »
b - 1= () | o
; - B ® 5 ¢ § = g|2 3
! 8 2/ F &, & T £ 6 § i|3 B}E
: E £ £ w2 ] | #8 Bl S[r
< s 8 £ ¢ T o &% ¢ 6 0l Elz
e 0owwuwse £|E F £ ¥ ¢ B & B g w g|x &8 !
e 5 b @ N o135 B & 3 £ & % 3 % B 5 ®© '§_ g
Teaagcgeld dja 8 F F £ d & 4 & £ 32 4 ;

Strip, Rolled § ..... e e .
Strip, Drawn 8 .......... . ... TR I L L T T T S e e
Flat Wire, Ralled | --- -+ vvvimm e e e eeenenabee b
FLAT Flat Wire, Drawn f -+ oo oo oot i e e i sttt s st et e b b
PRODUCTS Bur, Rolled § -+« - oo i e b
Bar, Drawn & ..o b e et e e e
: Sheet § -+« oo e b
“ T - U A S
ROD Y - .- i L AN LI A ST
WIREY ..... F T L T P
L N Y U IO .- ;
PIPER - oo / \) :
SHAPESH - - - v e e R R
1. DRAWN — GENERAL PURPOSE temper is used 2. HARD DRAWN temper i5 used 3. LIGHT DRAWN - BENDING temper is
for general purpose tube only, usuaily where there only where there iy need for u tube used only where a tube of some stiffness, but !
is no real requirement for high strength or hardness on os hard or us strong as is commer- yet copable of readily being bent (ot other- .
the one hand or for bending qualities on the other. cially feasible for the size in question. wise moderately cold worked) is needed. ,
Cr Mechanical Properties Yield Strangth Elongs-
S Tensile | (5% Ext. tion Rockwell Shear Fatigua i
- Siza Strength | under Load}| {.2% Offset}| in 2in. | Hardness | Strangth Strangth :
el Form Saction Tampar il
e Million
" 1 in. ksi fesi ksi % F ! B Iaﬂ-r ksi kesi l Cycles
B R
ROD [.0in. |Soft Anneal ...... ..{ 700 30.0 e a5 - 60 -
. Hard (40%) ....... 80.0 55.0 . 25 |- 85 -

The values listed obove reprasent reassnable appreximolions suhable for general engineering use. Due to commaerciol veriotions in campoesition and
154 ta manufactering limitations, they should nat be used far specifitation purposes. See applicable A.5.T.M. specificatidn references.
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COPPER ALLOY No. 614 (aLuMiNUM BRONZE D)

Composition — percent

MNearast Applicable A8 T M Specifications
Nominal { Minimum | Maximum .
Flat Products B150, B169, B171, B432
Copper 91 . Pipe
Lead .01 Rod B150
Iron 2 1.5 3.5 Shapes B150
Zinc v e .20 Tube
Aluminum 7 6.0 8.0 Wire
Manganese I.0
Phosphorus 015
Copper + Elements
with Specific Limits 99,5
Physical Properties ) ) _
) English Units C. G. 5, Units
}
Melting Point (Liquidus) 1915 F 1045 C
Melting Point {Solidus) 1905 F 1040 C
Density 285 lbhjfeu in @68 F 7.8% gm feucm @ 20 C.

Specific Gravity 7.89
Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Coefficient of Thermal Expansion

Thermal Conductivity
Electrical Resistivity {Annealed}
Electrical Conductivity* {(Annealed)

0000090
39

74.1

14

Thermal Capacity {Specific Heat) Q9
Modulus of Elasticity (Tension} 17,000,000
Modulins of Rigidity 6,400,000
*Volume Basis
HARDWARE:

INDUSTRIAL:

MARINE:
MUNITIONS:

Capacity for Being Cold Worked
Capacity for Being Hot Formed ......,.........
Hot Forgeability Rating {Forging Brass = 100)......
Hot Working Temperature 1450-1700 F or B0
Annealing Temperature 1125-1650 F or 60
Machinability Rating (Free Cutting Brass = 100)

Rt b

7.89
per*F from 68 F to 212 F
per®F from68 F to 392 F
per°F from 68 F to 572 F
Btu fsq ft /it /hr [°F @68 F
Ohms {circ mil /it )@ 6B F

,0000162
.lé
12.3

% IAC5 @68 F 081
Btu/lb°F @68 F 09
psi 12,000
psi 4,500
Typical Uses
nuts, bolts, stringers and threaded members

per®C from20C to 100 C
per°C from20C to 200 C
per°C from 20C 10 300C
cal fsg cm fem fsec FC @20 C
Microhm-cm @20 C
Megmho-cm @20C

cal fem j°C @20 C

Kg /sq mm

Kg /sqg mm

corrosion resistant vessels and tanks, struc- -

tural components, machine parts and mem-
bers, condenser tubes and piping systems

protective sheathing and fastening
mixine troughs and blending chambers

Common Fabrication Processes

Fabrication Prope:ties

Blanking, drawinp, forming and bending, heading and roll threading

.. Good Suitability for being joined by:
.. Good Soldering. . .......... ... Not Recommended
....... Brazing ............ .. i ittt .. Fair
0-225 C Oxyacetylene Welding ........... Not Recommended
0-900 C Gas Shielded ArcWelding . . ... .............. Good
..... 20 Coated Metal Arc Welding .................. Good
Spot ... Good
Resistance Welding Seam ..........iienl, Good
Butt ... Good

{Contfrued on other side}

The values tisted ubove represent recsoncble approaimotions suitable far general engineering use. Due to cemmercizl voriations in compaosition and
to menulocturing limitations, they should nat be used for specification purposes. See applicable A.5.T.M. specification references.
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Forms and Tempers
Most Commonly Used

FLAT
FPRODUCTS

Rolied or Drawn Tampers Hot .
Finished i -7
= Tampers
8 X
Nominal Grain Size mm E. z
T a 3
g % a
I E .y »
- 3 ? & S ez £
8 2| % 3 § T £ o6 5 8|35 %
c E) R 2 3 § 5 | 8 Ble B|E
¢ <=z &8 £ ¢ & e 4 O fe 2ig
o e 9 n o 2l 8 E = 8 » 8 B p 3 o 2|2 XiE
o K~ L ) > 5 § £ & ¥ & ® B £ 5
moé885|d5| & 2 EFE EEEE 8 F 3|2 2|
L R e
s———
-------- P T L S 8
....... P
................ I L T .x‘.
................ - . T B O
..................................... N RS
................ ». S I I
................ ». I N T T I PR R
.......................... e
..................................... [ I e I .

1. DRAWN — GENERAL PURPOSE temper is used
for general purpose tube only, usunlly where there
is no real requirement for high strength or hardness on
the one hand or for bending qualities on the other,

Farm

FLAT
PRODUCTS

ROD

gt

Strip, Rolled
Strip, Drawn
Flat Wire, Rolled
Flat Wire, Drawn
Bar, Rolled

Bar, Drawn
Sheet

Plate

ROD

WIRE

TUBE

PIPE

SHAPES

Mechanical Properties

Annsaletd Tampars

as hard or as

2. HARD DRAWN temper is used
only where there is need for a tube

cially feasibie for the size in question.

COPPER ALLOY No. 614 (Continued)

strang as is commer-

1o manufocturing limlations, they should not be used for spacificatian purpases. See cpplicable A.5,T.M, specificarldn raferencas,

The valuas listed obove reprecent reasonabls appraximations suitable for general snpineering vse. Dua to commercial variations in composition and

3, LIGHT DRAWN - BENDING temper is
used only where a tube of some stiffness, bul
yet capable of readily being bent {or other
wise moderately cold worked) is needed. :

Yield Strength Eionga-
Tensile | {5% Ext. tion Rockwall | Shear Fatigue
Size Strength| under Load)| (.2% Offset}] in2in. | Hapdness {Strength Strangth
Saction Tampar Mi ,
illion !
in, ksi ksi si % Fl g l3aoT ksi ksi I Cyclas
R A
Jd25in. (Seft............., 82.0 45.0 40 - B4 - 430 30.0 100
Hard,............. 850 60.0 32 - B7 ~| .... RN P
312in. [Soft ... ..., 80.0 40.0 40 - 83 -| 420 28.0 10Q
Hard.............. 85.0 58.0 3s - 86 -~ ....
S500in, {Soft.............. 78.0 35.0 472 - 82 -~ 40.0 26.0 100
Hard,............. 80.0 54.0 38 - 85 -] .... e v
I.0in, Soft ......c.oouvun 76.0 33.0 45 -~ 81 -] 400 25.0 100
Hard.............. 78.0 45.0 40 - 84 - ‘
,
500in. |Hard.............. 85.0 45.0 35 |- 91 -| 480 A
1.0 in., Hard.,............. 82.0 40.0 35 - 890 -} 430
2.0 in, Hard.......... . 80.0 35.0 35 -~ 88 -1 400 .




COPPER ALLOY No. 613

Compasition — percent

Nearest Applicable A S T M Specifications

Neominal | Minimum | Maximum Flat Products B169, B171
Copper 927 | ..... RN Pipe
Iron 3.5 Rod BI50
Tin 3 20 50 Shapes
Aliminum 7.0 6.0 8.0
Manganese | .... e .50 Tube
Nickel cae e .50 Wire
Copper + Elements
with Specific Limits 99.5
Physical Properties
English Units €. G. 5, Units
' Melting Point {Liquidus) 12153 F 1045 C
Melting Point (Solidus) 1905 F 1040 C
Density 287 1bjcu in @68 F 7.95 gm feucm @20 C.

Specific Gravity 7.95
Coefficient of Thermal Expansion

Coeffiicient of Thermal Expansion

7.95
per°F frem 68 F to 212 F
per °F from 68 F to 392 F

Coefficient of Thermal Expansion
Thermal Conductivity

0000090 per°F from 68 F to 572 F
32 Btu fsgq ft /ft /hr 'F @ 68 F

.0600162

.13

per°C from 20 C to 100 C
per®*C from 20C 1o 200 C
per°C from 20 C to 300 C
cal fsq cm fom fsec *C @20 C

Electrical Resistivity (Annealed) 86.8 Ohms (circ mil /ft )@ 68 F 14.4 Microhm-cm @ 20C
Electrical Conductivity* (Annealed) 12 % IACS @68 F 070 Megmho-cm @ 20C
Thermal Capacity (Specific Heat)} 09 Btu /ib*F @68 F 0% caljgm °C @20C
Modulus of Elasticity (Tension) 17,000,000 psi 12,000 Kg /sq mm
Modulus of Rigidity 6,400,000 psi _ 4,500 Kg fsq mm
*Volume Basis . .
Typical Uses 7 -
© HARDWARE: Nuts, bolis
"INDUSTRIAL: Corrosion resistant vessels, tanks,
Co components, machine parts, piping
systems, heat exchanger tube
MARINE: Protective sheathing and fastenets
MUNITIONS:  Blending chambers, mixing troughs
Common Fabrication Processes
Blanking, drawing, forming and bending, cold heading, roll threading, welding
Fabrication Properties
Capacity for Being Cold Worked . .......o.coan..., Good Suitability for being joined by:
Capacity for Being Hot Formed ................... Good Soldering. . ................. Not Recommended
Hot Forgeability Rating (Forging Brass=100) ......... 30 Brazing ...... ... .. il Fair
Hot Working Temperature. . . .. 1450-1700 F or 800-925 C Oxyacetylene Welding ......... Not Recommended
Annealing Temperature 1125-1600F or 600-875 C Gas Shielded Arc Welding - - -~ .. .vovnn, Excellent
Machinability Rating (Free Cutting Brass= 100) ........ 30 Coated Metal Arc Welding -+ vovvvvrnennnn. Good
: Spot .. Good
Resistance Welding SEAM +vveveina i Good
: Buff .+ oveeenoennnanas Good

The values lisvted above repretent rectonable opproximations suitable for general engineering use. Due 10 eemmercial variatiom in compositicn and
to manufocturing limitations, they should nat be wsed for specification purposes. See applicchle A.5.T.M. specification references.

{(Continued on other aide)
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Forms and Tempers
Most Commonly Used

Strip, Rolled
Strip, Drawn
Flat Wire, Rolled
Flat Wire, Drawn
Bar, Rolled

Bar, Druwn
Sheet

FLAT
PRODUCTS

COPPER ALLOY No. 613 (continuea)

Annealed Tempaors

Nominal Grain Size mm

Plate
ROD
WIRE
TUBE
PIPE
SHAPES

1. DRAWN — GENERAL PURPOSE lemper is used
for general purpose tube only, usually where there
is no real requirement for high strength or hardness on
the one hand or for bending qualities on the other.

Mechanical Properties

.................

Rotled or Drawn Tempers Hat
Finished
o Tempers
- -
2 B
e £
T & g
2 T . o u
- & o 1 H
- ® T 2 B & £ £ 3 a
5 8|3 £ - 2 & 5 §|3 RBIE
E E{ £ T 2 ] 5 F Bl BjE
C o . 5 =] I Q%‘ | =3 o = -
< o € £ I o g o § O 8 % |
f E| £ 8 = E g § £ E 2 ¢ E|T u)g
- = =1 '9
a3 8§ 6 2£ 28 & 548 % |2 a|d
N T
..... T [
L T
L F T ETE T T R
............... [ T T e
[ [ T [
R AL I
...................................... e B

2, HARD DRAWN temper is used
only where there is need for a tube
as hard or as strong as is commer-
cially feasible for the size in question.

Yield Strength

Tansile | {.5% Ext.
Size Strength | yndar Load)| {.2% Offset]
Form Section Temper
in. ksi ksi ksi
A, T
FLAT .125in. | Soft Anneal........ 80.0 40.0
PRODUCTS 500 in, | Soft Anneal...... . 78.0 35.0
1.0 in. Soft Anneal........ 76.0 33.0
3.0in. Soft Anneal.,...... 70.0 30.0
ROD 500 in, | Hard (25%)........ 85.0 58.0
1.0 in, Hard (25%)........ 82.0 550
2.0 in. Hard (25%)....... 80.0 48.0

Tha values listed obove represent reqsanabla approximafions suitable for general anpinearing use, Due 10 commarcial varicliens in compesition and
1o manulacturing limitatians, they should not be used for specification purposes, See applicuble A.5.T.M. spacification refersnces,
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Elonga-
tion
in2in.

%

40
42
42
40

35
35
35

3. LIGHT DRAWN - BENDING temper is
used only where a tube ol some stiffness, but
yet capable of readily being bent {or other
wise moderately cold worked) is needed.

Rockweli | Shear Fatigue

Hardness | Strength Strength
Miliion

- B2 -~ 520 28.0 100

- 81 - 500 26.0 100

- 79 -] 45.0 25.0 100

- 78 —-| 420 210 100

- 91 ~| 48.0

- 90 -1 450

- 88 -~ | 40.0




Compaosition — percent

COPPER ALLOY No. 618

Nearest Applicable A S T M Specifications

Nominal | Minimum | Maximum
Copper g% e
Lead . v 02
Iron 1 .50 1.5
Zinc cen. .02
Aluminum 1d i1.0
Silicon .10
Copper + Elements
with Specific Limits
Physical Properties
English Units C. G. 5. Units
; Melting Point (Liguidus) 1913 F 1045 C
Melting Point (Solidus) 1904 F 1040 C
Density 272 1b fcu in @ 68 F 7.53 gm jeucm @20 C.
Specific Gravity 7.33 753

Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Thermal Conductivity

Electrical Resistivity {(Annealed}
Electrical Conductivicy* (Annealed)
Thermal Capacity {Specific Heat)
Modulus of Elasticity {Tension)
Modulus of Rigidity

*Volume Basis

per°F from 68 F to 212 F
per°F from68 F to 392 F
.0000090 per°F from 68 F 10572 F
37 Btu fsq ft /it fhr /°F @ 68 F
79.8 Ohms (circ mil /it ) @ 68 F
13 2 1ACS @68 F
0% Btu/lb°F @68 F
17,000,060 psi
6.400,000 psi

Typical Uses

Common Fabrication Processes

Hot forging, hot pressing

Fabrication Properties

per®C from20C to 100 C
per°C from20C (0200 C

0000162 per°C from20C to 300C

A5 cal jsg cm fem fsec PC@20C
13.3 Microhm-cm @20C
075 Megmho-cm @ 20 C
0% cal fpm /°C @20C
12,000 Kg /sq mm
4,500 Kg /sq mm

Bushings, bearings, corrosion applications, welding rod

Capacity for Being Cold Worked . ................... Fair Suitability for being joined by: ‘
Capacity Tor Being Hot Formed .................. Good Soldering.. . ... ... Fair
Hot Forge_ubility Rating (Forging Brass=100) .......... 50 Brazing ... e e Good
Hot qukmg Temperature .. ... 1400-1625F or 750-885 C Oxyacetylene Welding . ..., ... Not Recommended
Annealing Temperature ....... 1100-1200 F or 600-650 C Gas Shielded Are Welding . .. .............. Good
Machinability Rating (Free Cutting Brass = 100}......... 40 Coated Metal Arc Welding .. .............. Good
Spot ... Good
Resistance Welding Seam................... Goad
Butt ... Good

The volues tisted ohove represest reasonable approximations suitchle for general engineering use. Due 1o commerciel variationt in composition and
ta manufarivring limitations, they should nat be wsed Far specification purpases. See applicable A5, T.M, specificotion references.
(Continied on other picie) 159




COPPER ALLOY No. 518 (continued)

Forms and Tempers

Most Commeonly Used |

Nominal Grain

Annasled Tempaers

Rolied or Drawn Tempers Hot ‘. '
Finishw }
o Tempars
g B
Size mm § E
T H 2
5 - =
T . @
- 5 k-] E & g E % |l: -g E‘
§ 8128 . F ® Eo 5 E|ls %|E
E ¢ £ T 3 | @ Pl 3|pm
c q = 5 O z & A Ofe &=
< Tls & I 2 t Q % |E
wels EVE FEx B v g £ f oz oglE
dald I|& 6 £ £ &2 & & & 5 F F|e 4 §

--------

Strip, Rolled
Strip, Drawn
Flat Wire, Roiled
Flat Wire, Drawn
Bar, Rolled

Bar, Drawn
Sheet

Plate

RCD

WIRE e e s

TUBE

PIPE

SHAPES § '-- -

FLAT
PRODUCTS

--------

1. DRAWN — GENERAL PURPOSE iemper is used
for general purpose tube only, usually where there
is no real requirement for high strength or hardness on
the one hand or for bending qualities on the other,

Mechanical Properties

Size
Form Section Tampar
in.
e

ROD 1.0 in. Half Hard (15%) I
2.01in. Half Hard (15%) ....
3.0in, Half Hard {15%)....

-----------

.......
...........
........................
...........

2. HARD DRAWN temper is used
only where there is need for a tube
as hard or as strong os is commer-

cially feasible {or the size in question.

The valuas listed nbove represent recsonable oppraximetions svitable for genaral anginearing use. Dus to commuercial variations [n compositlon and
to manufacturing limitations, thay should not be used For spacificatian purposes. See applicable A.5.T.M. specificalicn raferunces.,
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..............

...................

.....

.............................

.............................

3, LIGHT DRAWN — BENDING temper |
used only whesre a tube of some stiffpess, bu
yet capable of readily being bent {or other
wise moderately cold worked) is needed.

Yiald Strength Elonga-
Tensile | (5% Ext. tion Rockwell Shear Fatigue
Strength | under Load)| (.2% Otfset)| in2in. | Hardness |Strength Strangth
Mitlian
ksi kesi kesi % 30 kesi kesi Cycles
850 | 42.5 23 |- 89 -| 470 | 280 100 -
82.5 39.0 25 - BB -} 450 28.0 100
80.0 3%.0 28 —~ BB -] 430 26.0 100




Composition — percent

COPPER ALLOY No. 619

Nearest Applicable A S T M Specifications
Nominal | Minimum | Maximum i
oo i R i i v
Copper 86.5 “h
Lead el e .02
Iron 4 3.0 4.5
Tin .6
Zinc e e B
Aluminum 9.5 8.5 10.0
Copper + Elements
with gpecific Limits 99.5
Physical Properties )
English Units C. G. 5. Units
s R AR e e AL e )
Melting Point (Liquidus) 1920 F 1050 C
Melting Point {Solidus) 1905 F 1040 C
Density 270 lb/cu in @GB F 7.5 gmfcucm @30C.
Specific Gravity 7.5 7.5

Coefficient of Thermal Expansian
Coefficient of Thermal Expansion
Coefficient of Thermzl Expansion
Thermal Conductivity

Electrical Resistivity (Annealed)
Electrical Conductivity* (Annealed)
Thermal Capacity {Specific Heat)
Modulus of Elasticity (Tension)
Modulus of Rigidity

*Volume Basis

Capacity for Being Cold Worked
Capacity for Being Hot Formed

Hot Working Temperature
Annealing Temperature

Hot Forgeability Rating (Forging Brass = 100) ce
1020-1520F or 580-825 C
1000-1450F or 550-790 C
Machinability Rating (Free Cutting Brass = 100)

per°F from 68 F to 212 F
per*F from 68 F to 392 F
0000090 per°F from 68 F to 572 F
45.9 Btu /sq ft /ft fir [°F @ 68 F
99 Ohms (circ mil /ft )@ 68 F
105 %IACS@68 F
.10 Btu /lb°F @68 F
16,000,000 psi
psi

Typical Uses

Springs, contacts and switch components

Common Fabrication Processes

.00001a2

1%
16.4
06!

.10
11,200

Blanking, forming, bending, shearing and stamping

Fabrication Properties

................

Brazing

....... ’ e

Oxyacetylene Welding- -- ... ...
Gas Shielded Arc Welding
Coated Metal Arc Welding

Resistance Welding

{Continued on other aide)

per®C from20C to 100 C
per*C from20C to 200 C
per*C from20C to 300 C
cal fsq cm jem fsec fC @20 C
Microhm-cm @20 C
Megmho-cm @ 20 C

cal fgm f°C @20C

Kg /sq mm

Kg fsq mm

Suitability for being joined by:
Soldering. . ...

........................ Fair
Not Recommended
Excelient
Good

Spot
Seam
Butt

...................

The values listed sbove represent reosenahle opproximations suitable far general sngineering yse. Due to commarciol voriations in compasition and
to monufacruring limirarians, they should not be vsed for specificolion purposes. See applicable A.5,T.M. specification referances,
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COPPER ALLOY No. 619 (continued)

S

Forms and Tempers Annealed Tampers Rolled or Drawn Tempers Hot ,
Most Commaonly Used Finished
= Tempers
g 2
Nominal Grain Size mm g £
T £ £
f E - 5 "
= o ] g 2l 8
I8 % ¢ 5oz £8 5 513 It
£ g £ o ] H = | F B TIE
E < c 5 £ =] x & c O &1 . E -
gsgguuels 2[5 5z By g 3z o(d il
258888)53|8 3% EF 355248 : 5|2 208
_M
Strip, Rolled f -+« «c - er v ®d o . ® ... e -8 ... N N R
Strip, Drawn §f « - - ¢ v e rrv et i et is i st s ns s na i eserabenie
Flat wire‘ Rolled B ++ - vt i ar i v e s s s is s r s ts s s st s e anarrsenv oo o] oasnas
FLAT Flat Wire, Drawn & - - -« -« - oo e b
PRODUCTS T ey |3 N - S I B
Bar‘ Prawn @ - - -+« v v i s v o s o i i de s e e s S b e e a e e e s P T S
- O T T T T TR T T T I S R I I I PR S
F T = - S P I [
RODE -« v oot e e e i I S
WIRE G -« oo i e e i e e e e
TUBEH -« v v e v e ienienecde tnee e ies et teianananas R P
PIPER ..o s e e e .
SHAPES H ......................................................... R )
1. DRAWN — GENERAL PURPOSE temper is used 2. HARD DRAWN temper is used 3. LIGHT DRAWN — BENDING temper is
for peneral purpose tube only, usually where there only where there is need for a tube used only whers n tube of some stiffness, but
is no real requirement for high strength or hardness on ns hard or as strong as is commer- yet capable of readily beinp bent (or uther-
the one hand or for bending qualities on the other. cinlly feasible for the size in question. wise moderately cold worked) is needed.
Mechanical Properties Yiald Strength Elonga-
Tensile | {5% Ext. tion Rockwall | Shear Fatigua
Size 4 Strength | under Load)] {.2% Offset}| in2in. | Hardness |Strength| Strangth
Form Section Temper .
Miilion
in. ksi ksi kesi % F LB J3DT tsi ksh l Cycles
- - ﬂ
FLAT §.040in. |Amnealed ......... 92.0 49.0 60.0 30 - - 12
PRODUCTS Half Hard ......... 104.0 2 80.0 21 - 9378
Hard ... oas 121.0 *¥ 102.0 B — 98 83
Hard*............. 135.0 *a 120.0 2 - - -
: Spring . ........... 130.0 ok 108.0 4 —-100 83 . 33.5 100
. Spring* _.......... 145.0 ¥ 135.0 bS5t —- — - ... 38.5 100
Extra Spring........ 137.0 wx 117.0 3 -100 84 A e
Extra Spring* ... .. 152.0 *% 145.0 1 - - -

* After heat treatment for | hour at 450F, :
*“*Nat applicable because the %% extension under foad
yield strength is below Lhe elastic limit,

The values listed above represent racsonable approximations suitable for genaral anginaaring use. Due to commercial varic'ions in compoaitian ond
162 1o mapufacturing limitations, they should not be used for specification purpoias, Ses applicable A.5.T.M. spacification rafesances, . /
/' F:




COPPER ALLOY No. 623

kY

' Compaosition — percent
Nearest Applicable AS TM Specifications

Nominal | Minimum | Maximum
Flat Products
Copper 37 .
Iron 3 2.0 4.0 Pipe
Tin b Rod B150
Aluminum 10 8.5 11.0
Shapes
Manganese cees R .30
Silicon [ .... o 25 Tube
Nickel i v 1.0 Wire
Copper + Elements
with Specific Limits g9.5 AN
Physical Properties
English Units C. G. 5. Units
Melting Point {Liquidus) 1915 F 1045 C
Melting Point {Solidus) 1905 F 1040 C
Density 276 1b jcu in @68 F 7.66 gm fcu cm @20 C,
Specific Gravity 7.66 7.66

per °F from 68 F to 212 F
per®F from &8 F to 392 F
.000009C per°F from 68 F to 572 F

per°C from 20 C to 100 C
per°C from 20 C to200C
0000162 per°C from 20 C to 300C

Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Coefficient of Thermal Expansion

Thermal Conductivity 31 Btufsq ft /ft /hr /°/F @68 F .13 cal fsgcm fem fsec °C@20C
Electrical Resistivity (Annealed) 86.4 Ohms (circ mil /it @68 F 14.4 Microhm-cm @ 20C
Electrical Conductivity* (Annealed) 12 %IACS@68 F 070 Megmho-cm @20C
Thermal Capacity (Specific Heat) 018 Btu/lh°F @68 F 0.0% cal /gm /°C @20C

Modulus of Elasticity (Tension)
Modulus of Rigidity

17,000,000 psi 12,000 Kg /sq mm
6,400,000 psi 4,500 Kg /sq mm

*Volume Basis

Typical Uses

Bearings, bushings, vaive guides, gears, valve seats,
nuts, bolts, pump rods,worm gears, cams

Common Fabrication Processes

Bending, hot forging, hot pressing, forming, welding

Fabrication Properties

Capacity for Being Cold Worked .. ....cvvvnviunnn. Good Suitability for being joined hy:
Capacity for Being Hot Formed ........ccevonvvn.- Good Soldering. . v v v v i Not Recommended
Hot Forgeability Rating (Forging Brass=100) .......... 75 Brazing .ottt a Fair
Hot Working Temperature , ., ., 1300-1600F or 700-875 C Oxyacetylene Weldirg -....... Not Recommended
Annealing Temperature ., ... .. 1100-1200F or 600-650 C Gas Shielded Arc Welding  -.. ..o vvanin Good
Machinability Rating (Free Cutting Brass=100) ... ... .. 50 Coated Metal Arc Welding ... ... .. .0 vt Good
SPat  ce i Good
Resistance Welding SEEM v v v vv e ann e Good
Bult .., Good

The values listed ohove represent reasonsble spproximotions suitoble lar generc! engineering use. Due te commercial voriatians in tomposition and
ta manviacturing limitations, they should not be vsed for specilicotion purpases. See opplicable A.S.T.M. speciticotion reflerences.

(Centinued on ctker pide) 163
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COPPER ALLOY No. 623 (continued)

Annsaled Tempers

Forms and Tempers
Most Commonly Used

{Nominal Grai

Strip, Rolled §
Strip, Drawn |
Flat Wire, Rolled g « -+ -+ - -
Flat Wire, Deawn §
Bar, Extruded §
Bar, Drawn §
Sheet §
Plate ¥

ROD g

FLAT
PRODUCTS

------

.......

...............................

n Size mm

Light Anneal
Eighth Hard
Quarter Haed

Half Hard

Three Quarter Hard
Extra Hard

Hard

....................................

............................
...............................
.....
........................

..............................

Rolled or Brawn Tempars

Hot * -,
Finigh .. Y
Tempi: .

Drawn — General Purposa {1)
Light Drawn — Bending {3)

As Extruded
Special Tempars

Extra Spring
Hard Drawn (2)
As Hot Rolisd

Spring

WIRE |
TUBE §

---------------------------------

PIPE
SHAPES f§ - -

1. DRAWN —~ GENERAL PURPOSE temper is used
for general purpose tube only, usually where there
is no teal requirement for high strength or hardness on
the one hand or for bending qualities on the other,

Mechanical Properties

2. HARD DRAWN temper is used
only where there is need for a tube
as hard or as strong 08 iy commer-
cially feasible for the size in question.

...............
...............
...............
.............
............... ... ‘e
----- -bcql- . .
........ Ao . Iy
............ N

................ NP P

................. ceiy
L
....... : b

3. LIGHT DRAWN - BENDING tempet i
used only where a tube of some stiffness, Ix
yet capable of readily being ben! {or othe
wise moderately cold worked) is needed.

Yield Strength

Elonga-

Form

Tamger

Tensile {.6% Ext. tion
Strength | under Load)| {.2% Offset}} in 2 in.

Shear
Strength

Fatigus

Rockwell : i
Strangth L

Hardness

ksi

ksi

ksi

% F|BI30T

Mitlion
ksi i | Cycin

BAR J| 3.0in As Extruded.,...... 75.0 35.0 N 35 - 80 - cee g
1.0 in Half Hard (15%).....] 90.0 45.0 30 —- 85 - NN
2.0in Half Hard (15%). . ... 85.0 40.0 ches 30 - B - —

ROD j 4.0in As Extruded ....... 75.0 350 e 33 - 80 -1 35.0 250 oo -+

Sin Half Hard (15%).....] 98.0 51.0 v 22 - 89 - 520 31.0 100
i.0in Half Hard (15%).....}§ 95.0 50.0 e 25 - B8 -~/ 50.0 300 100
20in Half Hard (15%)..... 92.0 48.0 cas 28 - B7 -~ 480 300 100
30in Half Hard (15%)..... 87.0 435.0 cees 35 —- B -~ 46.0 2%.0 100

)3

l

The values listad above reprasent r appro

164

ximati suitakle for general anginearing use. Dus to commaerclal variations in composition and
16 maaufocturing limitatioss, they should nat be vsad for ipecification purposes. Ses opplicable AS.T.M, spacificatidn referances,
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COPPER ALLOY No. 624

)
Composition — percent
Nearest Applicable A S T M Specifications
Nominal | Minimum | Maximum =
Copper 86
Iron 3 2.0 4.5
Tin e e .20
Aluminum 11 10.0 11.5
Manganese .. AN .30
Silicon 25
Copper + Elements
with Specific Limits e, 99.5
hysical Properties
Phy P English Units C. G. S. Units
Melting Point (Liquidus) 1900 F 1040 C
Melting Point (Solidus) 1880 F 1025 C
Density 269 b feu in @68 F 745 gm jcucm @20C.
Specific Gravity 7.45 7.45
Coefficient of Thermal Expansion per°F from 68 F to 212 F per®C from20C to 100 C
Coefficient of Thermal Expansion per°F from 68 F to 392 F per°C from20C to 200 C
Coef{ficient of Thermal Expansion .0000090 per °F from 68 F to 572 F 0000192 per°C from20C to300C
Thermal Conductivity 34 Btu fsq ft /ft fhr /°F @ 68 F .14 cal fsq cm fcm fsec °C@20C
Electrical Resistivity (Annealed) 86.4 Ohms (circ mil /it )@ 68 F 14.4 Microhm-cm @20 C
Electrical Conductivity* {Annealed) 12 %IACS@68 F 070 Megmho-cm @20C
Thermal Capacity (Specific Heat) 09 Btu/lb°F @68 F 09 cal fpm j°C @20 C
Modulus of Elasticity {Tension) 17,000,000 psi 12,000 Kg/snp mm
Modulus of Rigidity 6,400,000 psi 4,500 Kg /sq mm
*Volume Basis
Typical Uses
Bushings, gears, cams, wear plates, nuts, drift pins, tie rods
Common Fabrication Processes
Hot forging, hot bending
Fabrication Properties
Capacity for Being Cold Worked ................... Poor Suitability for being joined by:
Capucity for Being Hot Formed ................ Excellent Soldering.......oivivinnnn Not Recommended
Hot Forgeability Rat‘ng (Forging Brass = 100) .......... 80 Brazing ... .t vo... Fair
Hot Working Temperature ... ... 1400-1625F or 750-885 C Oxyacetylene Welding. ..-..... Not Recommended
Annealing Temperature .. ..... 1100-1200F or 600-6530 C Gus Shielded Arc Welding - -+ v oo e vvvenenen Good
Machinebility Ratiny (Free Cutiing Brass=100) ......... 50 Coated Metal Arc Welding « ... vvvenen.nn . Gooid
SPOt cvverinivinananras Good
Resistance Welding SEAM c v v v e iiniieaann Good
Butt ....... e Good

The values listed abaove represent reasanchle approximotions witahle for general engineering use, Dur 18 commerciol voriations in compasition and
ta manulzcivring Hmiratians, they should not be used for specificotion purposes. See cpplitcble A.5.T.M. specification references.

{Continued an ather aide) 165




COPPER ALLOY No. 624 (Continued)

Forms and Tempei's Annsated Tempers Rotlled or Drawn Tempers Hot «
Most Commonly Used Finished Y
] = Tampers SR
: ¥ g
f Nominal Grain Size mm [ 13
? £ 2
T E O §
- 5 g o g
7 8[® 3 £ £ 5 £ 5| E(E
= £ 2
22228 F ;20 OfRleoRe
< B £ E £ ] © B o 5 a - é & A
& 'g g - =3 T % = E I T = w 3
M—:—ir_e : ‘}
i _— ]
S[rip,Rolled h el A et it an et P Faseecaanaas basesanensncehanarralracaran
StriplDrawn T N T N T T T e T FY PR
Flat wire’ Rolled d ---c:+vsevnuans T T TP
FLAT Flat Wire, Drawn B -« .o e e
PRODUCTS Bar, Extruded f ------ - o-v-n. TS Che e [ I TN oo @i
Bar, Drawn §f ....-.. - S R
Sheet R e T O
Plate ................................. PN dimrnrsnressarilisnnnediiaeian
RODYE ... it inainndiinnnes | v B
WIREE .......v.n D NI U
TUBE R R R Las e Cdeaa ettty P e
PIPEY .--. ... ot bes e cerabsenaae e O e
SHAPES R -«vvvvren- R VRPN R A )
1. DRAWN — GENERAL PURPOSE temper is used 2. HARD DRAWN temper is used 3. LIGHT DRAWN - BENDING temper is
for peneral purpose tube only, usuaily where there only where there is need for a tube used only where a tube of some stiffness, but
is no renl requirement for high strength or hardness on as hatd or as strong a3 is commer- yet capable of readily being bent (or other-
the one hand or for bending qualities on the other, cially feasible for the size in question, wise moderately cold worked) is needed.
Mechanical Properties Yield Strangth Elanga-
Tensile | (5% Ext. tion Rockwell | Shesr Fatigue
r Size Strength | under Load)| (.2% Offset}| in2in. | Hardness | Strength Strength
Form Saction Tamper -
Million
in. kst ksi ksi % £lB 3T ksi kst Cycles
BAR 1.0in, Light Anneal .......| 100.0 50.0 e 14 |- 92 -V ...,
2.0 in. Light Anneal ....... 93.0 45.0 14 |- 91 -1 ...
3.0in. |AsExtruded ....... .90.0 40.0 cean 18 - 87 —~| .... e P
ROD I.0in. Half Hard {10%). .. .. 105.0 52.0 . 14 |- 92 - 65 36.0 100
2.0in. Half Hard (10%)..... 5.0 48.0 e 14 [~ 92 - 62 5.0 100
3.01in. Half Hard (10%). .. .. 95.0 47.0 e 14 §j- 91 - 60 340 100
4.0 in. As Extruded ....... 90.0 40.0 e 18 |- 87 - 58 32.0 100

The valuas listed above reprasent reoronable approximations sultable for general anginesring use. Dus to commarcksl variations in compesition and
166 16 manufacturing Iimitations, they should not be used for specification purpores. 5es applicable A.5,T.M. specificaticn refarences.
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COPPER ALLOY No. 625

Composition — percent _ .
Nearest Applicable A 8 T M Specifications

Nominal | Minimum | Maximum =
Copper 82.7 .
iron 4.3 3.5 50
Aluminum 13 12.5 13.5
Manganese e e 2.0
Copper + Elements
with Specific Limits cens 99.5
Physical Properties
Y P English Units C. G. 5. Units
Meiting Point (Liguidus) 1925 F 1052 C
Melting Point (Solidus} 1917 F 1047 C
Density .260 lb/fcu in @68 F 7.21 gm fcucm @20 C.
Specific Gravity 71.21 7.21 : -
Coefficient of Thermal Expansion per"F from68 F to 212 F per°C from20C to 100 C -
Coefficient of Thermal Expansion per®F from 6B F to 392 F per°C from 20 C to 200 C
Coefflicient of Thermal Expansion 0000090 per®F from68 F ta 572 F 0000162 pereC from20C te 300C
Thermal Conductivity 27 Btu fsg {t /Tt /ir /°F @68 F .11 cal fsq em jfem fsec FC@20C
Electrical Resistivity (Annealed) 104 Ohms (cire mil /it Y@ 6B F 17.2 Microhm-cm @20C
Electrical Conductivity* (Annealed) 10 %IACS @68 F 058 Megmho-cm @20C
Thermal Capacity (Specific Heat) .09 Btu/lb°F @68 F 0% cal fgm /7C @20C-
Maodulus of Elasticity {(Tension} 16,000,000 psi 11,200 Kg /sq mm .
Modulus of Rigidity psi Kg fsq mm .
* YVolume Basis .
Typical Uses
Guide bushings, wear strips, cams, dies, forming rolls
Common Fabrication Processes
Hot forging, machining
Fabrication Properties
Capacity for Being Cold Worked ........ Not Recommended Suitability for being joined by:
Capacity for Bemng Hot Formed ................ Excellent Soldering. . e oo raee i Not Recomniended
Hot Forgeability Rating (Forging Brass=100) .......... BO BRIZINE «vviiveein i iire e e i Fair
Hot Warking Tamperature. . . .. 1375-1550 F or 745-850 ¢ Oxyacetylene Welding -« - - - - Not Recommended
Anne§ling Temperature ., , ... 1100-1200 F or 600-650 C Gas Shielded Arc Welding -« oo v veveenen Good
Machinability Rating (Free Cutting Brass=100) ........ 20 Coated Metal Arc Welding. . . . - heiheaaaaes Good
Spot -+ aus et e KFm:.r
Resistance Welding Seam--+..veonen i Fair
Butt «+--ovvevennn . Fair

The values listed abave represent reosonable approaimaticns suitable For general engineering tse. Due 10 commersial variations In compoiities aad ™
1o manufactueing limitations, they should not be used for specificotion purposes, See opplicable A.5.F.M. specitication references.

(Cantinued on other side) - - ) 167




COPPER ALLOY No. 625 (continued)

Forms.and Tempers Annsated Tempers Rolied or Drawn Tempers Hot
Most Commonly Used Finished
- Tempers
3 o)
Nominal Grain Siza mm E. E
- g E
T, 8
- % § § g 1]g ¥
== 2 c | &
§ 2[ 2 5 . % T B2 & 5 :ls B|E
c gt & T a 8 é p B Bl S| e
3 < £ @ T e e A O]« E K}
| segeeelsi|E 5§ Bz & F § E|E M
; -—ngqqrsfiaafﬁim&mnfﬁ“éa;f
I
Strip, Rolled f - o+ vrvererrierinin e, e e T
Strip, Drawn J -« o v re v s et eteaaaaa. S A
FlatWire,RDlled ....... b adt e ranaanaassan [as e v et en e tar st taraavnaaeraners lewnsandineains
FLAT Flat Wj_re, Drawn B « v+ v v e vt rnnenas B R T T e [N I P
PRODUCTS Bar, Extruded § -+ +-+cvevnnnnann. O N Ch e eseanas T PO
Bar’Drawn ............ TR trtat et et a st ar et nnervarnes Foonnradece v
Sheet fl -+ vrrrsnrerniianseslarentsnnanans v e Per e e ORI PEPESES P
Plate f - -+ -+ v rveravieaen R R R LR e I S srt desaaeedaei .o
' RODE -vvvvurne N 1 Cearaeas P PR
WIREE ... -eevnn.n e P
TUBE R ------- et S e e R
PIPER - - vnvn. e eeaeaaaa e r e e P P .
SHAPESE .................................. et et A !
1. DRAWN — GENERAL PURPOSE temper is used 2. HARD DRAWN temper is used 3. LIGHT DRAWN - BENDING temper is
for general purpose tube only, usually where there only where there is need for a tube used only where a tube of some stiffness, but
i5 no real requirement for high strength or hardness on as hard or as strong as is commer- yet capable of readily being bent {or other-
the one hand or for bending qualities on the other. cially feasible for the size in question. wise moderately cold worked) is necded.
Mechanical Properties Yiald Strength Elonga-
Tensila | {.6% Ext. tion Rockwell | Shear Fatigua
Siza Strength | under Load)| {.2% Ofsst}| in 2in. | Hardness [ Strangth Strangth
[ Form Section Tempear Mi
‘ iilion
P in. : "kl lesi kai % | glg|sor| ki kesi I Cyctes
ROD & BAR g All AsExtruded ....... 100.0 55.0 e 1 - 29 - ) 600 67.0 100
Tha values {isted above represant racsonable approximoticns sultable for lgtnorul snginearing vse. Dus 18 fal variah in composiilon and
168 ta manulacturing limitations, they sthould nay ba usad for apecificotion purpasss. See cpplicabie A.5.T.M. specification refarsnces.
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COPPER ALLOY No. 630

% Composition — percent
Nearest Applicable AS T M Specifications

Nominal | Minimum | Maximum
Copper 82 o o Flat Products B124, B150
Iron 3 2.0 4.0 Pipe "
Tin] .... 20 Rod Bi24,BIs0 |AMI Hb4a
Zine d ... ] ... 30 RA-c-ei6y
, Shapes BI15Q
Aluminum 10 9.0 11.0
Manganese | .... R 1.3 Tube
Silicon e [ 25 Wire
Nickel 5 4.0 5.5
Copper + Elements
with Specific L.1m1ts e 9.5 C. . ey A5 kot m&‘w/

{o n,;! M — { Cﬁn_n;/ K3e  AS ll_c;'f' EKT‘T% DE'

Physical Properties

English Units C. G. S. Units
Melting Point {(Liguidus) 1930 F 1054 C
¢ Melting Point (Solidus) 1895 F 1035 C
Density 274 o fen in @68 F 7.58 gm jeu-cm @20C.
Specific Gravity 7.58 7.58 .
Coefficient of Thermal Expansion per°F from 68 F to 212 F per*C from20C to 100 C
Coefficient of Thermal Expansion per°F from 68 F to 392 F per°C from20C to200C
Coefficient of Thermal Expansion 0000090 per°F from 68 F to 572 F 0000162 per®C from 20 C to 300 C
Thermal Conductivity 22.6 Btufsq ft /ft /hr [°F @ 68 F .09 cal /sq cm fem fsec PC@20C
Electrical Resistivity {Annealed) 116 Ohms (cire mil /it )@ 68 F 19.2 Microhm-cm @20C
Electrical Conductivity* (Annealed) 7 %IACS®@ 68 F 041 Megmho-cm @ 20C
Thermal Capacity {Specific Heat) 0% Biu/lb°F @68 F 09 cal fem f°C @20C
- Modulus of Elasticity (Tension) 17,500,000 psi 12,250 Kg/sq mm
Modulus of Rigidity 6,400,000 psi ) 4,500 Kg/sq mm ~

*Volume Basis
N

Typical Uses

Nuts, bolts, valve seats, plunger tips, marine shafts,
valve guides, aircraft parts, pump shafts, structural
members

Common Fabrication Processes
-t

Hot forming and forging

Fabrication Properties

Capacity for Being Cold Worked- .. ... . ovvvinnin Poor Suitability for being joined by: ’
Capacity for Being Hot Formed . ...........covlin, Good Soldering. . ....covviiennnna. Not Recommended
Hot Forgeability Rating (Forging Brass = 100) -+ -«vvves 75 BraziNg ......eeoeevennnnns e Fair
Hot Working Temperature, , ,, ., 1450-1700F or 800925 C Oxyacetylene Welding ..... - Not Recommended
Annealing Temperature , ,, ., .., 1100-1300F or 600-700 C g Gas Shielded Arc Welding . ...... PN Good
Machinability Rating (Free Cutting Brass=100) ........ 30 Coated Metal Arc Welding. . .. ... .. oot Good
Spot .o Good
Resistance Welding Seam voivviien i Good
Butt ..... v naeersenana Good

The volues listed ohove represenl recsonoble opproximoticns wsitghle for general engineering use. Dur 10 commercial varlotions in :ampunlmn :md
. - 1o menufacturing limitotions, they should not be used for specification purposes, See applleable A.5.T.M. specification references.

(Continued on other side) . 169




COPPER ALLOY No. 630 (continueq)

Forms and Tempers Annoaled Tempers

Most Commonily Used

100
070
050
035

025
5

LNomlnal Grain Size mm

Rolled or Drawn Tampars - Hot g \
Finishe s
o Tempars
3 &
g g
B @ K]
I3 .E’ ‘5
= —~
_ = - B E < ,l: T E.
T 2| B & k B £ a6 § 135 3|E
E ¢ 2 *+ a 8 3, ] g Ele EF[F
Ed < = @ ﬂ g o (= Q - ’E E
« E{E § = B 1 E = g P ?E £ d
528 cFc i 5 E 5 S|a 1|k

Strip, Rolled | - - v v v i e e e e et e s
Strip' Drowit B « o vctirrrsasnernnesen e et e e et e e R R -
Flat Wire, Rolled f - -« ~-ccvenn il it st it ik eeo b
FLAT Flat Wire, Drawn Jl -« - oo vereri b i i et s s inarnairaereeashosenclonae f
PRODUCTS Bar, Extruded § ---.---- e N T T T R L. ..@- 0
Bm" Drawn | -+ criveiiiiiniiiniandianiiea [ T T T T I T TS P S .
Sheet f «-«+-+ beararranrrarrraliaans I I L L .o e v
Plate § -+ - rranaaes P T N T T T
RODYH .- ive i R B ettt L ... @
WIREY .- - v e ierranes e A R A
TUBEY - ---- P e
sHAPEsI ......... D U Ceieeas O A S
. :
1. DRAWN — GENERAL PURPOSE temper is used 2. HARD DRAWN temper is used 3. LIGHT DRAWN ~ BENDING temper i
for genera] purpose tube only, usually where there only where there is need for a tube used only where a tube of some stiffness, bu
is no real requirement for high strength or hardness on a5 hard or as strong as is commer- yet capable of readily being bent (or other
the one hand or for bending qualities on the other. cintly feasible for the size in question, wise moderately cold worked) is needed.
Mechanical Properties Yiald Strangth Elonga-
Tensila | (5% Ext, tion | Rockwel | Shear Fatigue
Size Strength { under Load)} {.2% Offset)| M 2in. | Hardness |[Strength Strangth
Form Saction Temper . '
Millien
in. ksi ksi ksi % ki - ksi Cycles
BAR 1.0in, Half Hard (10%)} ....| 110.0 62.0 15 = 97 =1 ....
2.0in. Half Hard (10%) ....{ 100.0 60.0 PR Is§ |- 96 -
3.0in. JAsExtruded..... i 90.0¢ 50.0 R 15 |- %6 -
ROD 1.0 in. Half Hard (10%) ....| 118.0 750 B 15 (- 98 - 700 38.0 100
2.0in. Half Hard (10%) ....| 115.0 65.0 e 18 |- %6 - 69.0 37.0 100
3.0 in, Half Hard (10%) -...} 1120 62.0 R 20 |- %6 - 65.0 37.0 100
4.0 in. As Extruded ....... 106.0 60.0 e 15 - 96 - 62.0 36.0 100
T Y
/f e

The values listad above repressnt reasonable approximations suitable far general angineering use. Dua to commarcial vurluli?m {n composhlon and
170 to manufacturing limitations, they should not be used for spacification purpases, Ses applicable A.5.7.M, specificaticn raferences,
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COPPER ALLOY No. 632

]

Composition — percent
Nearest Applicable A5 T M Specifications

Nominal | Minimum | Maximum

Copper 82

Lead .02
Iron* 4 30 5.0
Aluminum 9 8.5 9.5
Manganese Cees cee 35

Silicon 10
Nickel* 5 4.0 5.5

Copper + Elements
with Specific Limits NN 99.5 ceas *Iron content shall not exceed
nickel content

Physical Properties

English Units C. G. 5. Units
Melting Point (Liguidus) 1940 F 1060 C
Melting Point (Solidus) 1905 F 1040 C
Density 276 Ib feu in @6 F 7.64 gm fcucm @20 C.
Specific Gravity 7.64 7.64
Coefficient of Thermal Expansion per*F from68 F to 212 F per*C from20C to 100 C
Coefficient of Thermal Expansion per®*F from &8 F to 392 F per°C from20C o 200C
Coefficient of Thermal Expansion 0000090 per°F from68 F to 572 F 0000162 per°C from20C to 300 C
Thermal Conductivity 20 Btu fsq ft /ft fhr /°F @ 68 F J086 cal fsq cm fcm [sec [°PC @20 C
Electrical Resistivity (Annealed) 148 Ohms (circ mil /it Y@ 68 F 24 6 Microhm-cm @ 20C
Electrical Conductivity* (Annealed} T %IACS@ 68 F .041 Megmho-cm @20 C
" Thermal Capacity (Specific Heat) 105 Biu/lb°F @6BF 105 cal fpm f~C @20 C
Modulus of Elasticity (Tension) 17,000,000 psi 12,000 Kg /sq mm
Modulus of Rigidity 6,400,000 psi 4,500 Kg fsq mm
* Volume Basis Typic&l Uses
MARINE: Nats, bolts, structural pump parts, shafting

INDUSTRIAL: Corrosion resistant articles
Common Fabrication Processes

Hot forming, welding

Fabrication Properties

Capacity for Being Cold Worked .- .. ... ... .00 vunts Fair Sujtability for being joined by:
Capacity for Being Hot Formed ................00n Good SOIErNE. v e et et e e Fair
Hot Forgeability Rating (Forging Brass =100} +......... 70 BIOZINE « v evnetenieeanarerananeenens Fair
Hot WUFkEHg Temperalure ,,,,, 1500-1650 F or 825'900 C Ox}'ﬂCEtyleﬂE WEldmg ......... Not Recommended
Annealing Temperature, . ...... 1150-1300F or 600-700 C Gas Shielded Arc Welding <« .« vvevvnnn.. Excellent
Machinability Rating (Free Cutting Brass= 100)......,.. 30 Coated Metal Arc Welding. « « o »vveverennens Good
SPOt veverenrneiiinanesn Good
Resistance Welding CEAM . vt et er e rntaanennn Fair
BUtl cvvneverreervanneas- Good

The values listed obove represent recsonckle oppraximations suitable for generol engineering vse. Due 10 commerciol variations in campasition and
to monufocturing limitations, they shoutd not be used Far apecification purposes. See opplicoble A.5.T.M. specification references.

(Continued an other side) 17’1




COPPER ALLOY No.632 (Continued)

Forms and Témpers i Annsaled Tempers Rolled or Drawn Tempers Hot -
Most Commonly Used Finithed | . )
o Tempars
g £
Nominal Grain Siza mm g z
h-]
3 & e
T = . o
- « H ..g e ! T E.
-— = o [ =
BE(Efg 5 3 ECOERlEQ
E < § 5 d 5 O |5
< £ a (] -
82%3‘32=§§,§£§‘3§-§§§E§£3%
ceadaaqdgd|fdHs £ EFEE FE S 2 Tle 2(d

Strip, Rolled § <~ +«+» oo e R e Y R

Strip, Drawn § - oo e O I
Flat Wire’ Rolled § revvevevan- et b ee e O S I e
FLAT Flat Wire, Drawn [ ++-++- -~ FPIPI PPN Chiearaae. e B TP
PRODUCTS Bar, Rolled f§ +- -+ v vvermveneeneaniniiiiiis, e T
Bur’ Drawn . .............. sassanrelarenecr s s st st et rraervastnsassannanrdesianeleniians
Sheet ...................... P T R BN R I NI N EEE EEEEEEE T
Plute | IR | O R e R e T T R Y I I
RODB - cvreeviinnnain, I T A T I I
R TN i B R I I R L I R I N R DR I
TUBER --«-+++.+ Pheeaa. J O IO Peaareas e TR IR
PIPE - IR R R I I I I 4 b4 s ey R EEE :- .
SHAPESf -----ervvrneeennns e ee e T T N )
1. DRAWN — GENERAIL PURPOSE temper is used 2. HARD DRAWN temper is used 3. LIGHT DRAWN ~ BENDING temper is
for genernl purpose tube only, usually where there only where there is need for a tube used only where a tube of some stifiness, but
is no renl requirement for high strength or hardness on as hord or as strong as is commer- yet copuble of readily being bent (or other-
the one hand or for bending qualities on the other. cially feasible for the size in question. wise moderately cold worked) is needed.
Mechanical Properties ‘ Yiald Strangth Elonga-
Tensile | (6% Ext. tion Rockwall | Shear Fatigue
Size Strength | under Load)| {.2% Offset)| M 2in. [ Hardness |Strength Strength
Farm Section Teamper .
Million
in, ksi ksi ksi % F| B |30-|- ksi kesi I Cycles
S —— —%_—w A
FLAT
PRODUCTS i
PLATE .250in. } Light Anpeal......{ 100.0 50.0 . 20 - 52 -
500in, | Light Anneal ...... 95.0 47.0 e 22 1- 89 -
1.0in, Light Anneal ...... 90.0 45.0 Caea 25 - B85 -
ROD@ 1.0in. Light Anneal...... 105.0 53.0 22 - 9 -1 ....
2.0in. Light Anneal...... 103.0 52.0 P 24 |- 94 - ..., e e
3.0in. Light Anneal ...... 102.0 51.0 24 |- 93 - .... e )
FORGING | 5.0in. Light Anneal ...... 100.0 45.0 cees 22 |~ 92 -~

2 Tha values listad above represant reasonable approximations suitabla for general anpinesring use, Dua 1o commarcial variations in composition and
17 to faciurtng limitani thay thould nat be usad for specification purpoias, See applicakls A.5.7.2, specification referances.
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COPPER ALLOY No. 638

Composition — percent

Nearest Applicable A S T M Specifications
Nominal { Minimum | Maximum
Copper 95
Lead Ceae e .03
Iron Cee e .05
Zinc 50
Aluminum 28 2.5 3.
Manganese . e .10
Silicon 1.8 1.5 2.1
Nickel .10
Cobalt 40 .25 55
Copper + Elements
with Specific Limits e 9295 © L,...
Physical Properties . .
English Units C. G. 8. Units
Melting Point (Liguidus) 1885 F 1030 C
Melting Point (Solidus) 1830 F 1000 C
Density 299 b fcu in @68 F 8.28 gm fcucm @20 C.
Specific Gravity 8.28 8.28
Coefficient of Thermal Expansion 0000083 per°F from68 F to 212 F 0000150 per®C from20C to 100 C
Coefficient of Thermal Expansion .0000087 per°F from68 F 10 392 F .0000157 per°C from20C to 200C
Coefficient of Thermal! Expansion .0000095 per°F from68 F to 572 F .0000171 per°C from 20 C to 300 C
Thermal Conductivity 23 Btu fsq ft fft Jhr f°F @68 F 097 cal /sq em fem fsec °C @20 C
Electrical Resistivity {Annealed) 104 Ohms (circ mil /it Y@ 68 F 17.3 Microhm-cm @ 20C
Electrical Conductivity* (Annealed} 10 % JACS®@ 68 F 058 Megmho-cm @20 C
Thermal Capacity (Specific Heat) 09 Btu/lb°F @68 F 09 cal fjgm j°C @20 C
Modulus of Elasticity (Tension) 16,700,000 psi 11,700 Kg fsq mm
Modulus of Rigidity psi Kg /sq mm

* Volume Basis

Typical Uses

Springs, switch parts, contacts, relay springs, glass
sealing and porcelain enameling

Common Fabrication Processes

Blanking, drawing, forming and bending, sheering and stamping

Fabrication Properties

Capacity for Being Cold Worked , ... ........... Excellent Suitability for being joined by:
Capacity for Being Hot Formed ... ............ Excellent Soldering. . ... .. Fair
Hot Forgeability Rating (Forging Brass=100) ............ Brazing . . Fair
Hot Working Temperature ,..,......... For........ C Oxyacetylene Welding .., .. ... ... ........ Fair
Annealing Temperature ....... 750-1100 F or 400-600 C Gas Shielded Arc Welding ... .......... Excellent
Machinability Rating (Free Cutting Brass=100) .......... Coated Metal Arc Welding ..., .......... Excellent
Spot ... e, Excellent
Resistance Welding Seam................ Excellent
Butt ..., Excellent

The volues listed obave represenl reasonable approximations suitable for general engineering use. Due to commerciol vorictians in campesition and
to manufacturing limitations, they should not be used for specificalion purposes, Sec applicoble A.5.T.M. specilication references.

(Continued on other side) 173




Forms and Tempers
Most Commonly Used

FLAT
PRODUCTS

Strip, Rolled f -+ -+ -

Strip, Drawn § - - - - .
Flat Wire, Rolled §
Flat Wire, Drawn g
Bar, Rolled E
Bar, Drawn §

COPPER ALLOY No. 638 (continued)

Annealed Tempars

§Nominal Grain Siza mm

100
070
050
035
025
015

.........

----------------

...........

Light Anneal
Quarter Hard

Eighth Hard

Half Hard

Rolled or Drawn Tempers
3 z
:f
] -
P
5 é g |
s n g [ L] 5 g
E] b= -
8 z & ! F &
g ¢ 2 £ £ 8 ¢ &
o =
E 2 & & &6 £ 3

.............................

.............................

Hot
Finishsd
Tampers

As Hot Folied
As Extruded
Special Tempers

.............

.............
.............

1. DRAWN ~ GENERAL PURPOSE temper is used
for general purpose tube only, usually where there
is no real requirement for high strength or hardness on
the one hand or for bending qualities on the other,

............

..............................

*2. HARD DRAWN temper is used
only where there is need for a tube
ss hard or as strong as is commer-
cially feasible for the size in question.

.................................

3. LIGHT DRAWN - BENDING temper is
used only where a tube of some stiffness, but
yet capable of readily being bent (or othes-
wise moderately cold worked) is needed.

Mechanical Propertias Yield Strangth Elonga-
Tenstle | {.5% Ext. tion Rockwall | Shear Fatigue
Size Strangth | under Load}| {.2% Qffset}{ In2in. | Hardness |Strength Strength
Form Saction Tamper s
Million
in. ksi ksi ki % Fl B |3DT ki ki | Cycles
FLAT
PRODUCTS .040Q in. Soft Anneal ........ 82.0 53.0 54.0 36 — 86 73
Quarter Hard .. ... .. 96.0 77.0 23 - 93 78
Half Hard .. ....... .} 106.0 88.0 i3 - 96 79 .
Hard ............. 120.0 101.0 7 —~ 99 82
ExtraHard...,.....} 124.0 107.0 § - 100 82 .
Spring ........... 128.0 e 110.0 4 - 101 82 35.0 100
Extra Spring ....... 130.0 114.0 4 - 101 B3 ‘s
The valuas listed above rep tr bls oppraximatl sultable for ganeral snginesring use. Dus to commarcial voriations In composition and
174 10 facturing Hmi . thay sheuld not be used for spacification purposes, Ses cpplicable A.S.T.M, specifleatidn referentes,
SR N A ey 152 ot




COPPER ALLOY No. 642

Com position — percent

Nearest Applicable AS T M Specifications
Nominal | Minimum | Maximum
Flat Product B124, B150
Copper 91.2 @t Hroducts !
Lead e e 05 Pipe
Iron P e .30
Tin 20 Rod B124. B150
Zinc e e .50 Shapes B124, B150, B283
Aluminum 7.0 6.3 7.6
Arsenic - e 15 Tube
Mangenese e e .10 Wi
Silicon | 18 | 1.5 22 e
Nickel ces BN .25
Copper + Elements
with Specific Limits Cee 99.5

Physical Properties

English Units C. G. 8. Units
Melting Point {Liquidus) 1840 F . 1005 C
Melting Point (Solidus) 1800 F 985 C
Density 278 b /cu in @68 F 7.69 gm fcuem @20 C.
Specific Gravity 7.69 7.69
Coefficient of Thermal Expansion per°F from 68 F to 212 F per*C from20C to 100 C
Coefficient of Thermal Expansion per°F from 68 F to 392 F per®C from20C to200C
Coefficient of Thermal Expansion .0000100 per°F from 68 F to 572 F 0000181 per°C from20C to 300 C
Thermal Conductivity 26 Btu/sq ft /ft /hy /°F @ 68 F 108 cal /sq cm fem fsec f°C @20 C
Electrical Resistivity (Annealed) 113 Ohms (circ mil /ft )@ 68 F 18.6 Microhm-cm @20 C
Electrical Conductivity* (Annealed) 8 HIACES@68F .0464 Megmho-cm @20C
Thermal Capacity (Specific Heat) .09 Btu/lb°F @68 F 09 cal/gm /°C @20 C
Modulus of Elasticity (Tension) 16,000,000 pst 11,200 Kg /sq mm
Modulus of Rigidity 6,000,000 psi 4,200 Kg /sq¢ mm

*Volume Basis

Typical Uses

Valve stems, gears, marine hardware, pole line hard-
ware, bolts, nuts, valve bodies and components

Common Fabrication Processes
Hot forming, forging, machining

Fabrication Properties

Capacity for Being Cold Worked ................... Poor Suitability for being joined by:
Capacity for Being Hot Formed ..... e Excellent Soldering. . . . ...... ... ... Not Recommended
Hot Forpeability Rating (Forging Brass=100) .......... 80 Brazing ... ... e i i e, Fair
Hot Working Temperature .. ... 1300-1600 F or 700-870 C Oxyacetylene Welding ........ Not Recommended
Annealing Temperature ....... 1100-1300F or 6000-700 C Gas Shielded Arc Welding .........c..cuvnnn Fair
Machinability Rating (Free Cutting Brass=100)......... 60 Coated Metal Arc Welding .. ......couvvnnn. Fair
Spot .. e Fair
Resistance Welding L= ) W Fair
Butt ,........ ... .. Fair

* The values listed above represent reasonokle approximations svitoble for generol engineering use, Due 10 commercial variafians in compaoasition ond
1o manufaeturing limitatinns, they should not be used tar specificolion perposes, See opplicoble A.S.T.M.-specilicotion references.

{Continued on other side) 1 75
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COPPER ALLOY No.642 (Continued)

Forms and Tempers
Most Commonly Usad

Annsaled Tempars

Nominsl Grain Slzs mm

Soft Anneal

Light Anneat
Eighth Hard
Quarter Hard

Half Hard

Three Quarter Hard

Hard

Strip, Rolled § «++vereeeneenennanan oo oo,
Strip, Drawn § -« - v rovneeneriniaa.., i
Flat Wire, Rolled f ««+«vv-c.o- RN O I e
FLAT Flat Wire, Drawn Jf <+ -+ D P
PRODUCTS Bar, Extruded f ¢4« rrar e Paa b it a e .
Bar, Drawn fl -« cvv it [ DR Vet eaa s [
Sheet L I T PECRT IR T ‘e
Plate F -+ vv i e R LR R R T T .
RODE.-....... . e b e ..
WIREH -+ v rv e i e
TUBE ff -« et ervininirnrtonneoraranannsnannenas,
PIPER -« vvriiiv v b .
SHAPES @ -+ +-cvvr.- . . P I e
1. DRAWN — GENERAL PURPOSE temper is used 2, HARD DRAWN temper is used

for general purpose tube only, usually where thers
is no real requirement for high strength or hardness on
the one hand or for bending qualities on the other.

only where there is need for a tube
as hard or as strong as is commer-
cially feasible for the size in question.

Mechanical Properties Yiatd Strangth Elonga-
Tensila {.6% Ext. tion
Strangth | under Load}} {,2% Offset}] in 2 in.
Tempar '
ksi hsi ki %
BAR 750 in, |As Extruded ...... 75.0 350 32
ROD 750in. }As Extruded ...... 75.0 35.0 32
500 in. {Light Anneal ..... 92.0 38.0 22
750 in, [Light Anneal .., 90.0 55.0 28
750 in, (Hard (15%) ...... . 102.0 68.0 22
1.500 in. |Hard (10%) ..... .. 93.0 60.0 26
FORGING §2.0in. AsForged ....... , 75.0 38.0 30
Tha valuss llntad above rep: bls approxi 11

176

Ralled or Drawn Tempers

Extra Hard

.......

...................

...................

Hot N
Finished
Tempern

Drawn — Gerneral Purpose (1)
Hard Drawn (2)

Light Drawn — Bending (3)
As Hot Rolled

Spring
As Extruded

.............

.............

..........
........................

............
------

3. LIGHT DRAWN — BENDING temper is
used only where a tube of some stifiness, but
yet capable of readily being bent (or other-
wise moderately cold worked) is needed.

Rockwestl Shear Fatigus
Hardness | Strength Strength
Million

£] B laor] ke Cycles
- 77 =1 ... e Ceen
- 77 =
- 98 -
- 89 - .... e v
- 94 - 590 50.0 100

90 -1 ...
78 -1 ...

sultahbla for ganeral snginesring use. Dus to commarclal varictions in composition and
[T muuu!nﬂurlnﬂ Ilmltallnm, they should not ba used for specification purposes. See applicable A.S5.T.M. ipecificatidn refarancas.




COPPER ALLOY No. 651 (LowsiLicon BRONZE B)

composition — percent

Nearest Applicable A S T M Specifications
Nominal | Minimum | Maximum :
s Flat Products B97, BO§, B432
Copper 98.5 v cees Pipe B315
Lead e e .05
Iren | .... cees .8 Rod | B98 \
Zinc | ... e 1.5 Shapes | B98 I
Manganese Ve . g Tube B315 :
Silicon 1.5 8 2.0 .
Copper + Elements Wire B9, B105
with Specific Limits e 99.5 e 1}
‘\

Physical Properties

English Units C. G. 5. Units
Melting Point {Liquidus) 1940 F 1060 ¢ '
Melting Point (Selidus) 1890 F 1030 C :
Density 316 lbfcu in @68 F 8.75 gm feucm @20 C. !
Specific Gravity 8.75 8.75
Coeificient of Thermal Expansion per°F from 68 F to 212 F per®C from20C to 100 C
Coefficient of Thermal Expansion per°F from 68 F to 392 F per®C from20C to 200 C
Coefficient of Thermal Expansion 0000092 per°F from68 F to 572 F .0000179 per°C from20C to300C
Thermal Conductivity 33 Btu fsg ft /ft fhr [°F @68 F .14 cal fsq cm jcm fsec FC@20C
Electrical Resistivity (Annealed} 86.4 Ohms (circ mil /ft )@ 68 F 14.4 Microhm-cm @ 20C
Electrical Conductivity* (Annealed) 12 % IACS@68 F 06956 Megmho-cm @20 C
Thermal Capacity (Specific Heat) .09 Btu/lb°F @68 F 09 caljgm /°C @20C
Modulus of Elasticity (Tension) Ii?.OO0,000 psi 12,000 Kg /sg mm
Modulus of Rigidity 6,400,000 psi 4,500 Kg fsq mm

* Volume Basis

Typical Uses

AIRCRAFT: hydraulic pressure lines
HARDWARE: anchor screws, bolts, cable clamps, cap screws, machine screws,
marine hardware, nuts, pole line hardware, rivets, U-bolts
INDUSTRIAL: electrical conduits, heat exchanger tubes, welding rod

Common Fabrication Processes

Forming and bending, heading and upsetting, hot forging and
pressing, roll thresding and knurling, squeezing and swaging

Fabrication Proparties

Capacity for Being Cold Worked ................ Excellent Suitability for being joined by:
Capacity for Being Hot Formed ............... Excellent Soldering, . ..ovi v i i i i e e Excellent
Hot Forgeahility Rating (Forging Brass=100) ............ BraZifE «vvvvvrmnvrevnienrnninnnnns Excelient
Hot Working Temperature.. . ... 1300-16C0F or 700-875 C Oxyacetylene Welding ...........ouann.. Good
Annealing Temperature . ... ..., 900-1250F or 475-675 C Gas Shielded Arc Welding  ........... Excellent
Machinebility Rating (Free Cutting Brass=100),.,...... 30 Coated Metal Arc Welding ............... Fair
Spot .. ...t Excellent
Resistance Welding Seam ....o.iiiiiiiaans Good
Butt ........ ..... Excellent

The volues listed abeye represent reascrakle npproximotians suilchle far general engineering vse. Dus to commerziol varlationt in composition end
to manvfocturing limilations, they should not be used For specificotion putpases, See applizable A5, T.M. spacification references,
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Forms and Tempers

COPPER ALLOY No. 651 {Continued)

Annealed Tampars Rolled or Drawn Tempers Hot \(
Most Commonly Used Finished S
o Tempers
¥ 8
Nominal Grain Siza mm § 2
B & 2
5 i _ @&
- - -:.-. E 8 1]y i
30T % 5 T Ea § $i3 B|E
£l 2 T E & 8 § ) & Bz E|E
o - - -
g e g yuwuw g E % T f g s F- % v £|® &3
- " 5 o
Fﬁqqqqqaﬁméiﬁ:?m&ﬁniaéi’g
Strip,Rolled § -... ... vt i . . . Y A Y
Strip, Drawn f - .- - e e e e, I
Flat Wire, Rolled R ................. D P O
FLAT Flat Wire, Drawn B . ... o oo st i s e el
PRODUCTS Bar,Rofled d ... vviviininan. T I
Bar,Drawn f ... oo e
Sheet ® - oo e e i e e e e e
o T - P et e AP A RN
RODE .-...... [ R T IR T N
WIRER .- - il F I B IREE I TR R R M ey R
TUBEH ... v e, [ P T A N -,
PIPE B o e )
SHAPES & .-..--.... T T e Y P '
I. PRAWN — GENERAL PURPQSE temper is used 2. HARD DRAWN temper is used 3. LIGHT DRAWN - BENDING temper is
for general purpose tube only, usually where there only where there is need for a tube used only where a tube of sume stiffness, but
is no reu] requirement for high strength or hardness on as hard or as strong as is commer- yet capoble of readily being bent (or other-
the one hand or for bending qualities on the other. cially feasible for the size in question. wise moderately cold worked) is needed.
Mechanical Properties Yiald Strength Elonga-
Tonsile | (5% Ext. tion Rockwet] | Shear Fatigue
Size Strangth | under Load}} {.2% Offsetl| i 21n. | Hardness }Strength Strength
Form Section Tempar .
) Million
in. ksi ksi ki % F l B |30T kii ksi Cycles
— _ L
ROD §l.0in. 835mm ..., 40.0 15.0 50 55 - - Cee
. Hard (36%) ....... 70.0 55.0 15 ~ 80 -~ 450
Extra Hard (50%). .. 50.0 67.0 i 12 - 9 - 50.0 .
WIRE 080 in. (Eighth Hard....... 55.0 40.0 40 - - 36.0
Quarter Hard .. .... 65.0 50.0 25 - - -1 400
Half Hard,........ 80.0 63.0 I 15 - - - 45.0 e ce
Hard ............ 100.0 70.0 e 11 - - - 50.0 25.0 100
ExtraHard . ....... 105.0 71.0 i0 - - - 53.0 280 100 . \}
440 in, {Quarter Hard (21%) . 63.0 30 - - - .
Half Hard (37%) ... 80.0 SN cee 20 - - -
Hard (60%) ....... 95.0 12 - - -
TUBE fl.0in. OD [015mm ......... 45,0 20.0 55 68 - -
X .065in.jHard Drawn (35%). . 65.0 40.0 20 - 75 &7
The volues listed obove reapresant r ble approximaoti ltable for ganaral snginearing use, Due 10 commarcial varieticns in compositien and
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to manufocturing limitations, they should not be used For specification purposes. Sea applicoble A.5.T.M, spacificaticn raferences.




COPPER ALLOY No.655 (HiGH SILICON BRONZE A)

" ymposition — percent

Mearest Applicable A 5 T M Specifications
Nominal | Minimum | Maximum =
D Flat Products B96, B97, B9E, B100, B124,
Copper 97
Lead | ...} ... 05 B432
iron 8 Pipe B3135
Zinc 1.5 Rod B98§, B124
Manganese cee e 1.5
Silicon 3 28 38% Shapes B985, B124, B283
Nickel e e b Tube B315
Copper + Elements Wire B9S
with Specific Limits v 9%.5
* In the case of wire, maximum silicon content is 3.6
ical Properties
PhYSI P English Units C. G, 8. Units
Melting Point (Liquidus) 1880 F 1025 C
Melting Point (Solidus) 1780 F 970 C
Density 308 1b jocu in @GR F 853 gmfcuem @20C.
Specific Gravity 8.53 8.53
Coefficient of Thermal Expansion per°F from 68 F to 212 F per°C from20C to 100 C
Coefficient of Thermal Expansion per®F from68F to 392 F per®C from 20 C to 200 C
Coefficient of Thermal Expansion 0000100 per°F from 68 F to 372 F .0000180 per°C froam 20 C to 300 C
Thermal Conductivity 21 Btu fsg ft /it fhr [°F @ 68 F .09 cal fsq cm fem fsec PC@20C
Electrical Resistivity {Annealed} 148 Ohms (circ mil /ft )@ 68 F 24.6 Microhm-cm @ 20 C
Electrical Conductivity* {Annealed) 7.0 B IACS@68 F .0406 Megmho-cm @ 20 C
Thermal Capacity (Specific Heat) .09 Btu /lb°F @ 68 F 09 caljem °C @20 C
Modulus of Elasticity {Tension) 15,000,000 psi 10,500 Kg /sq mm
Modulus of Rigidity 5,600,000 psi 3,900 Kg/sq mm
* Vol Basi .
otume Basis Typical Uses
AIRCRAFT: Thydraulic pressure lines
HARDWARE: bolts, burrs, butts, clamps, cotter pins, hinges, marine
hardware, nails, nuts, pole line hardware, screws
INDUSTRIAL: bearing plates, bushings, cable, channels, chemical
equipment, heat exchanger tubes, kettles, piston rings,
tanks, rivets, screen cloth and wire, screen plates, shafting
MARINE: propeller shafts
Common Fabrication Processes
Blanking, drawing, forming and bending, heading
and upsetting, hot forging and pressing, roll thread-
ing and knurling, shearing, squeezing and swaging
Fabrication Properties
Capacity for Being Cold Worked ............... Excellent Suitability for being joined by:
Capacity for Being Hot Formed  ............... Excellent Soldering . .vvvv e inn et e e, Good
Hot Forgeability Rating (Forging Brass=100) .......... 40 Brazing .......c.viiiiiiiinannnn. Excellent
Hot quking Temperature. .. .. 1300-1600 F or 700-875 C Oxyacetylene Welding .. ................. Good
Anne-tzlmg' '}'empernlure ........ 900-1300 F or 475-700 C Gas Shielded Arc Welding ............. Excellent
Mauchinability Rating (Free Cutting Brass = 100) ,....... 30 Coated Metal ArcWelding ................. Fair
Spot . ..., , Excellent
Resistance Welding Seam .............. Excellent
Butt ................ Excellent

- e -.The volues listed abave represent reasnnoble npproximoiions suitable for general engineering uze. Due 10 commerdial variations in composition and
1e manufacturing limitations, they should not be used bor specificatian purposes. See applicohle A.5.T.M. ipecification references.
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COPPER ALLOY No. 655 (Continued)

Forms and Tempers Annesled Tempers Rolled or Drawn Tempers Hot \/‘
Most Commoniy Used Finished
- Tempers
g @
Nominal Grain Size mm g- ?
T € B
3 u 5 e = 113 g
‘B k] = o e -
B I TS B A I
<l = 5 & 9 2 4 ¢ 8 06| Efg
sgpsgele |2 53 By fEfoeogif g
=g 889348 F S FF 2 X &K S5 Tz 2|é

Strip, Rolled § .. #...-@-...@......] ..., R Y P B O e e
Strip, Drawn f «.-. ... e D Y
Flat Wire, Rolled § .......... B B B e R O S
FLAT Flat Wire, Drawn f - oo onietnian i i i e e i e i i st s P A
PRODUCTS Bar,Rolled B ............. ... .... D T Y
Bar,Drawn ff ................ ... PP N [ ......
Sheet f ............. R e PO
Plate J .. oo e e " VIPIFIN S
ROD§ ..... P ... 7 U S S
WIRER ........ @@ WY IF TR T P S R
TUBEH ..... N [V S R e
PIPER ... i R S cee \
13 0. T T P Sl A
1. DRAWN — GENERAL PURPOSE temper is used 2. HARD DRAWN temper is used 3. LIGHT DRAWN - BENDING temper is
for general purpose tube only, usuplly where there only where there is need for a tube used only where a tube of some stiffness, but
is no tenl requirement for high strength or hordness on as hard or as strong as is commer- yet copuble of readily being bent (or other-
the one hand or for bending qualities on the other. clally feasible for the size in question. wise moderately cold worked) is needed.
Mechanical Properties Yield Strangth Eionga- :
Tansile {.5% Ext. tion Rockwall Shagr Fatigua
l Size Strangth | under Load}| (.2% Offset)| D 2in. | Hardness |Strength Sirsngth
Farm Section Tempsr Mi
illion
in, ksi ksi hsi % ksi kesi Cyclas
FLAT D40 in, {070mm .......... 56.0 21.0 e 63 |76 40 -| 420 e v
PRODUCTS O035mm .......... 60.0 25.0 e 60 |85 62 -~} 430 e e
Cl5mm .......... 63.0 30.0 veen 55 |90 66 —| 45.0
lQuarter Hard ... ... . 68.0 35.0 e 30 |- 75 67 47.0 R
Half Hard . ... ... e 78.0 45.0 Ve 17 ~ B7 75] 500 .
Hard ............. 94.0 58.0 e 8 - 93 78] 570
ExtraHard......... 104.0 60.0 e 6 - 0& 80! 600
Spring  .......... .1 1100 62.0 e 4 - 97 Bl| 63.0
ROD fl.0in. B50mm .......... 58.0 22.0 Cas 60 - 60 -] 430 RPN veen )
F‘Ialf.Hurd (20%) ... 78.0 45.0 e 35 - B85 -] 520 e e
Hard (36%6) ........ 32.0 55.0 e 22 - 90 -—| 580
Extra Hard (50%).... | 1080 | 60.0 - 13 |- 95 - 620
WIRE .080in, l035mm .......... 60.0 25.0 i 60 - = =1 430
[Eighth Hard ....... 70.0 40.0 cen 35 - - —| 480
Quarter Hard ... . ... 80.0 48.0 cias 20 |- - -] 52.0
Half Hard ........ 98.0 57.0 e 8 - - -\ 580 e v
Hard . ............ 125.0 | 65.0 . 5 |- - -] 6501 290 100
Spring (8Q) ........ 145.0 70.0 . 3 - - =1 700 30.0 100
TUBE l.0in.OD{0S0mm .......... 57.0 e PN 70 - 45 -
X .065 in.[Hard Drawn (35%)...| 93.0 e ceaa 22 |-~ 92 718
4
i
The valvss listed above reprassnt reasonabla cppresimations suitable for genaral anginesring use. Dus 1o cor ial varjavions in itlon and 3
180 to manufacturing limitatians, thay shovid nat be used for specification purpases. Sea applicoble A.5.T.M. spacificaricn refecencas, 'i
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COPPER ALLOY No. 867 (MANGANESE BRASS)

Composition — percent

Nearest Applicable A S T M Specifications
Nominal | Minimum | Maximum
Flat Products B291
Copper 70 68.5 71.5 Pipe
Lead .07
Iron e . A0 Rod
Zinc 28.8 Remainder Shapes
Manganese 1.2 8 1.5 Tube
Totzl Other Elements .50
Wire
Physical Properties
English Units C. G. 5. Units
! Melting Point {(Liguidus) 2000 F 1100 C
Melting Point (Solidus) 1920 F 1030 C
Density 308 Ibfcu in @68 F 8.53 gm /eucm @ 20 C.
Specific Gravity 8.53 8.53
Coefficient of Thermul Expansion per°F from68F to212F per°C from20C to 100 C
7 Coefficient of Thermal Expansion per®F from 68 F to 392 F per °C from 20 C to 200 C
- Coefficient of Thermal Expansion 0000111 per*F from 68 F toa 572 F 0000200 per®C from20C {0 300 C
Thermal Conduciivity 56 Btu fsq ft /ft /hr [*F @ 68 F .23 cal [sq em fem [fsec [PC@20C
Electrical Resistivity (Annealed) 61 Ohms (circ mil /Tt )@ 68 F 10.1 Microhm-cm @20 C
Electrica! Conductivity* (Annzaled) 17 ZIACS @68 F 099 Mepmho-cm @20C
Thermal Capacity (Specific Heat) 09 Btu/lb*F @68 F .09 cal/fgm [°C @20C
Modulus of Elasticity {Tension) 16,000,000 psi 11,200 Kg/sq mm
Modulus of Rigidity psi Kg fsq mm

* Voluine Basis

Typical Uses

Resistance weldable brass products

Common Fabrication Processes

Blanking, bending, forming, stamping, resistance
welded components by spot, seam and butt welding

Fahbrication Properties

Capacity for Being Cold Worked ............... Excellent Suitability for being joined by:
Capacity for Being Hot Formed ............. Good to Fair Soldering- .+« v cvenunn .
Hot Forpeability Rating (Forging Brass=100} -+« -+ v o-- Brazing ............ .

Hot Working Temperature. . ... 1340-1560 F or 725-850 ¢
Annealing Temperature....... 930-1300 F or 500-700 C
Machinability Rating (Free Cutting Brass=100)......... 30

The volues listed abave repretent reosenable opproximaticns suitable for general engineering use. Due 1o commercial variotions In compoesition and

Oxyacetylene Welding ... .
Gas Shielded Arc Welding .. ..
Coated Metal Arc Welding .

Spot
Seam
Butt .

Resistance Welding

..........

L)

................

. ... Excellent
Excellent
... Good
Fair

¢+ ... Not Recommended

Excellent
Excellent
Excellent

12 menviotturing limitotions, They should not be vsed for specification purposes. See opplicable A.5.T.M. specificotian references.

{Continued an otier side)
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COPPER ALLOY No.667 (Continued)

Forms and Tempers Annealed Tampars Ralled or Drawn Tempers Hot ) )
Most Commonly Used Finished | -
fard Tampars
Kl 8
Nominal Grain Size mm E- ?
e & T
: S _a
- ® s S8 g £
3213 5 T e £ o6 5 5|3 B|E
E | 2 T 3 5 & | @ BlEe 3]
E g s A 0 I & A O]l ===
< Lls T o - g 0 = % |5
sggggelcE| 5 53 Pz oEcg fozoE|Todlt
"§8988a35|8& s FE LSS5 F 32 28

FLAT
PRODUCTS

1. DRAWN — GENERAL PURPOSE temper is used
for peneral purpose tube only, usoally where there
is no real requirement for high strength or hurdness on
the onc hand or for bending quealities on the other,

Strip, Rolled
Strip, Drawn
Flat Wire, Rolled
Flat Wire, Drawn
Bar, Rolled

Bar, Drawn
Sheet

Plate

ROD

WIRE

TUBE

PIPE

SHAPES

Mechanical Properties Yiald Strength Elonga- . :
Tansile | {.5% Ext. tion Rockwal! Shear Fatigua i3
Size Strength | undar Load)} {.2% Offsst)| in2in. t Hardnoss | Strength Strangth ‘
Form Section Tampar Miltion
in. ksi 17 ksi ksi u Fle .13“ ksi ksi | Cycles
__#
FLAT .
PRODUCTS {f .040 in. 100 mm ........ .| 45.8 12.0 11.8 .... |60 - 18 e
070 mm ......... 47.0 16.0 13.5 60 64 - 22 .
050 mm ......... 49.0 - 149 58 70 - 30
035mm ......... 50.0 18.0 17.4 55 74 - 35 o
1 025mm ......... 53.0 20.0 20,0 53 71 - 41
Di5mm ..,.... .. 55.0 24.0 24.0 44 83 - 47
Quarter Hard , .. ... 56.0 36.2 36.0 38 - 57 55 .
Half Hard ... ......, 64.0 48.0 5T.0 20 - 70 64 .
Three Quarter Hard . | 71.0 ce 66.0 13 - 78 69
Hard ............ 71.3 62.0 74.0 10 - B4 72
Extra Hard ., ...... 88.0 85.0 4 - 89 751 . .
Spring . ..., veaees | 960 90.0 25 1~ 91 17 .
Extra Spring. ..... . 1100.0 92.5 2 - 93 78 o
WIRE J§ .080 in. Half Hard..,...... | 90.0 : 5 - - - v e

182

2. HARD DRAWN temper is used
only where there is need for a tube
as hard or as strong as is commer-
cially feasible for the size in question.

The valuas listad above rapresen reasenoble approximalions sultable for ganeral enginearing use. Dus 10 commarcial variotions in camposition and
to manufaciuring limitations, they thould not be used for speciticarion purposas, Ses applicoble AS.T.M, spacificoildn refarences.

3. LIGHT DRAWN - BENDING temper Is
used only where a tube of some stilfness, but
yet capable of readily being bent {or other
wise moderately cold worked) is needed,




Composition — percent

COPPER ALLOY No. 674

Nearest Applicable A S T M Specifications

Nominal | Minimum | Maximum
Copper 58.5 57.0 60.0
Lead R e .50
Iron e e 35
Tin e - 30
Zinc 36.5 Remainder
Nickel R e 25
Aluminum 1.2 .50 2.0
Manganese 2.8 2.0 35
Silicon 1.0 50 1.3
Total Other Elements ceae e A0
Physical Properties English Units C. G. 5. Units
Melting Point (Liguidus) }ggg E Sﬁ_if (C?
It int (Sclidus
Melting Point ( Se;snﬂ 2921b fcu in @68 F 8.08 gm /cucm @20 C.
Specific Gravity B.o8 , BO8
Coefficient of Thermal Expansion per °F from 68 F to 212 F per°C {rom20C 10 100 C
Coefficient of Thermal Expansion per °F from 68 F 10 392 F per °C from 20 C to 200 C
Coefficient of Thermal Expansion 000011 per°F from 68 F to 572 F 000020 per®C from20C to 300C
Thermal Conductivity 58 Btu /sq fL /it /hr JF @ 68 F .24 cal [sq cm fem jsec [*C @20 C
Electrical Resistivity {Annealed} 45.1 Ohms (circ mil /ft ) @ 68 F 7.5 Microhm-cm @20C
Electrical Conductivity* (Annealed) 23%IACS @68 F 1133 Megmho-cm @20C
Thermal Capacity (Specific Heat) 09 Bu /b °F @ 68 F 09 cul fgm [°C @20 C
Modulus of Elasticity (Tension) 16,000,000 psi 11,200 Xg /sq mm
Modulus of Rigidity 6,000,000 psi 4,200 Kg/sq mm

Typical Uses

* Volume Basis

Bushings, gears, connecting rods, shafts, wear plates N

Common Fabrication Processes

Hot forging end pressing, machining

Fabrication Properties

Capacity for Being Cold Worked .. .vveoserss""” 'éiéeﬁzﬁ: Suitability for being joined by:
Capaci[y for Being Hot Formed . .oownerrrrrtt™" 100 SDldfbl‘lng ............................... Fair
Hot Forgeability Rating (Forging Brass = 0 ceenenes BraZing «.ovvvinii it Good
Hot Working Temperature . .. .. 1100-1250F or 620-675 C Oxyacetylene Welding ....-... Not Recommended
Annealing Temperature . . . ... 800-1100F of 425-600 C Gas Shielded Arc Welding..voreenvveneen.. Fair
Machinability Rating (Free Cutting Brass ® [T 10) JP 25 Coated Metal Arc Welding. .- ... Not Recommended
SPOt ~ventvrm it Good
Resistance Welding [T o 1 WP Good
BUIL »«vrtvravacenncanan Good

ima itahle for general 1 i . . . .
. recybnable appraximations suitah & engineering use. Bue {5 commerzial variotions in gamposhion and
The values listad abave repraitat /v should not be used for specificatian purpases. See applicable A, 5.T.M. speci;cuﬁun referentes.

{Continued on other side) 183
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COPPER ALLOY No. 674 (continued)

_ Forms and Tempers Annssled Tempers Rollad or Drawn Tempers Hot AR
. Most Commonly Used ‘ Finishad E
I . = Tempers
3 3 &
: l1l\l|:rminul Grain 5iza mm §. K
B a Z
- = o z B Qo il g
il .5 ¢ Eo iz ¥E
€ c £ B 2 = B | m BlE 3l
S| = 5 & © T A L § al. £ls
ggg8gelc$lE g Py g fgogyogfdd
= a 28838 6 2 £ £ 25 858 F 3|q 2 ;
Strip, Rolled 8 -+« e+ evvvnnaan.s, sranefeaia, RPN et —— P P
Strip, Drawn g <+ - - - P PO P, P N T DN
F]ﬂtwl'_relRQl]ed ....... f i e e T h e r e wan [ O I
FLAT Flat Wire, Drawn § -+« - v v vomeeiiionnaen O
PRODUCTS Bar, Rolled § -+« - - Veraas bawramoerrnedasareuinnaa St s e S ! N o
Bﬂr.Drawn --------- Ve e e B ocrfer i [ T [ICIEI FUPEPIN— YA PPN
Sheet @ ¢« -+ - L T T T T T I e e e
Plate B ... coiveviia EE R T T T T T T (St
RODB-... ..o [ TR PO [ R R I T I IS I, EEY TR
WIRER :.- v vveniiiinnanraea e, PR PRSP JOPR
TUBER -- -+« vevunn. et arar e ia e e i ettty P s e
PIPEE - v cevevi e U D L N
SHAPES B +--vvvrverinnnncnnannedinna, e e e e R R
i. DRAWN - GENERAL PURPOSE temper is used 2. HARD DRAWN temper is used 3. LIGHT DRAWN - BENDING temper is
for general purpose tube only, usually where there only where there is need for a tube used only where a tube of some stiffness, but
is no real requirement for high strength or hardness on as hard or as strong as is commer- yet capable of readily being bent (or other-
the one hand or for bending qualities on the other. cially feasible for the size in question. wise moderately cold worked) is needed.
Mechanicai Properties Yiald Strangth Elonga-
Tonsile [.5% Ext. tion Rackwalt Shaar Fatigue
Size Strangth | under Load)| {.25% Offset}| B 21in. | Hardness | Strength Strength
Form Section Teamper .
Miltion
i in. ksi ksi sl % 3 I B ]301- ki ksi Cycles
ROD | .750in. | Soft Anneal,..... ..|-70.0 34.0 cees 28 |- 78 -
r Haif Hard tress
nt Relimede ™ [ 920 | s50 e 20 (- 87 - | 480 ( 290 100
BAR §2in. X
3in. As Extruded ....... 78.0 38.0 26 - 18 -
Half Hard, Stress
Relieved* , .. .... B5.0 45.0 24 - 83 -
o
* 1 Hour at 550°F s
i
184 Tha valuas {isted abova represant n bl lons suitoble for genaral wnginesting use, Bue ta commarcial variations in comporition and
to manufocturing limitations, thay lhnuld nat ba used for specificolion purposes. See opplicuble A.S.T.M. specificaticn references.
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COPPER ALLOY No. 675 (MANGANESE BRONZE A)

- ,i.'nposition — percent
Nearest Applicable A S T M Specifications

Nominal | Minimum | Maximum
Flat Products B124, B138
Copper 58.5 57.0 60.0 Pipe
Lesd | ....°| .... 20
Iron 1.4 8 70 Rod Bi24,B138
Tin i .50 1.5 Shapes B124, B138, B283
Zinc 39.0 Remainder Tube
Aluminum e cee .25 .
Manganese B .05 .50 Wire
Total Other Elements cees R 10
Physical Properties
English Units C. G, 5. Units
Melting Point {Liguidus) 1630 F Bo0 C ?
i Melting Point {Solidus) 1590 g 865 C
Density 302 1bJeu in @68 F B.36 gm jcucm @20C.
Specific Gravity 8.36 B.36
Coefficient of Thermal Expansion per °F from 68 F to 212 F per°C from20C to 100 C
Coefficient of Thermal Expansion per°F from 68 F to 392 F per°C from 20C to 200 C
Coefficient of Thermal Expansion 0000118 per*F from 68 F to 572 F 0000212 per°C from20C te300C
Thermal Conductivity 61 Btu fsq It /ft [hr /°F @ 68 F .26 cal fsq cm fem Jsec PC @20 C
Electrical Resistivity {Annealed) 43.2 Ohms (circ mil /fft )@68 F 7.18 Microhm-cm @20 C
Electrical Conductivity* {Annealed) 24 HIACS@6RF 139 Megmho-cm @20 C
Thermal Capacity (Specific Heat) .09 Btu/lb°F @68 F 09 cal fgm /°C @20 C
Modulus of Elasticity (Tension)} 15,000,000 psi 10,500 Kg /sq mm
Modulus of Rigidity 5,600,000 psi 3,900 Kg [sq mm
* Yolume Basis ’
Typical Uses
AUTOMOTIVE: clutch disks, pump rods, shafting
HARDWARE: balls, valve stems and bodies
Common Fabrication Processes
; Hot forging and pressing, hot heading and upsetting
Fabrication Properties
Capacity for Being Cold Worked ..........c...coo... Poor Suitability for being joined by:

. Capacity for Being Hot Formed . ............. Excellent Soldering. . - cvv v et it i . .. Excellent
Hot Forgeability Rating {(Forging Brass=100) ......... 80 BIAZINE ot vv et ineciie e ciavaanens Excellent
Hot Working Temperature,, ... 1150-1450F or 625-750 C Oxyacetylene Welding ..o vveenoceuenronn Good
Annealing Temperature ., ..., 800-1100F or 425-600 C Gas Shielded Arc Welding +....cevvvnnn.... Fair
Machinability Rating (Free Cutting Brass =100}, ,....... 30 Coated Metal Arc Welding ..... Not Recommended

POt v e s e Good
Resistance Welding F2 1Y ¢ N Fair
Butt .......cciiiinnnnn Good

" The volues listed above represent reasonoble appraximaticns suitoble for general enginearing use. Due to tommercial varialions in composition and
to monufocturing limitations, they should not ke used for specificarion purpases. See opplicable A.S.T.M. specificotion relerences.
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Forms and Tempers
Most Commonly Used

COPPER ALLOY No. 675 (continueq)

Annealed Tempars Rolied or Drawn Tempers Hot RS
Finished| .\
[y Tampers
T g
Nominal Grain Size mm § g
T & j:
E — o
I g ., @
el B ES 1T |E
] E |4 £ = E o § 0o 3z 2 i 3 E
c Bl 4 g 3 B ) @ Blae Bl
&: g - ; f__l =] I 8 e 5 ] [ 4 E 0
segogels |2 853 Pz s fg iz og|fodlt
RS5E88335/55 55 iE3F 8888 % 3|2 2|8

Strip, Rolled
Strip, Drawn
Flat Wire, Rolled

FLAT
PRODUCTS

Flat Wire, Drawn
Bar, Rolled

Bar, Drawn

Sheet
Plate
ROD

WIRE
TUBE
PIPE

SHAPES

......................................
.......................................

1. DRAWN - GENERAL PURPOSE temper is used
for general purpose tube only, usually where there
is no real requitement for high strength or hardness on

2. HARD DRAWN temper is used
onty where there is need for a tube
a5 hard or as

3. LIGHT DRAWN - BENDING temper is -
used only where a tube of some stiffness, but

the one hand or for bending qualities on the other.

Mechanical Properties

cially feasible for the size in question,

strong as is commer-

yet copable of readily being bent (or other- .
wise moderately cold worked) is needed.

Yield Strength Eionga-
Tensile | (5% Ext. tion Rockwaelt Shear Fatigun
Size Strangth | under Load)! {.25% Offset}f in2in, ! Hardness | Strength Strength
Form Saction Tamper Mitlion
in. ksi ksi ksi % E 3 ksi ksi Cycles
ROD 1.0 in. Soft Anneat ........ 65.0 30.0 33 - 65 - 42.0 e
Quarter Hard (10%). .31 77.0 45.0 23 - 83 - 470 ...
Half Hard (20%). . ... 84.0 60.0 19 - 90 - 48.0
2.0in, Quarter Hard (10%)}..] 72.0 42.0 27 - 77 - 44.0

Tha values lisied above reprasent reascnoble approximaticns suitable for general snginesring vie. Due 16 commercial variations in compositlon and
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COPPER ALLOY No. 687 (ALUMINUM BRASS, ARSENICAL)

Compo ition — percent

Nearest Applicable A 8 T M Specifications
Nominal | Minimum | Maximum
Flat Products
Copper 71.5 76.0 79.0 Pipe
Lead 07 Rod
Iron e .. 06
Zinc | 205 Remainder Shapes
Aluminum 2 1.8 2.5 Tube Bll1, B359, B395
Arsenic C e .02 .10 Wire
Total Other Elements 15
Physical Properties .
English Units C. G. 8. Units
} Melting Point {Liguidus) 1780 F 370 C
Melting Point (Solidus) 1710 F 935 C
Density 301 Ib/cu in @68 F 8.33 gm jcucm @20C.
Specific Gravity 8.33 8.33

Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Thermal Conductivity

Electrical Resistivity {Annealed)

per °F from 68 F to 212 F

per*F from 68 F to 392 F

0000103 per °F from 68 F to 572 F
58 Btu fsq ft /ft /hr °F @ 68 F

45.1 Ohms {circ mil /it )@ 68 F

0000185

.24
7.50

per®C from20C to 100 C
per®C from20C to 200 C
per°C from20C to 300 C
cal fsq cm fom fsec PC@20C
Microhm-cm @ 20C

133
09
11,200
4,200

23 % JACS@68 F
.09 Btu flb°F @68 F
16,000,000 psi
6,000,000 psi

Megmho-cm @ 20 C
cal fgm f°C @20C
Kg /sq mm
Kg /sg mm

Electrical Conductivity* {Annealed)
Thermal Capacity {Specific Heat)
Modulus of Elasticity (Tension)
Modulus of Rigidity

* Yolume Basis

Typical Uses

INDUSTRIAL: condenser, evaporator and heat exchanger tubes, distiller tubes, ferrules

Commen Fabrication Processes

j Forming and bending

Fabrication Properties

Capacity for Being Cold Worked ............. Excelient Suitability for being joined by:
Capacity for Being Hot Formed  .................. Fair Soldering. . .. ..o ii it e Fair
Hot Forgeability Rating (Forging Brass=100) ... ......... Brazing ... ...t i ia e Goed
Hot Working Temperature _ . , ., 1400-1600F or 750-875 C Oxyocetylene Welding  «+...ovnvevenonnn. Fair
Annealing Temperature , ... .. 800-1100F or 425-600 C Gas Shielded Arc Welding .- .............. Fair
Machinability Rating {Free Cutting Brass=100} ...... .. 30 Coated Metal Arc Welding .... Not Recommended
SPOE vt Good
Resistance Welding SEAM «vvvvnvvnnnnnrannn Fair
BUft .+t cvmeiscrcansns Good

The vslues listed obove represent recsanable approximations suitoble for genernl engineering use. Due ts commercial voriotions in compesition and
10 monufocturing limilotions, they should nol be used for specificatian purposes. See applicable A.5.T.M. spetification references.

{Continued on other side)
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COPPER ALLOY No. 687 (Continued)

Forms and Tempers Annealed Tampers Rolled ar Drawn Tempers Hot W
Most Commonly Used Finishod :
- Tempers :
3 )
Nominal Grain Size mm g. 2 :
- & B f-‘
g 5 & :
T g - 0 " :
- o & g ° ! B |
- = [ — &
8813 £ 5 @ £6 5 513 S F—'
E | T B 3 g | B Ble 5|e i
g S| = & T ¢ < P ) e 0 B |« £ ;
seeg8ejsE 555 Bz ofof f oy oEifouly :
~acdcaaggld J|lu é FE 2 S & Jd & F 5|2 ija [
Strip, Rolled § -+ - - v-vevmiea o e !
Strip, Drawn | -+ oo rrvrrraeee e i e [
Flat Wire’ Rolled B '-rvr-cccrtinnnnei et drracceatcanrranscarstissansrossncarsoscasdonsansesfiansasens H
FLAT Flat Wire, Drawn | -+ - - vvreenmnarienc oo i Z
PRODUCTS Bar, Rolled # -« r v i inrrsrrinerssrrnasasrsrersanansrrrasaslianseafiniaan, !
Bar, Drawn fl ««rvrevevecsanns . Y ! f
LN R T T T e T L
Pl R T T T T I N i
RODH . e s s e e :
WIREH -t P T 5;
TUBE Y ... vvonin. L I T T T D Y ‘ I8
PlPE ............................................................................ ) N
SHAPES f -+t ctvvrmraesiariandensnssneaarocissionroroiiiannnsnanoccadaserse]iaiaenss L !
g
1. DRAWN — GENERAL PURPOSE temper is used 2. HARD DRAWN temper is used 3. LIGHT DRAWN — BENDING temper is £
for general purpose tube only, usually where there only where there is need for a tube used only where a tube of some stiffness, but i
is no real requirement for high strength or hardness on as hard or as strong as is commer- yet capable of readily being bent (or other- L
the one hand or for bending qualities on the other. cially feasible for the size in question. wise moderately cold worked) is needed.
Mechanical Properties Yiald Strangth Elonga.
Tensile | {.5% Ext tion Rockwall | Shear Fatigua
Size Strength | under Load}| {.2% Offsat)| in2in. | Hardness |Strangth Strangth
Form Section Tempar -
Million
in, ksi ksi ksi % Ft B l3oT ksi ksi | CVC|BS
L *
TUBE g1.0in.ODj.025mm ......... 60.0 27.0 55 77 — =
X .065 in

T AR et At

Tha valuss listed above represent r appraximaii suitable for ganerol enginesring usa. Due to commarcial varlalions in compasiion and
1o manvfaciuring limilations, they should not be used for spaclfication purposes, Ses applicable A.S.T.M. specification referances,
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COPPER ALLOY No. 688

H

i

Composition — percent

Nearest Applicable AS T M Specifications
MNominal | Minimum [ Maximum s
2
Copper 73.5 72.3 74.7
Lead P e 05
fron e e .05
Zinc 227 Remainder
Aluminum 3.4 3.0 38
Caobalt .40 .25 .55
Total Other Elements cea caees 10
Physical Properties ) .
English Units C. G. S. Units
; Meiting Point (Liquidus) 1765 F : 965 C
Melting Point (Solidus) 1740 F 950 C
Density 296 lbfeu in @68 F 8.20 gm fcucm @20 C.
Specific Gravity 8.20 8.20
Coefficient of Thermal Expansion per°F from 68 F to 212 F per°C from20C to 100 C
Coefficient of Thermal Expansion per°F from 68 F to 392 F per °C from 20 C to 200 C
Coefficient of Thermal Expansion 0000101 per°F from68 F toe 572 F 0000182 per°C from 20 C to 300 C
Thermal Conductivity 23 Btu /sq ft fft fhr [°F @ 6B F 035 cal fsq cm jcm fsec [*C@20C
Electrical Resistivity (Annealed} 58 Ohms (circ mil /it J@ 68 F 9.6 Microhm-cm @20C
Electrical Conductivity* {Annealed} 18 % IACS@ 68 F 104 Megmho-cm @20C
Thermal Capacity (Specific Heat) .09 Btu/ib*F @68 F .09 calfgm /°C @20 C
Modulus of Elasticity (Tension) 6,800,000 psi 11,800 Kg /sq mm
Modulus of Rigidity psi Kg /sq mm

*Volume Basis

Typical Uses

Springs, switches, contacts, relays, drawn pdrts

Common Fabrication Processes

Blanking, drawing, forming and bending, shearing and stamping

Fabrication Properties

Capacity for Being Cold Worked ............... Excellent Suitability for being joined by:
Capaciiy [or Being Hot Formed ,.............. Excellent Soldering. ........... e P Fair
Hot Forgeability Rating (Forging Brass=100) ............ Brazing ... . e Fair
Hot Working Temperature .. . ............ For....... C Oxyacetylene Welding ... ......... cu.couivn. ..
Anneiling Temperature ... ..... 750-1100F or 400-600 C Gas Shielded ArcWelding .. ....... ... ........
Machinability Rating {Free Cutting Brass=100)........... Coated Metal ArcWelding .. ....... ... ... .....
Spot L. Good
Resistance Welding Seam . ............. v... Good
Butt ... . e, Good

The volues listed above represent feassnoble opproximstians suitable for general enpinsering use. Due to cammercial voriations in compasition ond
to manufacturing limitotians, they should not be vied for specilicotion purpores. See applicuble A.5.T.M. specification references.

(Continued o other nide) 189




COPPER ALLOY No. 688 (Continued)

Forms and Tempers

Annesled Tempars Rolied or Drawn Tempers Hot j
Most Commonly Used Finished} ./
1 = Tempers
Py )
i Nominal Grain Size mm % z
- - 5 3
% = 8
= )
- - f; E 8 113 §
- 8 7 = v 2 e £l BiE
HEERN T E|E 3¢
< y 5 O E & - R
< § ¢ T £ =18 X2
sgaBse|sEl5 5 5 § F Y EIE M
ra3 88393835 8§ g F E 6 £ 5i2 & ;f

Strip, Rolled § -+ -1 e T S S A
Strip, Drawn J -+ --crve v e PO T .
Flat Wire, Rolled | -+ v+ - rrrvrvr b e
FLAT Flat Wire, Drawn ] «covccrvemernnnnnnn, [ ...................................... N T
PR_ODUCrS Bar' Rolled B »«rreevvimeriirararar b irira it ssnrreersnorvarrnnrvrnarrsasfaoannsy .
Bar,Drawn f§ «+orevevreses e P Weraana A
Sheat § <+ revrronenranrnnanns D AP A
L B R R R I T S R P I I ‘o PO
ROD Y - vttt v i enannnns P e IS
WIREH ~-«*---+-- T . . R T
TUBE B - <+ v v vervrrnareanarrraboosnenttanasnsasarsnassansesrannanssanhersnss e
PIPER - - --r- e Y R Ve e
SHAPES ........ P e N R ) A R T L R R I rer freenes . )--
1. DRAWN — GENERAL PURPOSE temper is used 2. HARD DRAWN temper is used 3. LIGHT DRAWN — BENDING temper is
for general purpose tube only, usually where there only where there is need for a tube usect only where a tube of some stiffness, but
is no real requirement for high strength or hardness on as hard or as sitong as is commer- yet capable of readily being bent {(or other-
the one hand or for bending qualities on the other. cially feasible for the size in question. wise moderately celd worked) is needed.
Mechanical Properties Yiold Strength Eionga-
Tonsila | (5% Ext. tion Rockwetl | Shear Fatigue
Size Strangth | under Load)| .2% Offset)| iN2in. | Hardness | Strongth Strangth
Form Section Temper -
Million
in. ksi ksi ksl % F‘ B |30T ksi lesi | Cycles
FLAT
PRODUCTS 040 in, O15mm ......... §2.0 54.0 55.0 36 - 81 71
Half Hard......... 93.0 . 75.0 20 - 90 78 .
Hard............. 109.0 e 97.0 6 - 96 B2
Extra Hard........ 117.0 i05.0 3 - 97 83| ....
Spring ........... 122.0 e 110.0 2 - 98 B3] .... 36.5 100
Extra Spring ...... 129.0 RN 114.0 2 - 99 83! .... e Cee

The values listed above rapresent recsonoble approximations suitable for gensral enginesring use. Dus to commaercial variations in compasition and
190 to manufacturing limitotions, thay should not be used for specification purposes, See applicoble A5.T.M. specilicaticn references.
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COPPER ALLOY No. 694 (siLicon RED BRASS)

compaosition — percent
Nearest Applicable AS T M Specifications

Nominal | Minimum | Maximum
Flat Products
Copper 81.5 80.0 3.0 Pipe
Lead .30
Iron e e .20 Rod B371
Zinc 14.5 Remainder Shapes
Silicon 4.0 s 4.5 Tube
Total Other Elements e e .50 .
Wire
Physical Properties
English Units £, G. 5, Units
. Melting Point (Liquidus) 1685 F 920 C
! Melting Point (Solidus) 1510 F 820 C
Density 296 lbfcu in @68 F 8.19 gm fcucm @20 C.
Specific Gravity 8.19 B.19
Coefficient of Thermal Expansion per°F from68 F to 212 F per®C from20C to 100 C
Coefficient of Thermal Expansion per°F from 68 F to 392 F per°C from 20C to200C
Coefficient of Thermal Expansion 0000112 per®F from68 F to 372 F .0000202 per°C from20C to 300C
Thermal Conductivity 15 Btu /sq ft /fft fhr /°F @ 6B F 45.4 cal /sq cm Jem fsec PC @20 C
Electrical Resistivity (Annealed} 167 Ohms (cire mil /ft )@ 68 F 28 Microhm-cm @20C
Electrical Conductivity* (Annealed) 6.2 HIACS @68 F 036 Megmho-cm @20 C
Thermal Capacity (Specific Heat) 09 Btu/lb°F @68 F 09 cal/pm /°C @20 C
Modulus of Elasticity (Tension) 16,000,000 psi 11,200 Kg fsq mm
Modulus of Rigidity psi kg fsqg mm

*Volume Baosis

Typical Uses

Valve stems where corrosion resistance and high strength are critical

Common Fabrication Processes

Forging, scrtew machining

Fabrication Properties

Capacity for Being Cold Worked . .................. Poor Suitability for being joined by:
Capacity for Being Hot Formed ................ Excellent Seldering .. ... ..t Excellent
Hot Forgeability Rating (Forging Brass=100) ......... BO Brazing et e Excellent
Hot Working Temperature...... 1200-1600 F or 650-8#75 C Oxyacetylene Welding .. ........ccovvtnn. Good
Annealing Temperature . . ...... 800-1200 F or 425-650 C Gas Shielded Arc Welding .. .........voivuunnn,
Machinability Rating (Free Cutting Brass=100)...... ... 30 Conted Metal Are Welding . .........ccooonou...
Spot............ [P Good
Resistance Welding Seam ........... 0., Good
Butt.......... ... ..., Good

The values listed ohave represent reasanable appreximetions svitable for genersl engineering wse, Due ta commercial varialions in composition and
1o menufortoring limitolions, they should nat be used for specificatian purpaies, See applicable A.5.T.M. specification referances.
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COPPER ALLOY No. 694 (continued)

Forms and Tempers * Annezled Tempers Rolled or Drawn Tempors Hot )
Most Commonly Used Finishsd ‘
- Tampars
Y @
Nomina) Grain Size mm i Z
] £ ®
E: R
- v 5 g S liz 1
(2 5 . § E EFos g 51z 2|¢
gk 33 £ &L EG&|E R
ggog‘}ggxz gEnggggggz:ﬁﬁﬁ
=8 835338853 &F s dieE F I & X5 £ 5|e 2l

Strip, Rolled { - -+ vt e eatareav i, P I P
Strip, Drawn f - -+ cre v e e e AP IR I
Flat Wi[e. Rolled 8 --..- F A B e s e taas F T T har e P PR .
FLAT Flat Wi_re’ Drawn B o« ccrv e ineiisansaleniinnaan, Wt et a s I e
PRODUCTS Bar, Rolled f -..-- .. e e e . .
- Bm-, Drawnn B -« cccarrenean, P B Y TR
Sheet § ---++--- b bt et aeaaa R R R T T T T T N T
PLILE § -« v v cvnmrmrvrvasonsnatforuneostansanoeioasasntoneisnnaansans N P T
RODMH -...-... e R I Y T [
WIREH -...- ..ol EEEENTEY TR e et P I
TUBER -+ vv-vunenn e aae e T T ]
PIPEH ----cccrrermnnniraninafuiainnennaanan e et e N I }
SHAPES B +-::cvcvecvnrranans Caleraa I PO I EEEE :
1. DRAWN — GENERAL PURFPOSE temper is used 2. HARD DRAWN temper is used 3. LIGHT DRAWN — BENDING temper is
for general purpose tube only, usuully where there only where there is need for a tube used only where a tube of some stiffness, but
is no real requirement for high strength or hardness on 8s hard or as strong as is commer- yet capuble of readily being bent (or other-
the one hand or for bending qualitics on the other. cially feasible for the size in question. wise moderately cold worked) is needed.
Mechanical Properties Yiald Strangth Elonga-
Tonsite | (5% Ext. tion Rockwali | Shear Fatigue
Siza Strength | under Load} {.2% Otfzet}| in2in. | Hardness | Strength Strength
Form Saction Tempar : .
Million
in. ksi ksi ki % Fl 8 {3oT ksi ksi | Cycles
ROD 500 in. | Soft Anneal ........ 90.0 45,0 . 20 - B85 - . e .
1.0in, Soft Anneal ........ 85.0 43.0 e 25 - 85 - . .
2.0in, Soft Anneal ........ 80.0 40.0 e 25 - B - .... .
.15 in, Eighth Hard (7%)}....[100.0 57.0 e 21 - 95 -1 ..., .

The valuss listad above Fapresant rearonabla approximations suitabls for ganeral anginearing wre. Dus 10 commarslal variations in :ompoallﬁn and
192 to manviocturing limitations, they should not be vasd for specification purposes. Sas opplicable A.5.T.M. 1pecificatidn references.




COPPER ALLOY No. 706 (corpeR NICKEL, 10%)

uu.rnposition — percent
Nearest Applicable A S T M Specifications

Neminal [ Minimum | Maximoum
Flat Products B122, B151,B171, B402, B432
Copper 88.6 RN e Pipe B466, B467
Lead R e .05 |
Ion | 1.4 1.0 1.8 Rod 1 BI5
Zine | ..., R 1.0 . Shapes
Nickel | 10 5.0 1.0 Tube § Blil, B359, B395, B466, B467,
Manganese Ceas ces 1.0
Copper + Elements B543, B352
with Specific Limits cea 599.5 v Wire

Physical Properties

English Units C. G. S. Units
\ Metting Point (Liguidus) 2100 F 1150 C
; Melting Point (Solidus) 2010 F 1100 C
Density 323 Ibjou in @B F 894 gm fcucm @20C.
Specific Gravity 8.94 8.94
Coefficient of Thermal Expansion per°F from 68 F to 212 F per°C from20C to 100 C
Coefficient of Thermal Expansion per°F from 68 F to 392 F per°C from20C to200C
Coefficient of Thermal Expansion 0000093 per°F from 68 F to 572 F 0000171 per®C from 20 C to 300 C
Thermal Conductivity 26 Btu /sq ft /it /hr /°)F @ 68 F .11 cal /s cm fcm fsec PC@20C
Electrical Resistivity {Annealed) 115 Ohms (circ mil /it )@ 68 F 19.1 Microhm-cm @20C .
Electrical Conductivity* (Annealed) 9.0 %IACS@6BF .0522 Megmho-cm @20 C
Thermal Capacity (Specific Heat) .09 Btu/lb°F @68 F 09 cal /[em /°C @20 C
Modulus of Elasticity {Tension) 18,000,000 psi 12,700 Kg fsq mm
Modulus of Ripidity 6,800,000 psi 4,800 Kg fsq mm
7 !
. . /.
Volume Basis Typical Uses o .
[ .: & /J‘ ,” )

INDUSTRIAL: condensers, condenser plates, distiller tubes, evaporator
and heat exchanger tubes, ferrules, salt water piping

P

Common Fabrication Processes

Forming and bending, welding

Fabrication Properties

Capacity for Being Cold Worked ............. v+.. Good Suitability for being joined by:
Capacity for Being Hot Formed .........cc0vvn.n. Good Soldering. . ..ot i e, Excellent
Hot Forgeability Rating (Forging Brass=100) ............ Brazing . ........c i iiinnnnn, Excellent
Hot Working Temperature .., , . 1550-1750F or 850950 C Oxyacetylene Welding ..............cv..u. Fair
Annealing Temperature , , ., , ., 1100-1500F or 600-825 C Gas Shielded Arc Welding ............. Excellent
Machingbility Rating (Free Cutting Brass=100) ........ 20 Coated Metal Arc Welding ...... e Good
Spot + vt e Good
Resistance Welding Seam..........ciniann Good
Butt ... s Excellent

The valueas listad above reprecent reosonable ui:prn:fmnll‘nm suitoble far genarcl snpineering use, Due 10 commarcial variation: in compositien and
to moaufacturing limitcYions, they shauld not be wvied for specification purpases. See applicable AS.T.M. specilicotion refarenzes.
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v COPPER ALLOY No. 706 (Continued)

Forms and Tempers
o Most Commonly Used

Annealed Tempers Rolled or Drawn Tempars Hot

Finished i
Tampaors

Nominal Grain Size mm

Light Anneal

100
070
050
035
025
Ly 153
Drawn — General Purpesa (1)

Thres Quarter Hard
Light Drawn — Bending (3)

Special Tempars

Eighth Hard
Quarter Hard
Hard Drawn (2)
As Hot Rolled

Soft Anneal
Half Hard
Hard

Extra Hard
Spring
Extra Spring
As Extruded

Strip, Rolled |
Strip, Drawn §
Flat Wire, Rolled §
Flat Wire, Drawn §
Bar, Rolled

i Bar, Drawn §
. Sheet §
j‘. _ Plate
ROD §
WIRE §
TUBE #
PIPE
SHAPES §

.........................................................................

FLAT
. PRODUCTS

...................................................................

...........................................................

1. DRAWN — GENERAL PURPOSE temper Is used
for general purpase tube only, usually where there
is no rea) requirement for high strength or hardness on
the one hand or for bending qualities on the other.

2. HARD DRAWN temper is used
only where there is need for a tube
as hard or as strong as is commer-
cially feasible for the size in question.

3. LIGHT DRAWN -~ BENDING temper is
used only where a tube of some stiffness, but
yet capnble of readily being bent (or other-
wise moderately cold worked) is needed.

Mechanical Properties

Yield Strength Elonga-
Tensita | {5% Ext. tion Rackwatl | Shear Fatigue
Size Strength | under Load)j {.2% Offsat}| in2in. | Hardness |Strength Strength
Form Section Tamper . Million
in. ksi besi kesi % Fla 3T kst ] Cycles
TUBE E1.0in.OD| 025 mm ........ 440 16.0 e 42 65 15 26
X .065in. ’ .
Light Drawn ...... 60.0 57.0 e 10 (00 72 70

Tha valyes listed cbove rlprlllnl raasoncble approximations suitable far genero! enginearing vss. Dur te commaercial varlations in somposition and
194 [ ing limitati they should not be used For specification purpases. Ses applicoble A.5.T.M. ipecificatidn refarences.
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COPPER ALLOY No. 710 (corrER NICKEL, 20%) j

3 . ]

i . . e ;
mpaosition — percent |
Nearest Applicable AS T M Specifications }

Nominal | Minimum | Maximum ’ '\

o Flat Products B122 ‘
Copper | 79 e . Pipe | B466, B467 1

Lead .05 ]

Iron | .... 1.0 Red \

Zinc | .... ceen 1.0 Shapes |

Nickel | 21 19.0 23.0 Tube | BI11, B359, B395, B466, B467 r‘

Manganese v e 1.0 . ;

Copper + Elements Wire B206 |
with Specific Limits e 99.5
.\

Physical Properties . !‘
English Units C. G. . Units
. a !‘
Melting Point (Liquidus) 2190 F 1200 C !
i Melting Point {Solidus) 2100 F 1150 C
’ Density 323 1b fcu in @68 F 8.94 gm /cucm @20 C.
Specific Gravity 8.94 B.94
Coefficient of Thermal Expansion per*F from 68 F to 212 F per°C from20C to 100 C !
Coefficient of Thermal Expansion per*F from 68 F to 392 F per°C from20C ta200C
Coefficient of Thermal Expansion 0000091 per°F from 68 F to 572 F 0000164 per°C from20C to300C
Thermal Conductivity 21 Btu fsqg ft /it /hr /°F @ 68 F .09 cal /sg cm fem fsee FC @20 C
Electrical Resistivity (Annealed) 160 Ohms (circ mil /it )@ 68 F 26.6 Microhm-cm @ 20 C
Electrical Conductivity™ (Annealed) 65 BIACS@68BF 038 Megmho-cm @20C
Thermal Capacity (Specific Heat) .09 Btu fib°F @68 F 09 cal fgm j°C @20C
Modulus of Elasticity (Tension) 20,000,000 psi 14,100 Kg /sq mm
Madulus of Rigidity 7,500,000 psi 5,275 Kg fsq mm
*Volume Basis Typical Uses
Communication relays, condensers, condenser plates, electrical
_ springs, evaporator and heat exchanger tubes, ferrules, resistors
Common Fabrication Processes
Blanking, forming and bending, welding
Fabrication Properties
Capacity for Being Cold Worked . ................. Good Suitability for being joined by:
Capacity for Being Hot Formed .................. Good SOIABIINE, v v v ee v cineenrnnas .. Excellent
Hot Forgeability Rating (Forging Brass=100) .-+ ..vxuu... Brazing ........¢0ciiiiiinnninanaana. Excellent
Hot Working Temperature .... 1600-1900 F or 875-1050C Oxyacetylene Weldng .« ..vvveerennnnnnnnn Fair
Annesling Temperature, . _, ... 1200-1500 F or 650-825 C Gas Shielded Arc Welding. .. ........... Excellent
Machinability Rating (Free Cutting Brass=100) ........ 20 Coated Metal Arc Welding .......... e Good
Spot ..... eeeaiaeaa, Excellent
Resistance Welding Seam ............ ... Excellent
Butt ............ +v+ . Excellent

" The values listed okove represent reasoncble opproximetions suilakle for general sngineering uvse. Due 1o commercial variations in composition and
ta manufactyring limitatians, they should nat ke used for specificotion purpoies. See opplicable A.S5.T.M., specification references.
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COPPER ALLOY No. 710 (Continued)

Forms and Tamﬁers
Most Commonly Used

Strip, Rolled §
Strip, Drawn
Flat Wire, Rolled §
Flat Wire, Drawn ¢
Bar, Roiled §
Bar, Drawn §
Sheet f -
Plate §

ROD ¥
WIRE F
TUBEJ --
PIPE §
SHAPES §

.......

FLAT
PRODUCTS

1. DRAWN — GENERAL PURPQSE temper is used
for general purpose tube only, usunlly where there
is 1o real requirement for high strength or hardness on
the one hand or for bending qualities on the other,

Mechanical Properties

Tonsile | (5% Ext.
Strength | undar Load)| {.2% Offzat)
Tompar
ksi ksi ksi
FLAT §
PRODUCTS § .040 in. 050 mm ........ 51.0 130 13.0
: 035mm ........ 52.0 14.0 14.0
025 mm ........ 33.0 16.0 16.0
Quarter Hard . .... 60.0 48.0 49.0
Half Hard........ 68.0 62.0 63.0
Hard ...........[ 75.0 71.0 72.0
Extra Hard ...... 78.0 75.0 76.0
Spring ....... ... | 820 78.0 79.0
Extra Spring .....| 85.0 78.0 79.0
TUBE ¢ 1.0in. O} 025 mm........ 49.0 18.0 P
X .065 in| Light Drawn ..... 68.0 62.0 .
WIRE .080 in. Extra Spring ..... 85.0 85.0

The valuss listed above represent s bis appr

0356

Annsaled Tempuors

 Nominal Grain Size mm

e

2. HARD DRAWN temper is used
only where there is need for a tube
as hard or as strong as is commer-
cially feasible for the size in question.

13

Soft Anneal
Light Anneal
Eighth Hard
CQuarter Hard
Half Hard

INUE SRRSO
O O
..........
e
..........
......

Yield Strength

196

RS —

Rolted or Drawn Tempara

Three Quarter Hard

Hot -
Finished
Tampeors

Drawn — General Purpose (1)
Light Drawn — Bending (3}

Special Tempers

Extra Hard
Extra Spring
Hard Drawn (2)
As Hot Rolled
As Extruded

Hard

.......

........................................

.....................................

3. LIGHT DRAWN - BENDING temper is
used only where a tube of some stiffness, but
yet capable of readily being bent (or other-
wise moderately cold worked) is needed.

Elonga-
tion Rockwall Shear Fatigua
in2in. | Hardness |Strength Strength
Million
% F I B |3I]T hesi hsi l Cycles
35 7225 = ....
35 1327 - ....
35 7530 - ...,
20 92 58 - .
8 HO075 —-1 ....
5 - B0 -7 ...,
4 - 82 -] ....
3 - B4 ~| ...
3 - 86 -] ...
co)
40 72 - -
14 -~ 76 - 20.0 100
5 - -

itable for ganaral enginasring use, Due to commaerclal vartations in compasition and
e manufacivring limiations, they should not be veed for speciflecation purpotes. See applicable A.5.T.M. specificatidn raferances,
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COPPER ALLOY No. 715 (corper nickEL 30%)

Composition — percent
Nearest Applicable ASTM Specifications

Nominal [ Minimum | Maxjmum

' Flat P 1, BI71, B402, B432
Copper 69.5 at Products B122,B15

Lead § ... ] .... 05 Pipe | B466, B467
Iron 5 40 7 Rod BI5}
Zinc e e 1.0 Shapes
Nickel 20 290 33.0
Manganese o L 1.0 Tube BllI,B359,B395,B466,B467,
Copper + Elements B543, B552
with Specific Limits e 99.5 v Wire

Physical Properties

English Units - C. G, 8. Units
- ]
i Melting Point (Liquidus) 2260 F 1240 C
’ Melting Point {Soclidus) 2140 F 1170 C
Density 323 lb/eu in @68 F 8.94 gm fcucm @ 20 C.
Specific Gravity 894 8.94
Coelficient of Thermal Expansion per®F from 68 F to 212 F per°C from20C te 100 C
Coefficient of Thermal Expansion per°F from 68 F to 392 F per°C from 20C to 200 C
Coefficient of Thermal Expansion 0000090 per°F from 68 F to 572 F 0000162 per®C from 20C to 300G C
Thermal Conductivity 17 Biufsq [t fft /hr FF @ 6B F .07 cal /sqcm fem jsec [PC@ 20 C
Elecirical Resistivity {(Annealed) 225 Ohms (circ mil /ft Y@ 68 F 37.5 Microhm-cm @20C -
Electrical Conductivity* {Annealed} 4.6 % 1IACS@ 68 F .0267 Megmho-cm @20 C
Thermal Capacity {Specific Heat) 09 Btu/ib*F @68 F 09 cal fgm [°C @20 C
Modulus of Elasticity (Tension} 22,000,000 psi 15,500 Kg/sq mm
Modulus of Rigidity 8,300,000 psi 5,800 Kg/sq mm
* Volume Basis Typical Uses
INDUSTRIAL: condensers, condenser plates, distiller tubes, evaporator
and heat exchanger tubes, ferrules, salt water piping
Common Fabrication Processas
Forming and bending, welding
Fabrication Properties
Capacity for Being Cold Worked ................. Good Suitability for being joined by:
Capacity for Being Hot Formed ~ ................. Good SOMBIINE. « oot rer i rnanrnnniaseas Excellent
Hot Forpeability Rating (Forging Brass=100) ........... Brazing ... i Excellent
Hot Working Temperature 1700-1900F or 925-1050 C Oxyacetylene Welding ..........-.cocunt, Good
Annealing Temperature , ., ... 1200-1500F or 650- 825C Gas Shielded Arc Welding ............. Excellent
Machinability Rating (Free Cuiting Brass=100) ........ 20 Coated Metal Arc Welding ............. Excellent
Spot  ce.iiiiiiiiann Excellent
Resistance Welding Seam ... iiaaiianan Excellent
Butt .....o.iviinannn Excellent

The volues listed obove represent recsonable opproximsticns sullable for genercl engineoring vie. Due 1o cammerelo! voriations In compasition and
to manulacturing limitations, they thould net be used for specification purposes. See applicable A.5.T.M. specification refarences.
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COPPER ALLOY No. 715 (continueq)

Forms and Tempers Annesled Tempers

Rolled or Drawn Tampers Hot N
Most Commaonly Used

Finished . j
Tampers

Nominai Grain Size mm

Drawn — General Purposa (1}
Light Drawn — Bending (3)

100
070
050
035
025
015
Soft Annaal
Light Anneal
Eighth Hard
Quarter Hard
Half Hard
Three Quarter Hard
Extra Hard
Spring
Extra Spring
Hard Drawn (2)
As Hot Rolled
As Extruded
Special Tampers

Hard

Strip, Rolled B-..-...... N PR [ P T T I T AR A, .
Strip, Drawn G- ... voniiiiin i cin L L I
Flat Wire, Rolled F-- -« -« oo i i i e e seeaanriannahevenidnennn.
FLAT Flat Wire, Drawn 8. .. ... ... ... .o oaia oo !
PRODUCTS Bar, Rolled f------.. T
Bar, Drawn ff-......... N O
Sheet J.. -+ vvvvniianean [ TP RPN [ I I I AT I
Plate J- .- - v vt ii it inan et et et e a e A S
RODQR.............. R L Y H S K
WIREER........... e T PR A N
TUBEY......... PO TR TR e D DU R A ..
PIPEN....... P . e e rreeean e TP R )
SHAPES B---- . v i iiiiinniiane F O
1. DRAWN — GENERAL PURPOSE temper is used 2. HARD DRAWN temper is used 3. LIGHT DRAWN - BENDING temper is
for general purpuse tube onily, usually where thete only where there is need for a tube used only where a tube of some stifiness, but
is no real zequirerent for high strength or hardness on as hard or as strong as is commer- yet capable of readily being bent {or other-
the one Land or for bending qualities on the other. cially feasible for the size in question. wise moderately cold worked) iy needed.
Mechanical Pronerties Yiold Strangth Elangs-
' Tensila | (.5% Ext. tion Hockwall | Shear Fatigus
Siza Strangth | under Load)| (.2% Offset)] N2iN. | Hardness {Strength Strangth
Form Saction Tamper "
Million
in, ksi ksi ki % ksi Cycles
FLAT ;
PRODUCTS 1.0 in. As Hot Rolled ..... 55.0 20.0 e 45 - 35 - .
TUBE §1.0in.OD|.025mm ......... 50.0 25.0 NN 45 |BO 45 -
| x.065ix
45in,OD[.035mm ......... 54.0 eeas e 45 (77 36 -
f X .10% in .
ROD }l.0in, Half Hard (20%;. ... 75.0 70.0 RN 15 - 80 - . . ) .
The values listnd above rep I rea ble aupproximations syitabls for genaral snginesring use, Due ta cammarcial variations in compositlon and
198 to manufacturing limltations, they should not be vsed for specification purposes. See applicabla A.5.T.M. specificaticn referencas.




COPPER ALLOY No. 725

i

Composition — percent

Nearest Applicable A S T M Specifications

Nominal | Minimum { Maximum
Copper 88.2 e cens
Lead -.05
iron v PO 6
Zinc P e 50
Nickel 9.5 8.5 i0.5
Manganese e caes 20
Tin 2.3 1.8 18
Copper + Elementis
with Specific Limits R 96.8 e
Y ’-"1

Physical Properties

English Units C. G. 8. Units
Melting Point (Liguidus) 2065 F 1130 C
! Melting Point (Solidus) 1540 F 1060 C
Density 321 Ibjeu in @68 F 8.89 gm /cucm @ 20 C.
Specific Gravity . 8.89 8.89
Coefficient of Thermal Expansion e per*F from 68 F to 212 F per°C from20C to 100 C .
Coefficient of Thermal Expansion per*F from 68 F to 392 F per°C from20C 10200C . ‘.f
Coefficient of Thermal Expansion 0000092 per*F from 68 F to 572 F 0000165 per®C from20C to 300C | 4,
Thermal Conductivity 31 Btufsq ft /it fhr /°F @ 68 F .13 cal fsq cm jem fsec [°PC @20 C
Electrical Resistivity {Annealed) © +.94.3 Ohms (circ mil /it Y@68 F 15.7 Microhm-cm @20C
Electrical Conductivity* (Annealed) 11 %IACS@ 68 F 064 Megmho-cm" @ 20C
Thermal Capacity (Specific Heat} ~ 09 Btu/lb°F @68 F 09 cal fem /°C @20 C
Modulus of Elasticity {Tension) 20,000,000 psi 14,000 Kg /fsq mm
Modulus of Rigidity 7,500,000 psi o 5,250 Kg /sq mm

*Voldme Basis

Typical Uses

Relay and switch springs, connectors, brazing
#lloy, Ilead frames, control and sensing bellows

Common Fabrication Processes

Blanking, Brnzing, coining, drawing, etching, formjﬂg and
bending, heading and upsetting, roli threading and knurling,
shearing, -spinming, squeezing, stamping and swaging

Fabrication Properties

Capacity for Being Cold Worked . . .. ... .. .- .Excellent Suitability for being joined by:
Capacity for Being Hot Formed . ....... . . . .Excellent Soldering. -« oo inr il ans e Excellent
Hot Forgeability Rating (Forging Brass=100} .. . . ... .. BraZing «vvvvcneinnriinninannen . Excelient
Hot Working Temperature . . . . 1350-1750 F or 850-950 (. Oxyacetylene WelGing - «vcvnencrnrnnarnes Fair
Annealing Temperature. . . , ., 1200-1475F or 650-800 C Gas Shielded Are Welding . -« vovvoevnvunnn Good
Machinability Rating (Free Cutting Brass =100}, . . . .. 20 Coated Metal Arc Welding - -+ vvvvevnnnt.n Good
: Spot . Excellent
Resistance Welding Seam .. .ieiiiaies Good
Butt «ververnannsos- Excellent

The volues listed above represent Teasanable dpproximations sulioble for general engineering use. Due 1o cammercial voriations in compasition ond
ta manwfaciuring limitations, they should not be used for specifization purposes. Ses applicable A.5.T.M. specification references. :
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COPPEE ALLOY No. 725 (continued)

Forms and Tdmpers

Annsalsd Tempers HRolled or Drawn Tempars Hat .
Most Commonly Used | Finishad )
) o Tempers
. 3 =
B Nomical Grain Size mm 3 Z
- 5 0
5 < §
b e . @ P
I - Qg |f
8 2| 3 32 § € £ o6 5 gl 6
g £ T 2 ] 1 B B2 33k
c é . = [=] T :3‘ 5 O E ] -
< s & T g g D 5 % |=E
sggege|lesE|2 8 s Bz ff: gz oE[f 9
=9 88835588 & FE X & 5 F 3|2 208

m

Strip, Drawn
Flat Wire, Rolled

FLAT Flat Wire, Drawn
PRODUCTS Bar, Rolled
Bar, Drawn
Sheet
Plate
ROD
WIRE
TUBE
PIPE
SHAPES
1. DRAWN — GENERAL PURPOSE temper is used 2. HARD DRAWN temper is used 3. LIGHT DRAWN -~ BENDING temper is
for genernl purpose tube only, usually where thers only where there is need for a tube used only where a tube of some stiffness, but
iz no real requirement for high strength or hardness on a8 hard or as strong as is commer- yet capable of readily being bent (or other-
th: ‘one hand or for bending qualities on the other. cially feasible for the size in question, wise moderately cold worked) is needed.
Mechanical Properties Yield Strangth Elanga-
Tensile | (5% Ext, tion Rockwall Shear Fatigue
Size Strength | under Load}{ (,2% Offsat}{ N 2in. | Hardnass [ Strength Strangth
Form Section Tamper .
. Million
in, ksi Kksi ksi % F 30T ksi ksi Cycles
FLAT 040in. [O15Smm .......... 55.0 R 220 35 - 42 44 ... P
PRODUCTS Eighth Hard ........ 58.0 Cens 43.0 29 - 65 60| ... .
Quarter Hard . ...... 55.0 53.0 58.0 18 - 71 -1 ... cas .
Half Hard ....... ..} 710 65.0 69.0 6 - 78 -1 ....
Three Quarter Hoed .. § 77.0 cees 75.0 5 - 81 -] ....
Hard ............. 830 75.0 81.0 3 -85 | ....
ExtraHard........ 87.0 81.0 86.0 2 - 88 —~] ....
Spring . ..... vevs..| 910 | 830 90.0 1 -9 -|....
Super Spring ....... 1120 520 108.0 1 - 99 -1 ....
WIRE [ .080in. [01Smm .......... 600 | 252 B R N TL TN [
Quarter Hard (20%}..} 800 S I R R
Half Hard (45%) ....[ 900 | .... T PSR e U
Extra Hard (75%) ... [ 100.0 R e [
Extra Spring (90%). . . | 110.0 T N U
Super Spring (99%).. . | 120G S A [
The volues listad gbove represent recsonable approximotions suitoble for general englnesring use. Due to commarcial variatfons in composition and
200 10 facturing limitations, they thould not be vaed For spacification purposes, Ses opplicable A.5.T.M, specificaticn references.
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COPPER ALLOY No. 745 (NICKEL SiLVER, 65-10)

Composition — percent

Nearest Applicable A 8 T M Specifications
Neminal | Minimum | Maximum =
Flat Products B122, B151
Copper 63 63.5 68.5% Pipe
Lead 0%
Iron R .. 25 Rod B15i
Zinc 25 Remainder Shapes
Nickel 10 2.0 11.0 Tuhe
Manganese 50 )
Total Other Elements .50 Wire B206
* In the case of rod and wire, maximum copper
is 66.5% and maximum lead is .05%.
Physical Properties
Engtish Units C. G, 5, Units
L ey o |
Melting Poin{ (Liquidus) 1870 F 1020 C
Melting Point {Solidus) F C
Density 314 Ibjcu in @68 F B.69 gm feu cm @ 20 C.
Specific Gravity 8.69 8.69

Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Thermal Conductivity
Electrical Resistivity (Annealed)
Electrical Conductivity* (Annealed)
Therma! Capacity (Specific Heat)
Modulus of Elasticity {(Tension)
Maodulus of Rigidity

* Volume Basis

per°F from 68 F to 212 F
per°F from68 F to 392 F
.00000%] per°F from 68 F to 572 F
26 Btu /sq ft /ft /hr °F @68 F
115 Ohms (circ mil /ft )@ 68 F
30%IACS@68BF
09 Btu /Ib°F @68 F
17,500,000 psi
6 600,000 psi

Typical Uses

per°C from20C to 100 C
per°C from 20 C to 2N0.C
per°C from20C to 300 C
cal [sg em fem fsec [*C@20C
Microhm-cm @ 20C
Megmho-ctn @20 C

cal fgem /°C @20C

Kg /sg mm

Kg fsq mm

0000164
11

19.2
0522
.09
12,300
4,600

HARDWARE: rivets, screws, slide fasteners
OPTICAL GOODS: optical parts
MISCELLANEOQUS: etching stock, hollow ware, name vlates, platers® bars

Common Fabrication Processes

_ I Blanking, drawing, eiching, forming and bending,
heading and upsetting, roll threading and knurl-
ing, shearing, spinning, squeezing and swaging

Fabrication Properties

Capacity for Being Cold Worked .............. Exceflent Suitability for being joined hy:
Capacity for Being Hot Formed .........cvvvinnen. Poor Soldering ......ccoievmneeerrann +... Excellent
Hot Forgeability Rating (Forging Brass = 100} ........... Brazing ....... e e Excellent
Hot Working Temperature.............. For....... C Oxyocetylene Welding  ................ Good
Annealing Temperature . ....... 1100-1400 F or 600-750 C Gas Shielded Arc Welding ........ e Fair
Machinability Rating (Free Cutting Brass=100)......... 20 Coated Metal Arc Welding ..... Not Recommended
Spot ...t i Good
Resistance Welding Seam ..........cii0innnn Fair
But ....... e thaaaa Good

The volues listed cbove represent reasonable approximalions suilable for general engineering use. Due to commercial voriations In composition ond
to manufocturing limitationt, they sthould nal be used for specificolion purposes. See applicabie A5.T.M. specification referances,

(Conlinued on other aide)
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@@p@pgﬁ ALLOY No. 745 (continued)

_ Annealesd Tampers Rolled or Drawn Tompars Hot -
Most: Commonly Used Finishad it
: = Tempars :
1 g 2
gMominet Grain Stze mm § £z
A _g E -g
" 1]
= - F E 8 iy §
8 § T i‘i - g b E 3 : 3|3 X 5
e | £ B & E | & EBElad B|E
g4 58 § ¢ a e O O |« 13
o o a8 w W oW £l 2 E = &8 - g F ;s §F ¢ z|2 2|
e R O B & &8¢ g1 e 3 5§ £ § K B kK B o3 §.
" 3338 34 g 6 2 £ 3 4 & dasd Fla q

Strip, Rolied § - - -
Strip, Drawn §
Flat Wire, Rolled B

.. FLAT ‘< Flat Wire, Drawn g
PRODUCTS Bar, Rolled §
Bar, Drawn
Sheet §
Plate
.-ROD
-WIRE
TUBE
PIPE N
SHAPES § Yy
1. DRAWN — GENERAL PURPOSE temper is used 2. HARD DRAWN temper is used 3. LIGHT DRAWN — BENDING temper is
for general purpose tube only, usually where thege only where there is need for a tube used only where a tube of some stiffness, but
is no real requirement for high strength or hardness on as fard or as strong as is commer- yet capable of readily being bent {or other-
the one hand or for bending gualities on the other. cially feasible for the size in question. wise moderately cold worked) is needed.
‘Mechanical Properties Yield Strength Elonga-
Tonsile | {5% Ext. tion | mactwent | Shear Fatigue
. Siza ) Strongth | under Load){ {.2% Offset)| N2 in. | Hardness {Strength Strength
Form Saction Tempay .
. Million
: in. ki kesi kesi % E | B 13["- kesi Cycles
m_—_n_m
. FLAT J.040 in, O70mm ......... 49.0 18.0 P 49 67 22 30 .... e veen
PRODUCTS 050mm ,........ 51.0 19.0 e 46 71 28 347 ., ..
O35mm ,,....... 530 20.0 RN 43 76 35 38} 41.0
025mm ......... 56.0 23.0 RN 40 80 42 44| ... .
DI5Smm L....... 60.0 28.0 RN 36 85 5251} ....
Eighth Hard .. ... 60.0 35.0 R 34 - 60 55| 43.0
Quarter Hard ... .. 63.0 45.0 e 25 - 70 63| 45.0
Half Hard ........ 73.0 60.0 RN 12 - 80 70| 50.0
Hard ............ 84.0 75.0 e 4 - B9 76| 53.0
Extra Hard ....... 95.0 76.0 e 3 - 92 78] 59.0
‘WIRE {.080 in. O070mm ......... { 500 50 - - =] ... »'f\"
050mm ......... 1520 F ..., 48 |- - ~1 .... :
035mm ........ P T 1 I S 45 - - -1 ..o L.
A25mm ... ... 58.0 40 - - =1 ...
Ol5mm ......... 63.0 35 - - - ..
Eighth Hard (10%). . 65.0 25 - = =1 ...,
Quarter Hard (20%) . 72.0 i0 e
Half Hard (37%) .. 850 7 - - =19 ....
Hard (60%)........ 105.0 5 -~ - -
Extra Hard (75%)... 4 120.0 3 - - =1...
Spring (84%) ...... {1300 . ; 1 - - - . . A
4

Ths values listed above raprasant 1 ble cppraximat] itable for ganeral anginesring wie, Due 16 commercial veriations In composition and

202 to manufaciuring limitations, thay should not be used for specificalion purposes. Ses applicable A.5.Y.M. specificatidn references.




COPPER ALLOY No. 752 (vickeL SILVER, 65:18)

Composition — percent - PN
Negrest Applicable A S T M Specifications

Nominal { Minimum | Maximum e
Flat Products B122, Bi51, B206
Copper 65 63.0 66.5 ‘ Pipe
Lead JgJo*
Iron 25 . Rod B151
Zinc 17 Remainder ’ ‘ . Shapes
Nickel 18 16,5 19.5 ' Tube
Manganese vea P .50 : Cow . e e
Total Other Elements § ... | .... 50 .. Wire | B206
* In the case of rod and wire, maximum
lead is .05%
Physical Properties ) o
) English Units . C. G. S. Units
; Melting Point (Liguidus) 2030 F 1110 C
Melting Point (Solidus) 1960 F 1070 C
Density 316 lbfecu in @68 F o 8.73 gm /cucm @20 C.
Specific Gravity 8.73 T - 8.73 R
Coefficient of Thermal Expansion per°F from 68 F to 212 F per®C from20C to 100 C R
Coefficient of Thermal Expansion per°F from68 F to 382 F per°C from20C to 200 C ¢ ... -
Coefficient of Thermal Expansion 0000090 per°F from68 F to 572 F 00001462 per°C from20C to 300C - -+
Thermal Conductivity 19 Btu /sq ft /it /hr /F @ 68 F . .08 cal [sq em Jem [sec ,v"‘ cexc .
Electrical Resistivity (Annealed) 173 Ohms (circ mil /it )@ 68 F | ¢ 287 Microhm-cm @20C *. & .
Electrical Conductivity* (Annealed) - 6.0 %IACS@ 68 F C .0348 Megmho-tm. @ 20 C
Thermal Capacity (Specific Heat) 09 Btu/lbF @68 F ' .09 calfgm /°C @20 C
Moduius of Elasticity (Tension). 8,000,000 psi 12,700 Kg /sq mm :
Modulus of Rigidity . rs‘goo’oog psi - . 4,800 Kg/sq mm

* Volume Basis

Typical Uses

HARDWARE: rivets, screws, table flat ware, truss wire, zippets
OPTICAL GOODS: bows, camera parts, core bars, temples e
MISCELLANEOUS: base for silver plate, costume jewelry, etching - -
stock, hollow ware, name plates, radio djals

Common Fabrication Processes

b C
’ Blanking, drawing, etching, forming and bending,
heading and upsetting, roll thréading and knurl- .
ing, shearing, spinning, squeezing and .swaging
Fabrication Properties _
Capacity for Being Cold Worked ............... Excellent Suitability for being joined by: :
Capacity for Being Hot Formed ................... Poor Soldering. . ........... e Excellent
Hot Forgeability Rating (Forging Brass= 100). ............ Brazing .............. R Excellent
Hot Working Temperature ............. For....... C Oxyacetylene We ldmg P Good
Annealing Temperature , ... 1100-1400F or 600-750 C Gas Shielded Arc: Welding: ..., ............ Fair
Machinability Rating {Free Cutting Brass=100)......... 20 Coated Metal Arc Welding . . ... Not Recommended
. ii Spot ... ... Good
Resistance Welding Seam ... ..., Fair
1 Butt .. .. ... Good

The velues listed ghove represent recsenable opproximations svitable Far generg) angineering use. Due 1o commercial voriotions in composition and
12 manufacturing limitations, shey sheuld not be uvied far specification purposes. See opplicoble A.5.T.M. specificotion references.
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_ COPPER ALLOY No. 752 (continued)
Forms and Tempers Annsaled Tempers Rolled or Drawn Tempers Hot
Maost Gormmonly Usad ! . oy Finished )
R I . : iy Tempars
R L e S R AT R T TN ML IS T T p R o on ‘E E
Nominal Grain Size mm § E
2 € E
I E 8 O 2
Y
- T ® g &5 £ E 3
i E[F 2 5 p £o-% i|s BlE
gl 5§ §°< - a | 5§ a6l% g '-'-;
. gROggggé-'g:@'Eggg%E%,Iﬂm“
=§88835a5(d s EfFEFES ET|a g8

Strip’Roued TR ' EEERY EEREEE DO TRY TSR [ O ......l ............
Strip, Drawn f +« - - - - e ea et .
FlutWire,Rolled T Y IO IR I B R TR &, I I T
FLAT Fln[Wire,Drawn e T I
PRODUCTS Bar' Rolled f ---+verenevenns N T R R T T T Tt e e
Bar,Drnwﬂ cr s s ey ba s e B S T T T T S T T 1 ..... P P .
Sheat B -+ viviinranriinreanfivens P IR R R T T L I I R
1 N h Plate . rhareraaaar el it s arrearsrarnararar g e dien
o RODE . . e AP VRR Ve e e, | RPN 4 ......
WIRE N RN TR Y ORI Y PN [ R I vae e
3 £ T Y R I
. PIPE§----.. O DA cee el
vl SHAPES B - vvevsuenanns R e e e P ’“i‘
1. PRAWN — GENERAL PURPOSE temper is used . 2, HARD DRAWN temper is used 3. LIGHT DRAWN - BENDING temper is
for gencral purpese tube aaly, usually where there | - only where there is need for o tube used oply where a tube of some stiffness, but
is no real requirement for high sirength or hardness on as hard or as strong as is commer- yet capable of readily being bent (or other-
the one hond or for beading qualities on the other.' - cially feasible for the size in question. wise moderately cold worked) is needed.
Mechanical Properties . ’ Yield Strangth Elonga-
Tensile {.5% Ext, tion RAockwell Shear Fatigue
Strangth | under Load)| (.2% Offsat}| in2in. | Hardness |Strength Strength
Temper "
Miilion
ki kst ksi % ksi kesi Cycles
il . F| 8 ]307 l
FLAT J.040 in, D35mm ... 0L ) 580 25.0 40 185 40 -
PRODUCTS O015mm ........ | 600 30,0 e 32 (90 55 -~ .
Quarter Hard . .. ... 63.0 50.0 e 20 - 73 65
Half Hard ........ 74.0 62.0 v 8 - 83 72
Hard ........ Ve 85.0 74,0 P 3 - 87 75 .
ROD §.500in. [.035mm ........ o 56.0 25.0 e 42 j- - - .
Half Hard (20%) ... 70.0 60.0 e 20 - 18 -
WIRE #.080in. 035mm ......... ] 580 25,0 45 i ceed Ty
O5mm .7...... |760,0 | 300 35 e R A
Quarter Hard , ", ... 73.0 65.0 s 6 [~ - -
Half Hard........ . .836.0 |- 800 N 7 - = -
Hard .......... . | 103.0 90.0 v 3 - - =

Tha values listed above represent reasonable opproximactions suitcble for general snginssring use. Due 18 commarclal varictions in composhion and
204 ta mamvfociudng limitarions, they thould not ba vsad for spacification purposas, Sea opplicabls AS.T.M., ipecificatidn referances.




COPPEﬁ ALLQ‘{‘ No. 754 (NICKEL SILVER, 65-15)

*-«‘»ﬁ

' ‘omposition — percent
: Nearest Appllcable A S T M Spemﬁca"tlnns

Nominal | Minimum [ Maximum
Copper 65 63.5 66.5
Lead cielep oo 10
Iron [ ... .25
Zinc 20 Remainder
Nickel 15 14.0 16.0
Manganese cen e 50
Total Other Elements R v 50
[

Physical Properties. ) . : e ‘ \
English Units . : C.G. S. Units

Melting Point (Liguidus) 1970 F a 1075 C
Melting Point (Solidus) 1900 F . . 1040 C
Density 314 1bfcu in @68 F . B.70 gm feuem @ 20C.
Specific Gravity 8.70 8.70
Coefficient of Thermal Expansion per °F from 68 F 10212 F . per®C from20C 10100 C
Coefficient of Thermal Expansion per°F from68 F to 392 F " | L. per°C from 20 C to 200 C
Coefficient of Thermal Expansion 0000090 per°F from 68 F to 572 F [ 0000162 per=C from 20C ta 300€
Thermal Conductivity 21 Btu /sq ft /ft /hr [°F @ 68 F 1. 09 cal /5q cm fem fsec PC@ 20 C
Electrical Resistivity {Annealed) 148 Ohms (circ mil /ft )@ 68 F 24 6 Microhm-cmm @ 20C
Electrical Conductivity*® {Annealed) 7.0 %IACS@68 F 0406 Megmho-cm @20 C
. Thermal Capacity (Specific Heat) 09 Biu /In°F @68 F 09 cal jgm /°C @ 20 C
Modulus of Elasticity {(Tension) 18,000,000 psi 12,700 Kg /sq mm .
Modulus of Rigidity 6,800,000 psi 4,800 Kp/sq mm

*Volume Basis

Typical Uses

OPTICAL GOODS: camera. parts, optical equipment
MISCELLANEOUS: etching stock, jewelry . e
Common Fabrication Processes T

Blanking, drawing, etching, forming and bending,
heading and upsetting, roll threading and knurling,
shearing, spinning, squeezi.ng'_ am_ir swaging

Fabrication Properties . - i

Capacity for Being Cold Worked . . . . . . . .. Exceilent - Suitability for being joined by:
Capacity for Being Hot Formed . . . . . . ... .. Poor Saldering . . . . . . .. .. .. . . . Excellent
Hot Forgeability Ratiig (Forging Brass=100). . . . . . . . ) Brazing . . . . . . . . . ... Excellent
Hot Working Temperature |, |, , , . . . For..... c : Oxyacetylene Welding . . . . . . . .. .. Good
Anpealing Temperatire, |, | . 1100-1500F or 60D-825C ' Gas Shielded Are Weldmg .+« .+ . . . . . . .. Fair
Machinebility Rating {Free Cutting Brass=100) . . . . . 20 Coated Metal Arc Welding . . . Not Recommended
Spot . oL 0o . Good
Remstancc Welding Seam . . . .. ... Fair

Burt - - . . . . . ..o Good

The votuer Fisted obave rupreseat remscnoble opproximotions suitokle for general engineering ute. Due 1o commersial voriglions in composition and
ta manufacturing limitations, they should not be wvied for specificotion purposes. See applicoble A5.T.M. apecification references.

(Continued on cther side) 205




. COPFER ALLOY NO. /94 (Continued)- — -

‘Forms and "l‘erﬂpers;1 BELEL e Gk lAnnulld T-mpm _ " Holled or Drawn Tempers Mot
\ Mot Commcmly Used ' Finishad| ~
£ = Tampers
I )
} Nominal Grain Size mm ;. g
' C T & 2
z t = i; i
: = 1 T . E 13 § T € E TLE
4 : ! £l 3 X ow § B £ © 3 BI1% R I
: IRIEE R K N Fi1HE -
: < £ . .- 2 S1e
C Yseemeelssl i iy iEiEiosiiild
mna8acagd|d e E 2 E F LS 2 S|e 2
Strip, Rolled” "".'J‘.'_e.”.'i".._q'.&..o.' ...... R T S S OO SR A §
) , . S[np,j_)rawn PN P Y S M Pean
L - | Flat Wire, Rolled 8 - ... ... ool P P P
" FLAT . FIAT Wire, Drawn ....... . Y AR i
PRODUCTS Bar, Rolled ............................................... e
Bar,Drawn f ... .. .ciivintn P O
“Sheet § -......... Y P P
Plate § - - oo e
ROD P R Y T .
WIRER - cinienneiiinnnnn, . DY O R
) TUBEJ ..t iiiiiiiiiiitiniaeearnannens e Y P
. L 1 Y e e
. «’ i -'-"S__HAPES D R AR R R R PR PRI SRR SRR
1. DRAWN — GENERAL PURPOSE temper is used 2. HARD DRAWN temper i used 3. LIGHT DRAWN — BENDING tempt
for general purpose tube only, usually where ‘there - only where there is need for a tube used only where a tube of some stiffness, v..”
is no real requirement for high strength ‘or hardness on as hard or os strofig as is commer- yet capable of readily being bent {or other-
the one hand or for bending qualities on the mher. cially feasible for the size in question. wise moderately cold worked) is needed.
Mechamcal Propemes / T Yisld Strength Eionga-
o ;] Tansile ¢ {EX Ext. ) tion Rockwail | Shaar Fatigus
h s Sln .. |.Strength i under Load}] {.2% Offset]| in2in. Hardness | Strength Strangth
Form.i Ch _
' Million
ksi i % el g izoT] &8 kai I Cycles -
_ . - y #—M
FLAT K L S—_—
PRODUCTS § .040in, |070mm ..,... L....| 530 i8.0 e 43 69 - 27
O50mm |, ........ D1 190 ) ..., 42 73 - 331 ....
03Smm ,......... 077 2tin 40 79 - 41| 41.0
025mm ., ........ K 24,0 ]l --.. 37 82 - 46| ....
. 0l15mm ... ; 280 1 ... 34 89 ~ 53} ....
: Eighth Hard . . .. - . 35.0 e 30 - 60 55 43.0
Quarter Hard . ...... © 650 49°0 e H - 70 63 440
Half Hard,..,...... 74.0 62.0 e 10 - B0 70| 47.0
Hard ............. 85.0 75.0 cees 3 - 87 75| 52.0
Extra Hard ..... el 92 0. S79.0 ] L 2 — 90 77} 54.0
b
i 7.," N i
Tha vnh.ml listad nbcu rlprlunt [ . anabl approximat] itable-for g | enginsuring vie. Dua 1o commaercial variatiens in compasition and
206 to "‘“““f"‘-'k‘ft"ﬂ |ll‘h"ﬂllu 'v should ‘nol be uied for lpoaﬂmﬂon purpaies. See upphwbla A5.T.M. spacificotian refurances. .
- - — - s - -




Compasition — percent i

Nomisal | Minimum | Maximum %

{ Copper | 65 £3.5 »
“Lesd | ... LT
Iron e
© Zinc 23
" Nickel 12
Manganese
Total Other Elements

L)

Physical Properties.

English Units ' L . C. G, 5. Units
” Melting Point (Liquidus) 1900 ¥ - R cofe 1040 € s e
© Melting Point {Solidus)} r ) . R BT C.
Density ‘ 314 ib [ou in @68 F e o B.69 gm [cu £m @70 C
Specific Gravity 8.69 o A B 1)
Coefficient of Thermal Expansion per°F ‘from 68 F to 212 F per*C fmm W0 Cto 100 C
Coeflicient of Thermal Expansion per°F from 68 F to 392 F per®C-from 20 C to-200:C
Coeflicient of Thermal Expansion 0000090 per°F from 68 F to 572 F .0000162 per°C from20C to 300 C
Thermal Conductivity 23 Btu fsq ft /ft /hr /*F @68 F .10 cal fsq cra Jem fsec ,v“’C @z20cC
Electrical Resistivity (Annealed) 130 Ohms (circ mil /ft )@ 68 F “" 21.6 Microhm-ctii @20C" ¢
Electrical Conductivity* (Annealed) 80 %IACS@68F ‘ i 0464 Megmho-cm @ "’0 C
~“Thermal Capacity {Specific Heat) g Btu /b °F. @ 68 F o el w09 cal fgm ,J'° 2 ”ﬂ C
Modulus of Elasticity (Tension) 18,000,000 p51 ’ - 12,700 Kg Isq mm. .-
Modulus of Rigidity 6,800,000 psi . o 4,800 Kg fsg mm

* Volume Basis

Typical Uses :

HARDWARE: slide fastenérs - |
OPTICAL GOODS: camera parts, optical parts : e
MISCELLANEOUS: etching stock, name plates =~ " . .

Common Fabrication Processes
Blanking, drawing, etching, forming and bending,

heading and wupsetfting, roll threading and knurl-
ing, shearing, spinning, squeezing and swaging

Fabrication Properties’

Capacity for Being Cold Worked .. ............ Excellent ; Suitability for being joined by:
Capacity for Being Hot Formed ,.................. Poor .- CBOlABTINE. vttt i Excellent
Hot Forpeability Rating {(Forging Brass=100) ........ I ' Brazing .....c.uuviiinennnens Teenn Excellent
Hot Working Temperature , ., .......... For........ [ Oxyacetylene Weldmg ................... Good
Annealing Temperature ., ... ... 1100-1500 F or 600-825 C ;- Gas Shielded Arc Welding ..... T Fair
Machinability Rating (Free Cutting Brass=100) ... . ....20 : Coated Metal Arc Welding . ... .. -Not Recommended
' Spot’ . ....., e . Good
Res;_stance Welding Seam ...... el e Fuair
. Butt .............cvvn.. Good

Thl v::luu listed obave represent reasaachle npprnxlmnlmm nuhnl:[u far ganernl enginur!ng uie. Due te :ummur::ul vannrlnnl in composition and
ta manvfaciuring limitations, they should not ke vsed far specificalion purposes. See applicable 5.5.T.M, specilication séfarences.
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COPPER ALLOY No. 757 (Continued)

Forms and Tempars . .
Most Commonly Used "

R w2l

Strip, Rolled §
Strip, Drawn § - .
Flat Wire, Rolled ff . . .
Flat Wire, Drawn § ...
Bar, Rolled §
Bar, Drawn §.
Sheet §
- Plate §
RODH...
WIRERK ...

FLAT
PRODUCTS

1. DRAWN — GENERAL PURPOSE {emper is used

for general purpose tube only, usually . wherg thers

is no real requirement for high strength or hardnzss on

the one hand or for bending qualities on’ the aifier,.

Mechanical Propertias |

‘Annsaled Tampers

Thrna- Quarter Hard -

Soft Anneal
Light Anneal
Eighth Hard
Cuarter MHard

Half Hard
Hard: -

2. HARD DRAWN temper is used
only where there is need for a tube
--as hard or as strong ns is commer-
cially feasible for the size in question.

Roltsd ar Drawn Tampers

Extra Hard

Hot
Finished

_3 Tempers

. il

& 2

.

s T i
g$“=§35
,3‘75§Eg:
.E‘EEQEEEE-
&8 &6 £ 3la 2

3. LIGHT DRAWN - BENDING temper is
used only where a tube of some stiffness, but
yet capable of readily being bent (or other-
wise moderately cold worked) is nesded.

Yiold Strangth Elonga-
Tensita | (6% Ext. tion Rockwals Shaar Fatigus
Size Strangth | under Load)| (2% Offget)] in2in. | Hardness |Strength| - Strangth
Farm Sectlon Tampsr o . )
Co Million
in. ksi ki ksi - % F] 8 Iam- ksi keai I Cycles
FLAT §.040in, O00mm ,...,.... 52,0 18.0 48 69 22 27 ....
PRODUCTS 050mm ......... | 540 19.0 e 45 73 30 33} ... .
O35mm ,..,..... | 560 21.0 42 78 37 38| 410 o .
: 025 mm ..,....00 ] 590 240 ) L 38 B2 45 44 ...} e eaie oy
D5mm ,........ 61.0 28.0 35 B8 55 5171 ....
Eighth Hard , . ,.... 60.0 35.0 32 - &0 55 43.0
Quartet Hard . ..... 65.0 45.0 e 23 - 70 63] 44.0
Half Hard ....... .| 73.0 60.0 vees 11 - 80 70| 470
Hard ............ ]| ‘850 75.0 4 - B9 75] 52,0 b .
Extra Hard........ 93.0 79.0 2 - 92 77| 56.0 R .
¥
208 The values ||llfld'uh'ov‘l reprassny r bl Imani ttable for ganeral anginasring use, Due to commerclol variotions in composition and

to manufacturing limitatlans, thay should not be used for ipecification purpotes, See applicable A.5.T.M. specificaticn rafarancas.




mp@%

L0 No: 770 (NIGKEL SILVER, 55-18)

*‘g_’(j{j}:position — percent

Nominal | Minimum | Maximum RTE '
R B122, B151,B206
Copper 55 53.5 56.5.
Lead § ... 0 ... | oo ST
bon § ... |..v | .as Bisl
Zine 27 1| ,Remamdcr : |
Nickel 18 16.5 19.5 4
Manganese e ceen 50
Total Other Elements f .. .. (. _._. 507

* In the case of rod and wire,
maximum lead is .05%

Physical Properties : '
English Units

Melting Point (Liquidus) 1930 F. & =
Melting Point (Solidus) F.. .. o
Density 314 b fcu in @68 F - : 870 gm fcu cm, @ 20C.
. Specific Gravity 8.70 B o ' 8 70 .
Coefficient of Thermal Expansion per °F from 68 F to 2]12 F o “C‘ from 20C to 100G ‘
Coefficient of Thermal Expansion per*F from'68 F to 392.F« [ ' from20C 10260 C « ~
Coefficient of Thermal Expansion 0000093 per*F from 68 F to 572F . | from 20.C to 300 c. .
Thermel Conductivity 17 Btu /sq {t /it /hr [F @ 68 F
" Electrical Resistivity {Annealed) 189 Ohms(circ mil fft Y@6BF - |+
Electrical Conductivity* {(Annealed) 55 % IACS@ 6B F '
Thermal Capacity (Specific Heat) .09 Bru/1b°F @68 F 1t .09 cal /pm /" c C 10 C
Modulus of Elasticity (Tension) 8,000,000 psi Y 12,700 Kgfsq mm &
Modulus of Rigidity r 6,800,000 psi . 7 Y 4,800 Ke/sq mm

® Volume Basis

Optical goods, springs,resistanﬁeliﬁiréi SR EE

Common Fabrication Processes ', |

P

Blanking, forming and bending, shearing © T

Fabrication Properties

Capacity for Being Cold Worked ................. Good Suitability for bemg joined by:
Cepacity for Being Hot Formed . ................. Poor Soldermg ........................... Excallent
Hot Forgeability Rating (Forging Brass=100) ... ......... oo Brazing oL Exiellent
Hot Working Temperature ......... ... For...... C + Oxyacetylene Welding ... .. e s Good
Annezaling Temperature . .. ., .. 1100-15S00F or 600-825 C . . Gas Shielded Arc Welding . ............. ... Fair
Machinability Rating (Free Cutting Brass= 100} ...... 30 - Coated Metal Arc Welding . ..... Not Recomm ended
o Spot e Good
Resistance Welding Seam .... ~. Fair
. Good

! Butt ...,

i

The valuos listed ohove repraent rearonoble approximations suitphly for ganaral saginesring uie. Dul 1o commercial variations in :nmnmlhnn ond
ta manufocturing limiratiers, they should nat be vied for specification purposes. Ses applitoble A.5.T.M. 1pecifization r-hr-ncn .

{Cantinued vn pther side) . ; ) 209
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AL!-@ ‘ NO. 770 (Continued). -

Form.,and “Tempars Aolied or Drawn Tampars Hot ...
Most Commonty Used Finithad
o Tampers
- -~ AN
[
§ E _._.»i'-_g-_g;" , a }
5 B
E £ g
r g . @
5 - & :§ = iy
] 5 = i £ e 12 ¢
IDIEEE N 9 5 E{f %
£ d § & O vl s B
< £ 8 T g 0.9 I'e g
mte Et E E = & 2 myeff @ ]
al& 3| & &6 2 E 6. 2 2 2
S I

Slnp, Roll
Strip, Drawh
_Flat Wire, ‘Rolled:

FLAT ‘Flat Wu'e Drawh
PRODUCTS Bdr Rolléd
Bar, Drawn

Sheet

Plate

ROD

WIRE-

TUBE

MR ” - "‘EPJPEH.
e SHAPES‘

. DRAWN — GENERAL PURPOSE lemper is used 2. HARD DRAWN temper is used 3. LIGHT DRAWN. —-BENDING- su.'m*-* Ty

far general purpose tube only, usvally’ where there only where there is need {or a tube used only where a tube of some suffness,Tbu;
is no real requirement for high strength ot hardness on © s hard or as strong as is commer- yet capable of readily being bent (or other-
the one hand or for bending .qualities .on the other. P _t_;iaﬂy-ﬁ:asible for lhe _size in question. wise moderately cold worked) is needed. .
Mechanical Properties - R Yield s:ungm Elonga- ST
LT Tensile | (5% Ext, tion Rockwelt | Shear Fatigua
Size L Strangth | under Loadi| {.2% Offget)| n 20, | Hardness | Strangth Strength
Form Baction .~ Tamper ' : ek
L T _ _ -Millicn
in. Co T ksi ksi R % |g | 8 |301- ksi ki | Cycles’
FLAT §.040in. O035mm ......... 60.0 21.0 A 40 90 55 -~ .... . v
PRODUCTS Hard .......... 1000 | “B5.08.1 .7, ... 3 - 91 77 .
ExtraHard ....... 108.0 90.0 25|~ 96 BO
Spring ........... 115.0 2571 99 81
WIRE J.080 in. 035mm ,..,..... 60.0 e e 40 - e = .
Spring (68%) ... ... 145.0 2 |- - -

Tha valuss lisied obove rcprn-." reasonoble npproximolions witoble for gensral enginesring use, Dua 1o 59"““'""“' voriations in comparition and
21 0 16 monvlactering limitations, thay should nor be used for speciticalion purposes. Ses applicable A.5.T.M, 1pacitication referencas.




L omwosinbn — percent
¥

Nominal
A

Minimum | Maximum

* Copper |-
Lead |~

% Nickel
" Manganese ceee
Total'Other Elements

Physical Properties

English Units

» Melting Point (Liquidus)
R i »:aMelung Pomt (Solidus)
: :t - Density

i Spec1ﬁc Gravity
Coeff17:1ent “of Thermal Expansion
Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Thermal Conductivity

Electfical Resistivity {(Annealed)
Elecirical. Conductivity® (Annealed)
Thermal-Capacity (Specific Heat)

. Mogulys.of-Elasticity (Tension)
Modulus of Rigidicy

*Volume Basis

1830 F

1780 ¥ :

314 1b jcu in @68 F
B8.69

0000103 per-aFf"fr'éi'n‘ﬁa F to 212F -

per°F from 6B F to 392 F
per°F from 68 F to 572 F
28 Bitu /sq ft /it /hr f°F @ 68 F
103 Ohms (circ .mil /it )@ 68 F
109 %IACS@68F
.09 Btu ,Ilb “F C 68 F
17,000,000 1351 .
6,400,000 psi”

Typical l;!k§é§ -

Key, blanks, watch plates, watch‘ parts

Common Fabrication Processes -

-.0000185 per' ¥

.from "BC 18 100 C

per"C from 20 C to 200C

per°C from 20 C t0.300 C

.11 cal /sgtm fem fsec PC@ 20 C
17.2 Microhm-cm & 20 C’-

+058- Megmho-cm @ 20 c

09 cal/gm f°C @20C,

12 000 Kg/sqimm s,

-’#500 I‘.g/sq T

' Blanking, milling, drilling
i
Fabrication Properties
Capacity for Being Cold Warked ... ... .0 ooiennon Good ‘ Suitability for being joined by:
Capacity for Being Hot Formed ....... .. .ot Poor SOIAEHNE. -« o v v e e e . . Excelient
Hot Forgiability Rating (Forging Brass = 100} « ..o o0 v tnes Brazing . ......iinir it s e Good
Hot Working Temperature ,............ For....... c Oxyacetylene Welding ........ Not Recommended
Anneglin:; Temperature .,,.... 930-1150F or 500-620 C Gas Shielded Arc Welding ... ... Not ‘Recommended
Machinatility Rating {(Free Cutting Brass=103)......... 60 Coated Metal Arc Welding, . .... Not:Recommended
: Spot ... ..... Not/Recommended
Resistance Welding Seam........ Not 'Recommandefi
Butt ..t iiir i ianrennas Fair
The values listed ohove represent rearonable approximations wwiroble for genwecl enginsering yse. Dur 10 commercial voriotions in tompasition and
ia munulu:iunng limitatians, they should-nol be wsed for :Fnﬂlr.elann Furposes Son npnh:al:-ln A S T M. :ptc-h:nt' efarances. .
(Continued on othe: aidé) - ’ e -' : B 5 21 1




FLAT
PRODUCTS

' Fprms and Tﬂmpers _
Most Enmhmnly Used

1. DRAWN — GENERAL PURPOSE temper is used
for generdl purpose tube only, usdally where there |

“is no real requirement foi high strength or hn:dness on '’
the one hand or for bendmg qualmes on :he ‘other, ..

Mechamcal Propemes

Form -}

PRODUC_TS

212

 FLAT

-Size
Section -

2040 1. |

. '{’hrn 'ﬂu.a”'lft:-nr.'Hard

2. HARD DRAWN temper is used”
only where there is need for a'lube .
as hard or as strong as is commer-

Tensile

‘| Srength

035mm 7, ., .., -53.0 .1+
SlOEsmm oL L "59.0-
-|. Quarter Hard ...... [ 62,0
1. Half Hard , “1-.69.0
*| 'Three Qumcr Hnrd [ 780
Hard...... ... .. .. "} 85.0
ExtraHard........ 91.0

{.5% Ext.
undsr Load)

230
7.0
420
© 58.0
63.0
73.0
76.0

Th' vn!un fisted obove rapresent reasonable upprnnimﬂlinnhmucu. h:r ae tmi angi

. Yield Strength

“cially feasible for the size in question.

. ‘seliad orDrawh Terngers

o

Draviti = Ganeral Purpc

3

Hai Qi‘a\un (¥3]

ht Dl_rg..wn = Banding (é)

As Hat Rolled

! E e L e
3, LIGHT DRAWN — BENDING tmpsili .

. -used only where a tube of some stiffness, but
“yet capable of readily. being ‘bent:“{0f":other-
wise moderately cold worked) is needed ¥

Elongs- :
tion Rockwall | Shear Fatigue
{.2% Offim)| In2in. | Hardness |Strength Strength
T R BLL I
E A0 TR~ i 400 R
© 32 85 - -] 430
24 -85 63; 44.0
12 - 78 691 47.0 .
..... 5 - 84 72] 51.0 e
4 |- 87 74 54.0
a --90 75f 58.0
1T
ey
ing ise. Due 10 an tial: vua i in ponition and

. In rnomdnzwrmo "mllﬂ!l\-"‘ rhty l.hauld naf tu vend for, |p¢cv!imi whrp rpo: l,-SDI ﬂwlltﬂhh A5, 1. Mf— Pﬂl""’"ﬂ" raferances,




