REVISED: JUNE 1976

AEROSPACE STRUCTURAL METALS HANDBOOK

AUTHOR: S.5. MANSON

1.0523

1.653
1.054
1.0541
1.05411
1.0542
1.055
L, 0551
1,0552

1.06

1.064

1.065

1.066

GENERAL
Monei alloy K-500 is a corrosion-resistant, nickel-
copper base alloy which exhibits high strength and

hardness through the addition of alumirum and titanium.

The increased properties result from the precipitation
of submicroscepie particles of Nig (Al, Ti) throughout
the matrix by heating of the alloy under controtled
conditions (aging). This alley has excellent low temp-
erature strength and toughness and is virtuatly non-
magnetic. Dimenajonal stability Is excellent in both
long time exposure and in ¢yclic tests, The alloy is
readily machinable in the annealed condition and it can
be joined by the usual welding, brazing and soft solder-
ing precesses normally employed for nickel-base
alloys (1). Monel alloy K-500 is available in a2 wide
variety of forms and sizes and is used for applications
requiring a combination of high streagth, ductility and
corrosion resistance (3)(7). A modified version of this
alloy, designed to provide improved machinability, is
available as Monel Alloy 501.

Commercial Designation
Monel Alloy K-500, Monel K-500, UNS N05500.

Alternate Desirnation
“K" Monel.

Specifications

Rods, forgings, bars - AMS 4676 (41),

Federal Spec, QR-N-286(Class A) (1).

Wire. Military Spec. MIL-W-4471 {Comp. A) {1).

Composition
Table 1.04.

Heat Treatment

Anpeal. 1600F to 1800F, 1 to 5 minutes, water quench
if possible, (See Figure 1.063).

Annealing should be performed in 4 reducing atmos-
phere-

An addition of 2 percent (by volure} of alechol to
quench bath will minimize oxidation and facilitate pick-
ling (3).

Age harden.

Soft material (75-90RB). 1100 to 1125F, 16 hours,
furnace cool to $00F, air cool or water quench te room
temperature (1).

Moderately cold worked material (§-25RC). 1100 to
1125F, 8 hours or longer, furnace cool to 900F, at
rate less than 25F per hour air cool or water quench
t¢ room temperature (1).

Full ¢old worked material (25-35RC). 980 to 1000F,

& hours minimum, furnace cool to 900F, at rate less
than 25F per hour air cool or water quench to room
temperature {1).

All heating above 1100F should be done in a reducing
atmosphere or severe surface damage may occur (1).
Thermal treatment for cold-coiled spring wire (12).
Stress equalizing. S575F, 0.5 to 1 hour, furnace cool.
Stress equalizing is not necessary when material is to
be age hardened,

Age harden. 10060F, 4 to 10 hours, furnace cool.
Thermal treatrment for hot-coiled spring wire {12).
Stress equalizing. Not recommended.

Age barden. 1100F, 8 io 16 hours, furnace cool.

Hardness

See also 3,0214, 3.02151,

Hardness at room and elevated temperatures of hot
finished and aged rod, Figure 1.061.

Effect of time at open amnealing femperature on hard-
ness, Figure 1.062.

Effect of annealing temperature on hardneas of water
quenched alloy, Figure 1.063.

Effect of time at 1080 to 1100F on hardress of bar and
forging, Figure 1,064,

Effect of aging time on hardness of hot ratled bar.
Fipure 1.065.

Hardness levels associated with various heat treat-
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NONFERROUS ALLOYS

ments after 60 percent cold rolling, and after hydro-

gen charging in sulfuric acid solution, Table 1.066. 66
Forms and Conditions Available 29
General. Alloy is available in most conventional forms

and sizes. 3

Forms. Available as rod, bar, sheet, piate, strip,

Cu
Al

tubing, pipe and wire. Also as specialty items. 0.5 Ti

Conditions. Annealed, hot finished (bar and red), hot

rolled {plate), cold drawn (bar, rod, tube and pipe),
cold rolled (sheet and strip), and extruded (tube). See
Ref. | for further details.

Melting and Casting Practice
Casting temperature range, 2650 to 2750F (8).

Special Considerations
Alloy is subject to moderate crevice corrosion, see

2,033,

Hydrogen can substantially degrade tensile properties,
but baking to remove hydrogen restores properties,
see 3.02171, 3.02172, 3.02173 and 3, 0236.

PHYSICAL AND CHEMICAL PROPERTIES

Thermal Properties
Melting range, 2400 to 2460F (7).

Phase changes. Alloy is fce at all temperatures and
is age hardenable,

Thermal conductivity, Figure 2,013,

Thermal expansion,

Thermal expansion, Figure 2.0141.

Thermal expansion at low temperatures, Figure
2.0142,

Specific heat.

Specific heat, Figure 2.0151.

Thermal diffusivity.

Thermal diffusivity, Figure 2,0161,

Other Physical Properties

Density.

Density, Figuare 2.0211.

Electrical properties.

Electrical Resistivity, Figure 2,0221.

Magnetic properties.

Permeability at 9.5 oersteds 1.002 + _001 {37, p.6).
Alloy shows no tendency to retain indeced magnetism
(remanence) (37, p.8)

Effect of permeability on Curie terop. for annealed,
cold drawn and age hardened alloy, Figure 2.0233,
Effect of strength level as achieved by several pro-
cessing procedures on permeability, Figure 2,0234,
A program has been conducted by Bureau of Ships to
determine the feasibility of using a combination of eddy
current tests and hardness to determine elongation
potential of K-monel bolt-studs used in submarine con-
struction. It was found that the eddy current test is
sensitive to numerous variables ineluding diameter,
heat treatment, bar finishing process and chemicat
compesition. The test could not be used to separate
the effects of the several variables, nor could it reli-
ably be used to predict acceptability of a given sample
with respect to ductility {38).

Emittance.

Normal total emittance, Figure 2.0241.

Damping capacity.

Chemical Environments

General, The corrosion resistanee of this alloy is
comparable to that of Monel 400 in a wide variety of
media including mineral and organic acids, alkalies,
salts, potable and industrial waters, food preducts,
organic compounds and oxidizing atmospheres at ror-
mal and elevatad temperatures (8). Alloy is not resis-
tant to oxidizing acids (8).

Temperature limits for various environments, Table
2,032

Alloy heat treated to Fiy of 95 ksi and e (2 in) of 17 per-
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cent has satisfactory corrosion fatigue resistance for
hydrofoil application, and is not susceptible to stress
corrosion eracking when stressed to 90 percent Fy.

It is, however, subject to moderate crevice corrosion
and exhibits relatively high erosion and cavitation metal
loss rates. These factors, together with the marginal
strength and the 1400F stress relief temperature re-
quired afier welding, resulted in the elimination of con-
sideration of alloy for hydrofeil application (38, pp 2.1,
2.2).

Effects of fluorine.

Response to gaseous fluorine at various temperatures
and flow states, Table 2. 0341.

Hydrogen effects. See 3,02171, 3.02172, 3.02173,
3.0236, 3.0274.

Nuclear Environments

Effect of radiation on tensile and notch properties,
Table 2, K1,

Effect of fast neutron jrradiation and cryogenic tem-
perature on tensgile properties of smooth and notched
specimens, Table 2.042.

MECHANICAL PROPERTIES

Specified Mechanical Properties

AMS specified mechanical properties for bars, forgings
arnd forging stock, Table 3.011.

Federal QQ-N-286, Military MIL-N-17506.

Specified properties of bar, rod, sheet and strip,

Table 3.012.

Specified properties of tube, pipe, plate and wire,
Table 3.013.

Mechanical Properties at Room Temperature

Tengion. See also 3.03.

Stress-strain dingrams. See Figures 3.03111 to
3.03114 and 3.031117.

Hardness - tensile property relations,

Approximate retationship between tensile properties
and hardness of age-hardened rod and forgings, Figure
3.02121.

Approximate relationship between tensile properties
and hardness of hot finished rods and forgings and cold
drawn rods, Figure 3.02122.

Approximate relationship between tensile strength and
hardéness of sheet and strip, Figure 3.02123,

Cold work effects.

Effect of cold work on maximum and minimum tensile
properties and hardness, Figure 3.02131.

Effect of work hardening and wire thickness on tensile
strength of wire rod, Figure 3.02132,

Aging effects. See also 3.0251, 3.0254.

Effect of aging temperature for 8 and 16 hr ages of
tensile properties of sheet, Figure 3.02141.

Effect of prior strain on tensile properties of sheet
after S or 16 hr age at 1090F, Figure 3,02142,

Effect of aging time on tensile properties of hot rolled
bar, Figure 3.02143.

Effect of short time aging at 1100F on tensile proper-
ties of cold rolled strip and hot rolled rod, Figure
3.02144.

Hydrogen effects.

Effect of hydrogen charging on teasile properties of
sheet eold worked and heat treated to various hardness
levels, Figure 3.02151.

Effect of hydrogen charging on tensile properties of
31.5RC skeet, and restoration of initial properties by
S00F bake for 24 hrs,, Figure 3.02152.

Effect of test temperature on tensile yield stress of
hydrogen-free and hydrogenated wire, Figure 3.02153.
Compressien.

Stresz-strain diagrams.

Compressive yield strength of rod, Table 3.0222.
Impact.

Charpy keyhole impact energy for hot=finished and celd
drawn bar with several heat treatments, Table 3.0231,
Charpy-V impact energy of specimens from several
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sizes of hot rolled rod. Table 3.0232,

Charpy -V impact energy of specimens from several
sizes of cold drawn rod, Table 3.0233.

Impact energy of alloy in several conditions of heat
treatment, Table 3. 0234.

Effect of aging time on Ized impact energy of hot
rolled bar, Figure 3,0235.

Eifect of hydrogen charging for 16 days on Charpy im-
pact energy of alloy in two conditions of hardness,
Table 3,0236.

Bending.

Torsion and shear.

Torsional properties of cold—-drawn spring wire, Tahle
3.0251.

Properties of helical spring wire in several conditions
of thermal treatment after cold coiling, Table 3.0252.
Tensile, hardness and shear properties of rivet wire
and hardness of rivets, Table 3.0253.

Tarsional shear properties of wire and rod in several
conditions, Table 3, 0254,

Skear strength of sheet in several conditions of heat
treatment, Table 3.0255.

Bearing.

Bearing strength of sheet in several conditions of heat
treatment, Table 3,0261.

Stress concentration. See also 2,041, 2.042.

Noteh properties,

Effect of section size on notch strength of alloy pro-
duced by several processes, Fipure 3.02711.

Relation between notch strength and ultimate tensile
strength for hot rolled, cold drawnm, and extruded
material containing an aluminum content range from
2.64 to 3.21 percent subjected to several heat treat-
ments, Figure 3.02712.

Relation between notch strength and smooth specimen
elongation for hot rolled, cold drawn, and extruded
material eontaining 2n aluminum content range (rom
2.64 w0 3.21 percent subjected o several heat treat-
ments, Figure 3.02713.

Nowhed tensile strength in high pressure nitrogen and
hydrogen, Table 3.02714.

Fracture toughness.

Combined prcperties.

Mechanical Properties at Various Températures

Tension.

Stress-strain diagrams.

Stress-strain eurves at room and low temperatures for
annealed and aged sheet, Figure 3.03111.
Stress-strain curves at low and room temperature for
coid rolled and aged-hardened alloy, Figure 3,03112.
Stress-straln curves at reom and low temperatures for
aged bar, Figure 3.03113.

Stress-sirain curve at -321F for hydrogen-free and
hydrogenated alloy wire, Figure 3.03114.

Elevation of flow stress of wire caused by 300 ppm
hydregenatien, Figure 3.03115,

True stress-true strain curves for cold-drawn and
aged rod from —453F to 392F, Figure 3.03116.

Tensile properties at room and low temperature.

Alloy displays serrated yielding at =453F. For analy-
sis, see (29). .

Tensile properties at room and low temperatuzres for
cold drawvn and aged alloy, Table 3.03122.

Tensile properties of annealed sheet in longitudinal
and transverse directions at room and low tempera-
tures, Figure 3.03123,

Tensile properties of annealed and aged sheet in longi-
tudinal and transverse directions at room and low tem-
peratures, Figure 3.03124.

Tensile properties of annealed and aged sheet having
two surface conditions at room and low temperatures,
Figure 3.03125,

Tensile properties of annealed and aged bar at room
and low temperatures, Figure 3.03128.

Tensile properties 2t room and low temperatures for
aged bar, Figure 3.03127.

Effect of test temperature on ductility of alloy with and
without hydrogenation, Figure 3.03128.
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Tensile properties at room and elevated temperatures,
see also 3.02129,

Effect of strain rate on ductility at 50F and 400F for
alloy with and without hydrogen charge, Figure 3. 03131
Tensile properties at room and elevated temperatures
for annealed and age hardened alloy, Figure 3.03132.
Effect of elevated temperature on tensile properties

of cold drawn and hot rolled rod, Figure 3.03133.
Compreasion.

Stress -strain diagrams.

Impact.

Charpy-V impact energy at room and low temperatures
for solution treated and aged bar, Figure 3.0331.
Effect of low temperature on bending and tension
impact energy for notched and smooth specimens,
Figure 3.0332,

Bending.

Torsion and shear.

Bearing, :

Stress concentration. See also 3.0332.

Netch properties.

Suatained load fatlure curves at 350, 400 and 500F for
hydrogenated notched specimens, Figure 3.03711.
Notch atrength ratio at room and low temperatures for
sheet in annealed and in aged condition, Figure 3.03712
Tensile and noteh properties of age hardened gheet at
room and low temperatures, Figure 3.03713.

Fracture toughness.

Combined properties.

Creep and Creep Rupture

Stress reguired to preduce 0.1 and 1.0 percent ¢reep
in 10,000 hrs at temperatures from 750 to 1100F,
Table 3. 041,

Minimum ereep rate of bar from 756 to 1000F, Figure
3.042.

Creep relaxation curves at 500F for age-hardened
apring stock, Figure 3.043,

Creep rupture data at 759 to 1100F for bar, Figure
8.044.

Fatigue Properties

§+<N curves for sheet at room and low temperature,
Figure 3.051.

§=N curves for hotched cold rolled sheet at room and
low temperatures, Figure 3.052.

5-N curves for annealed and heat treated sheet at room
temperature, Figure 3,053,

Flexural bending fatigue for annealed and aged sheet
with 16 RMS surface finish at room and low tempera«
tare, Flgure 3.054.

Flexural bending fatigue for annealed and aged sheet
with 80 RMS surface finish at room and low tempera-
ture, Figure 3.055.

Tensile strength and fatigue limit at 108 cycles for rod
and strip in several conditions, Table 3.056.

Effect of surface finish on tensile and fatigue strength
of bar, Table 3.087.

$-N curves for hot rolled and ¢old drawn bar at room
temperature, Figure 3.058.

Axial fatigue of bar at room and low temperatures,
Figure 3,059,

Rotating bending fatigue of annealed and aged bar at RT
and -320F, Figure 3, 0510,

Low cycle fatigue of plate, Figure 3,0511,

Cyelic stresg-strain eurve, Figure 3.0512,

Bend tests in air {180° bends to failure) after exposure
to high pressure hydrogen, Table 3.0513.

Fatjgue erack growth in completely reversed flexure
for plate in air and in simulated galt water environ-
ment, Figure 3.0514.

Torsional fatigue streagth of spring wire, Figure
3.0518,

Elastic Properties

Poisson's ratio. 0.32, {1).

Modulus of elasticity, Figure 3.062.
Modulus of rigidity, 9.5 x 103 ksi (1).
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FABRICATION

Forming
General, Alloy can be drawn, formed, upset, swaged

or gtherwise cold worked in the soft condition. Al-
theugh the alloy work hardens, its high ductility per-
mits severe deformations without damage (5).

Hot working, Hot forge in temperature range 1600 to
2100F. Maximum recommended heating temperature
for hot working fs 2100F. Metal should be charged in-
te a hot furnace and withdrawn when untformly heated
throughout. Prolonged soaking at 2100F is harmful,

If a delay occurs, reduce temperature to 1900F until
ready to work, then bring to wniform 2100F and with-
draw. Avoid exposing hot metal to sulphurous atmos-—
phere (1)(5}).

Heavy work is best accomplished between 1200 and
2100F. Working below 1600F is not recommended. All
heating above 1100F requires a reducing atmoesphere
{1},

To produce finer grain size in forgings, use 2000F for
final reheat temperature and tzke at least 30 percent
reduction of area in the last forging operation (1).
After hot working, allay should be quenched from 1450F
or higher. Air cooling Is not recommended (1},

The surtace of the part will be less oxidized and easjer
to pickle if quenched in water containing about 2.0 per-
eent alechol (by volume),

Celd work. Alloy can be cold worked by standard pro-
ecedures in the annealed condition, It has excellent
ductility but requires considerable power to form (1).

General. Alloy is most readily machined in the
amnealed condition. Hard material can be cut but pro=
duction rates are lower. The usuai preference is to
take heavy cuts prior to age hardening ang light finish-
ing cuts sfter aging (1).

Machining of materiat in the aged condition produces a
smoother, brighter finish than that obtained on
annealed material (1).

Higk spead steel (with cobalt), cast non-ferrous and
cemented carbide tools are suitable for machining the
alloy (5).

Recommended cutting speed for singie point carbide
tip tools, 100-2060 fpm (7).

Monel Alloy 501 exhibits {improved machinability char~
acteristics. This alloy is identical to Mone! Alloy
K-500 except for carbon content,

Joining

General. Alloy may be weided by the oxyacetylene,
inert-gas tungsten arc, or metallic arc processes,
using proper filler rods.

Oxyacetylene flame should be strongty reducing and the
heated end of the filler rod should be kept in the pro-
tecting atmosphere of the flame to avoid oxidizing the
rod. Monel filler metal 64 should be used for GTA,
GMA and oxyacetylene welding, A ftux is required for
oxyacetylene welding (1, p 47).

Far metallic arc welding, K~Monel No. 134 rod should
be used in a shielded arc {3).

Welding should be performed on annealed material and
the welded assembly stress relieved before aging.
Welded assembly should be taken threugh the age har-
dening range as quickiy as possible (1),

Recommended postweld heat treatment, 1080F after
gquench from 1400-1800F (31, p 21).

Alloy can be spot welded, silver or copper brazed or
soft-soldered (7).

Tensile properties of butt-welded sheet with and with-
out aging tested at room and [ow temperatures, Figure
4.037.

Weld efficiency of butt welded skeet with and without
aging tested at room and low temperatures, Figure
4.038.

Effect of low test temperature on tensile properties of
base metal and butt-welds in sheet, Figure 4.038.
Fatigue properties of welded joint Figure 4.0310.
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4.04 Surface Treating
66 Ni
29 Cu
3 Al
+ || source AMS (42)
0'5 T' Percent
Minimum Maxirgum
MON EL |[Aluminure 2.00 4.00
Carbon - .25
ALLOY | coba - 1.00(2)
K_ {ron - 2,00
500 Lead - 0.006 (a)
Manpganese - 1.50
Niekel 63.00 70.0
Phesphorus - Q.02(a)
Silicon - 1.00
Suifur - .01
Tin - 0.006(a)
Titanium 0.25 1.00
Zine - 0.02{a)
Copper Balance
{a) Determinaton not required for routine acceptance.
TABLE 1.04 COMPOSITION
86Ni-29 Cu-3A1-0. 5Ti ) '
380 |- rop -
HOT FINISHED OR HOT FINISHED + AGED
320 Oﬁ-\ ]
HOT FINISHED + AGED o
280 \
C
240 —. ’\
z
£ HOT FVISRED ™) N\ >
200 ’\.\
160
120
Y 200 400 600 800 1000 1200
TEMP - F
FIG. 1.061 HARDNESS AT ROOM AND ELEVATED
TEMPERATURES OF HQT FINISHED
AND AGED ROD, {1, p.36)
cooe 4116
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ANN
120
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B
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8o No—— " 1700F ]
1800F
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TIME - MIV {APPROX)

FIG. 1,062 EFFECT OF TIME AT OPEN
ANNEALING TEMPERATURE ON

HARDNESS, 1, p. 14)
66NI-29 Cu-3Al-0.5T4
320
2 200
o BHN \
(=]
(=
LN
z \
T 160 <RI
SQFTENING RANGE
0 400 800 1200 1600 2000
TEMP -~ F

FIG. 1.063 EFFECT OF ANNEALING TEMPERATURE
ON HARDNESS OF WATER QUENCHED
ALLOY, {1, p. 45}

66Ni-29Cu-3A1-0, 5Ti
320} BAR, FORGINGS
HR y
//////’ ////
g 1080 TO 1100F
X 240
[
(=
a
=
= 160 ?
30
0 4 8 12 16 20

TIME ~ HR

FIG. 1.064 EFFECT OF TIME AT 1080 TO 1100F ON
HARDNESS OF BAR AND FORGING.
(1, p. 15)
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— ' P @3y
B86Ni-28Cu-3A1-0.5Ti 66Ni-29Cu=-3A1-0.5Ti / 66 N.
BAR, HR a5 !
1080F, 16HR + 800F AGE 29 Cu,
320
! . 3 Al
A o 05 Ti
_ 240 f—
&) i 18
b /!
z 'L e MONEL
=
2.l 4 E g ALLOY
z | Z18 K-500
= =
| S
80 | E 14
i & THERMAL
| /: CONDUCTIVITY
21z
0 | a
HR O 8 16 24
AGING TIME - MONTH
1 -
FIG, 1.065 EFFECT OF AGING TIME ON
HARDNESS QF HOT ROLLED BAR
8
a, p. 1) c?
[3
-40¢ L] 400 800 1200 1600
TEMP - F
FIG. 2.013 THERMAL CONDUCTIVITY (i, p.32)
Source {17, p. 58)
Alloy BBNI-280U-3, 5Al-D. 5T1
Form 060 Inch sheet
Condition CR+ H.T. as indicated + cathodic charge with Hp in sol. of 4 percent
Hp80, saturated with CSp.
Charging Time, Days 0 1 4 L 16
Hp | Re [H2 Re Hy R, | Ha R Ha Re
ppm ppm ppm ppm ppm
CR 60 percent + 1800F, 1/2 hr,
WQ + 1100F, 16 bhr, F.C, - 26.5 | 49.1(a)| 27.0 {b} |26.5 | 236(a) | 26.0 | 244(a) | 26.5
1000F/6 hr, F.C., 300F/6 hr,
AC
CR 60 percent + 1400F, 1/2 hr,
WQ + 1100F/8 hr, F.C. - [20.0 {51¢a) |30.5] (0} [30.0 [210(2) ! 30.0 | 324(a) | 25.5
1000F/6 hr, F.C. S00F/6 hr,
AC i
CR §0 petcent + ann. + LX00F,
16 hr, FC 1000F/6 hr, F.C. - |31.5 |61 31.5 75 |81.0 | 127 3.5 by 31.5
900F /6 hr., AC
CR 80 percent + 1100F, 16 hr,
FC 1000F /6 hr, FC 900F /6 hr, - 38.5 | 40(a) 38.5 ) |39.0 { 128 38.5 | 262{a} | 39.0
AC
CR 60 percent + 1000F, 16 hr, — [a0.5 T 73¢a) [a1.0| (@) i4L.0 [ 154¢a) | 41.5 | 209{a) | 41.0
FC $00F /6 hr, AC ’
(a} Average of 2 tests.
{t) Unsuecesszful analysis.
TABLE 1.066 HARDNESS LEVELS ASSOCIATED WITH VARIOUS HEAT TREATMENTS AFTER 60 PERCENT
COLD ROLLING AND AFTER HYDROGEN CHARGING IN SULFURIC ACID SOLUTION,
cooe 4116
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[} I .20 T T
66 Ni 66Ni-200u-3A1-0, 5T} 66Ni-29 Cu-3A1-0,5TE .
29 Cu 10 = 18 II
3 Al - /
. /
05 Ti| > .16 ¢
s ] |
= —
a‘ LINE k
MONEL E 8 ? ?EggMcfi gi:mo‘? 7 A4
ALLOY & z
K-500 = ¢{  FROM RT TO TEMP INDICATED i
. T t 12 -
@ [ 1 T o
]
= f’ & --EXTRAPOLATED & /”M SPECIFIC HEAT
6 | : | 10 | |
~400 0 00 800 1200 1600 2000 P ] ]
TEMP - F ;/ ®—-—EXTRAPOLATED
FIG, 2.0141 THERMAL EXPANSION (1, 1, 32) .08 oq '
.08
-400 0 400 800 1200 1600 2000
TEMP - F
FIG. 2.0151 SPECIFIC HEAT. {a, p. 3%
T 1 1 1 T
§6N1-29.Cu~3 Al -0, 5Ti
9.75 IN DIA BAR
1.5 |_AGE 1300F, 2L HR + 1000F, § HR, AC, Rg 35
ol
7.0 ;,D)
4
“ =
5 6.5 E 0,32 T T
%
= 66Ni~29 Cu~3A1-0. 5TI
] /3/ E /l’"‘\i[
m # 1} Y
& 0,28 -
™ 6.0 MEAN COEFF. OF LINEAR —] § D/ (o)
B THERMAL EXPANSION =
. [2]
s FROM RT TO TEMP INDICATED £ 0.24
o] THERMAL DIFFUSIVITY
5.5 =}
g 3 N
c/ é 6.20 o () EXTRAPOLATED
& e
5.0 3
~300 400 -300  -200 -100 ] 100 T 0.16 |
TEMP - F -200 0 400 800 1200 1600 2000
TEMP- F
FIG. 2.0142 THERMAL EXPANSION AT LOW TEMPERATURES.
(28, p. 234) FIG. 2.0161 THERMAL DIFFUSIVITY (14
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REVISED: JUNE 1976

Ib per cu i

0.310 T T T 8.57
66Ni-29 Cu-3A1-0.5T1
0.306 8.46
0.302 8.35
® (14) DENSITY
A (5)
a7
0, 298 8.24
CALCULATED FROM
THERMAL EXPANSION DATA
0,284 - AND MEASURED DENSITY 8.13
AT 32F
9.290 L l J 8.02
=400 0 400 800 1200 1600 2000
TEMP - F
FIG, 2.0211 DENSITY BUT(14)
3z T T
68Ni-29Cu~3Al~0. 5T1
ANN
|
& 28
i /
E "
g, L—
G2 ELECTRICAL RESISTIVITY
=
20 [
0 400 800 1200 1500 2000
TEMP - F
F1G. 2.0221 ELECTRICAL RESISTIVITY (1, p. 4)

gr per cu cm

NONFERROUS ALLOYS

-240 . r . .
66Ni-29 Cu-3A1-0. 5T1 66 Ni
ANNEALED OR COLD-DRAWN + AGE HARDEN|
AS INDICATED 29 Cu
-220 .
ANNEALED 3 Al
OR e _ﬁ .
ASDRAWN _ -~ . 0.5 Ti
-200 Lo
~“AGE” -
e rasoENsD)- < MONEL
_— J’ e ALLOY
-1 — -
a L K-500
! /]
5 / .
!
e f
B -160 ; /
£ 4 OQUENCHED, Fyy=
g ANNEALED 92.5 KSI
/ @AGED, Fr, = 151 K5I
140 —/ COLD DRAWNOAS DRAWN Fppy = 137KS
§ 20 PERCENT @AGED, Fryy = 186.5 KSI
. S DRAWN, Fpq =
aml— o DR;“’NAA A e .
50 PERCENT 5 AGED, Foy; = 198 KSI
o A R
1.0 L0z L0406 1.08 1.10
PERMEABILITY
FIG. 2.0233 EFFECT OF PERMEABILITY ON CURIE TEMP.
FOR ANNEALED, COLD DRAWN, AND AGE
HARDENED ALLOY, {1, p. 32)
66NI-29Ce-3AL-0.5Ti COLD DRAWN
AS-QUENCHED, COLD DRAWN| 20 PERCENT
1.0020 & OR AGE HARDENED TO T/ 5:’1=ERCENT
Fopyy INDICATED 4 ’
1.0018 [SA G A5 QUENCHED T A7
o OR DRAWN ’,’ S/
8 A @ AGE HARD-,” ARy
§ 1.0018 ENED 7 '
’ 7
- ’ ’
33 / i
= 10014 - - .
= , , 7
g . ’ ’
1,0012 + 4 RT —
P P { pERMEAmILITY
9 /|aT 200 OERSTED
1.0010 A . .
8 100 120 140 160 180 200
Foy - KST
FIG, 2.023¢ EFFECT ON PERMEABILITY OF STRENGTH
LEVEL AS ACHIEVED BY SEVERAL PROCESSING
PROCEDURES. {, p.32)
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NONFERROUS ALLOYS

REVISED: JUNE 1576

66 Ni 1.0 ! ) ' T Source (8) (13)
B66Ni~28Cu-3A1-0,5Ti Alloy 66Ni-29Cu-3Al-0, 5T1
29 Cu g Test Tensile - alter -plle radiation
= w AFTER PROLONGED HEATING ABOVE 2100F | Condition Unirradiated Irradiated (a)
3 Al |2 %8 ® as RECEIVED W Fy ks) 127.0 133.5
) A CLEAN AND SMOOTH e 124,90 134.0
05 Ti|Z @ POLISHED PP Fu (ksi} 132,4 167.8
= - € {2 in) {percent) 12 19
< 0.8 —= 9 -
MONEL § v Noteh Strength (ksi) 21;.5 185.0
09.0 -
A LLOY i {a) Specimens were irradiated at 540F for a calculated
K-500 Z=°¢ /’ tntegrated alow flux of 4 x 1019 pyt
Q
= /J/. . TABLE 2.041 EFFECT OF IRRADIATION ON TENSILE AND
e __/ NOTCH PROPERTIES
0,2 — "
.2 H— ——
—
]
-400 0 200 BOG 1200 1600 2000
TEMP-F
FIG. 2.0241 NORMAL TOTAL EMITTANCE. {9
Source (40, pp. 13, 18-20, 65)
Alloy 66 Ni-25C0-3AI=0, 611
Condition Annealed + aged
Specimen Type Smooth: 0. 125 dia., 1/2 gage length
Notehed: 0. 125 OD, 0.105 ID Center noteh,
Root radius . 0007, Ky =4
Irradiation 1017 nvt (E > 0.5 Mev) at -430F
Source i1, p.13) Toat Danditinn (2} BT, -430T
alloy TERI-29CuGAI0_ 571 . - toirred, | Ongrad. | bred.
Limit temp - F Environment W {kai)
1000 Oxidizing (sulur iree) Fry (ksf) 98 21 139
800 Steam Noteh Ten. Str. (kal) 180 210 211
600 Oxidizing (sulfur present) Notch strength ratio z;i 1,17 1.20 1.20
500 Reducing (sullur preseat} ¢ @D or 1/2 in) iparcenty | 28 32 33
TABLE 2.032 TEMPERATURE LIMITS FOR ?‘:acmm Stress 8:;’;"9“‘) M 55 3;9
VARIOUS ENVIRONMENTS ) Averags of T8 ot
TABLE 2.042 EFFECT OF FAST NEUTRON IRRADIATION AND
CRYOGENIC TEMPERATURE ON TENSILE
PROPERTIES QF SMOQTH AND NOTCHED
SPECIMENS,
Source {33, p.4)
Alloy 66N1-29Cu=-341-0.5Ti
Form 0,250 Plate
Test Conditions | 0,020 inch diameter drilled passages conducted
Fo gas at 100 psia pressore, Gas and specimen
simultaneously heated electrically,
Threshold Termp.
(F) Source AMS 4676 (41)
Static Alloy 66 Ni~29Cu~3Al-¢. bTi
a} Significant exotherm 1695 Form Bars, Forgings, Forging Stock
b} Major exotherm, reaching maximum - Coadition 1030-1100F, 16 hr., F.C. @ 15-25F/kr to 90GF +
temperature of 2400F, flow passage 18905 900F to R.T. at all rates
corroded cloged. Fiy, min. (ksi}) 100
Subsonic Flow Fiy. tin. (kai} 140
a) Omset of very rapid film buildup 1575 e {2 in or 4D), min,, (percent}
Sonie Flow Round bar over 4.25 i1 dia. and over 12 ft. long 17
2) Probably otiset of rapid {ilm buildup 1520 All other products 20
b) Major exotherm reaching maxiroum BHN Hardness, rin, (a) 262
temperatare of 2300F, flow passages 1715 {a) Hardness requirement shall not be cause for rejection if other
corroded and restricted gpecifications are met.
TABLE 2.0341 RESPONSE TO GASEQUS FLUQRINE AT VARIOUS TABLE 3.011 AMS SPECIFIED MECHANICAL PROPERTIES FOR
TEMPERATURES AND FLOW STATES BARS, FORGINGS AND FORGING STOCK.
cooe 4116
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REVISED: JUNE 1976 NONFERROUS ALLOYS
Source {1, p. 35)
Alioy 66N1-26Cu~3A1-0.5Ti
Form Bar and Rod Sheet Strip, Cold Rolled
HF HF [ HF+ CD C¢D [CD+ | CR Ann, Spring
Condition HF | + + Ann + |CD |+ + Ann + + Ann.| + Spring |Temper +
Age{a)| Ann.| Age(a) Age(z)| Ann, | Agefa)] Aan. Age(a) |Temper; Age (a)
Fay (ksi} min | 90| 140 90 130 |100] 135 80 | 130 90 9¢ | 130 145 170
max | 155 | 190 110 165 140| 185 |110 | 290 105 105 176 185 220
Fty (ksi) min | 40} 100 40 85 T0{ 95 40 85 40 40 G0 130 130
max |110 | 150 60 120 |125| 160 50 | 120 63 65 120 160 195
e {percent} min | 20{ 20 25 20 13| 15 25 20 25 25 15 3 E
max | 45| 30 45 35 350 30 50 30 45 45 25 8 10
Hardness (RC) min -7 27 - 24 - 25 - 24 - - 24 25 34
max | 35, 38 - 35 26| 41 - 35 - .. - - -
{RB) min | T3] = 75 - 88| - 15 - - - - - -
max | - - 90 - - - 90 - 85 14 - - -
BHN (3000kg) min |140( 265 140 250 175|255 140 | 250 - - - - -
max [315]) 346 185 315 |260! 370 (185 | 315 - - - - -
(a) Age hardened for msax. properties.
TABLE 3.012 SPECIFIED PROPERTIES FOR BAR, ROD, SHEET AND STRIP
Source (1, p. 35}
Alloy 68N1-29Cu-3Al-0.5T1
Form Tube and Pipe - Searnless Plate Wire (0.0625 - 0.250 Dia.)
Hoti{CD |CD+ |CD [a¥s] Hot CD | CD+ . Spring
Condition Fin|+ Anmn + |as + Hot |Fin + | + Ann + |Spring | Temper
(3} {Ann. | Age(b)| Drawn|Age(b)|Fin [Age(b)| Ann.| Age(b) [Temper|+ Age(d)
Fiy (ksi) min - | 80 130 116 | 140 90| 140 80 | 120 145 160
max| - |110 180 160 | 220 1351180 (110 ; 150 190 200
Fty {ksi) min -} 40 83 85 100 40| 200 35 90 130 140
max| - | 65 120 140 | 200 [110¢ 135 65 119 180 190
e (percend) min | - | 25 15 2 a 20/ 20 20 15 2 3
max| - | 45 30 15 25 45] ao 40 30 5 8
Hardness (RC) min{| - i - 24 - 27 - 27 - - - -
max, - | - 36 32 40 26| 37 - - - -
(RB) ‘min - - S i - et S e i M S
max| - | 90 - - - - - - - - -
BHN (3000kg) min | - | - - - - 140 | 265 - - - -
max| - - - - - 2601 337 - - - -

(a) Properties upon request from INCO,
{b)} Age hardened for max, properties.

TABLE 3.013 SPECIFIED PROPERTIES FOR TUBE, PIPE, PLATE AND WIRE

200 — .
66 Ni =29 Cu=3 Al~0. 574
RODS AND FORGINGS
160 |_AGE-HARDENED L
= T Fry
x
120
—T1 Fry
50
g RA
8 N
z 5
B '_'—_‘--—._“__
0
20 24 28 32 36
HARDNESS - R,

FiG. 3.02121 APPROXIMATE RELATIONSHIP
BETWEEN TENSILE PROPERTIES
AND HARDNESS OF AGE-HARDENED
ROD AND FORGINGS. (1, p. 8)

66 Ni
29 Cu

0.5 Ti

MONEL
ALLOY
K-500
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NONFERROUS ALLOYS

66
29

0.5

Ni
Cu
Al

MONEL
ALLOY
K-500

Fpy - KSI

160
66NE-29Cu-3A1-0,5Ti

RODS, FORGINGS, HF
RODS, CD

120

X

KSL

H\
=

80

o
o0

%

PERCENT
3
o

"~

0
60 80 100 120
HARDNESS - Rg

FIG. 3.02122 APPROXIMATE RELATIONSHIP
BETWEEN TENSILE PROPERTIES
AND HARDNESS OF HOT FINISHED
RODS AND FORGINGS AND COLD
DRAWN RODS. {1, p. 6)

66Ni-29Cu-3A1-0.5Ti ;

SHEET AND STRIP o
rs

200 j &4

160

120 ¥
Fry / ’,{r 4
-

8¢ / rad
— ANN + HT
40 |— — —— ALL TEMPERS (NO HT) -
— - — 20, 40 OR 50 PERCENT

REDUCTION (HT)
...... 10 PERCENT REDUCTION

(HT) : L 1
] 10 20 30 40
HARDNESS - Re

FIG. 3.02123 APPROXIMATE RELATIONSHIP
BETWEEN TENSILE STRENGTH AND
HARDNESS OF SHEET AND STRIP,
{1, p. 6

CODE

4116

PAGE
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200

160

120

a0

Fopyy — KSI

240 r— T
66Ni-29 Cu~3A1-0. 5Ti
COLD WORK + AGE

900 | HARDEN L .
2 AVG
160 % Wﬁy 7 34
@
£
|= 120 M . 24
=
n COLD WORK ONLY
80 ‘
40

0 20 40 60 80
COLD WORK - PERCENT

FIG. 3.02131 EFFECT OF COLD WORK ON

MAXIMUM AND MINIMUM TENSILE

PROPERTIES AND HARDNESS,

REVISED: JUNE 1976

HARDNESS - Rg

i, p. 13}
200 T T
66Ni-29 Cu-3A1-0.5Ti
WIRE ROD
180 - HR ]
Fry
=
= /
120
80
0 20 0 60 50
COLD REDUCTION - PERCENT
| 1 P
/2 1 2 3 4 6

B AND 5 GAUGE

FIG. 3.02132 EFFECT OF WORK HARDENING

AND WIRE THICKNESS ON

TENSILE STRENGTH OF WIRE
ROD, (12, p. 3)
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NONFERROUS ALLOYS

160

66Ni-29Cu-3A1-0,5T{

0.040 IN SHEET

AGED § OR 16 HRS AT TEMP
| INDICATED

&L

4 Fryg
[}

-

=

e
+"—016 HRS AGE AT EACH TEMP
—---A 8 HRS AGE AT EACH TEMP

—] 90

30
-
E
z .. ez
5] ~
& Sap
L
I 25
1 o
o ™ ey
20
1040 1080 1080 1100 1120

AGING TEMP - F

1140

FIG. 3.02141 EFFECT OF AGING TEMPERATURE FOR
8 AND 16 HR AGES ON TENSILE PROPERTIES

OF SHEET.

(36, p.p. 1.A.7.7.1, 1-T)

200

T T
B6Ni-29Cu=-3A1-0,5Ti
BAR, HR

1080F, 16 HR + BOOF,
FOR TIME SHOWN

160

KSI

JJ Fry

’
i

.
' |

120

=]
=1

I}

»

T
|

!
il
!
|

PERCENT
-9
<]

R S

HR ¢ -3

AGING TIME - MONTHS

FIG. 3.02143 EFFECT OF AGING TIME ON
TENSILE PROPERTIES OF HOT

ROLLED BAR.

§6Ni-29Cu-3A1-0, 5TI .
0.040 IN SHEET 66 Ni
PRESTRAIN AS INDICATED + AGE 1090F,
8 OR 16 HRS 29 Cu
170 $ 3 A'
= 57 05 Ti
f 160 140
; T ———
:1..[_ FTU MONEL
150 & 130 ALLOY
5 K-500
140 120
™
r:'
= 110
——()16 HR AGE AT 1080 + I0F
| ---<4 8 HR AGE AT 1090 = I0F 100
o 28 i
R bt
3] W ATy
& 2 ezm \k
1 S = FAY
(]
" * T
0 5 10 15
PRESTRAIN PRIOR TO AGING - PERCENT
FIG. 3.02142 EFFECT OF PRIOR STRAIN ON TENSILE
PROPERTIES OF SHEET AFTER & OR 16
HR AGE AT 1090F, {36, p.p. 1-A:7-7.1, 1-T)
>
15
Q, p. 15)
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NONFERROUS ALLOYS

REVISED: JUNE 1976

] 66Ni-29Cu~3, 5410, 5Ti
66 Ni. s | ROD*STRIP
206 I~ g T. AS NDICATED
29 Cu i
3 T % 4 cord
3 Al g L 20 ROLLED
- 1
0.5 Ti PERCENT
{ 200
MONEL |
ALLOY L
- COLD
K-500 ROLLED -
PERCENT 2
120 5
2
F
B6Ni=29Cu-3,5A1-0.5T1
e 8o 0.060 IN SHEET
A O STRIP, ANN + CR AS INDICATED) RC HARDNESS 31.5
A ROD, HOT ROLLED C.H. 80 PERCENT + ANN + 1100F, 16 HR|
v 40 FC 1000F/ 6 HR + FC 900F/ 6 HR, AC +
& AGED AT 110F FOR TIME INDICATED H, CHARGE OR
o= ‘ f r TREAT 45 ABOVE + BAKE S00F, 24 3R |
& . , ;
=
o J COLD
2]
E ég ROLLED | A H2 CHARGED + BAKE
= PERCENT il ol LR
¥ g[ FERC | | ra 160
i Foyr” CHARGING TIME, =
DAYS PPM H, g
0 2 4 8 8 16 12 1 6 )
AGING TIME - HRS 2 5 ] w 2
a 121 =
FIG. 3.02144 EFFECT OF SHORT TIME AGING AT 10F
THODIC CHARGED
ON TENSILE PROPERTIES OF COLD ROLLED | . ™. 93LH3F f gncmr B
STRIP AND HOT ROLLED ROD. cHaRCED #,50, SATURATED
(£ . 4D WITH CS,
5 120 100
66Ni-29 Cu-3. 5A1-0. 5T1 " 10 O ---—84 "7 -BAKED
8,060 IN SHEET - TY
€W + AT TO RC INDICATED 100 0 Hy —
(SEE TABLE 1.05;5) '-:8 200 CHARGED)]
=t Lo Fry _ el maxep .
T v @ - S, Y 20
160 =|= -e (2 IN) o
18 &
=]
s o) D\ 12 A
MR 120 ~ '
~R T "8 Fpg e (2IN) s °
CATHODICALLY - MGED 7]
CHARGED IN SOLUTION OF 4 PER- .
200 [~ CENT Hy SO4 SATURATED ‘;vrra cs,] 80 0 5 0 15 20
O ¢ H CHARGING TIME - DAYS
t);“'gl' ____,-_;_@'FTY
& 160 e i o TV SATEC FIG. 3.02152 EFFECT OF HYDROGEN CHARGING ON
[ D31.5 RC ¢39 RC TENSILE PROPERTIES OF 31.5 RC
ol &30 RC O26.5 RC SHEET, AND RESTORATION OF INITIAL
& 190 PROPERTIES BY 500F BAKE FOR 24 HRS,
SR e Ly Fry 7, p. 56)
& - :
80 20 B
8
— 1B 2
S &
~a R ] A
L _e(2m) TredA g ¢
= Qe . _1n .
[ == T o
0 5 10 13 20
CHARGING TIME - DAYS
FIG. 3,02151 EFFECT OF HYDROGEN CHARGING ON
TENSILE PROPERTIES OF SHEET COLD
WORKED AND HEAT TREATED TO
VARIOUS HARDNESS LEVELS, (17, p. 58)
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REVISED: JUNE 1976

GENi-29Cu-3.3A1-0.5T1

NONFERROUS ALLOYS

Source 1, p.40 .
0.028 IN WIRE ATy “Ni_égcj% A]’_o_ . Charpy Keyhole || 66 Ni:
980F, 8 HRS + SLOW COOL (15 - 25F PER HR) Form Bar Impa(;: Elibnerg' 29 Cu
szsii}c?ﬁ; C;S:R?EID FOR 6 HR AT Rt T 3 Al
1 AMP PER 5@ IN IN 176F ELECTROLYTE OF Hot fmiohed + 1800F, 1 hr, WQ I
4 PERCENT SULPHURIC ACID POISONED Hot finished + 1100F, 16 hr, AC (a) 38 | 2 05 Ti
WITH S0DIUM ARSENATE TO SATURATION + . ' ;
Hot finished + 1100F, 16 hr, FC 15F per hr
220 BAKE 910F, 4 MEN WQ [ S to 900F, AC (2) 25 20
Hot finished + 1800F, 1 hr, Wq + L100F, ' MONEL
:'}\ STRAIN RaTE oot dm he, FC 15F per hr to 900F, AC (a) 38 | 22 ALLOY
2.2x107% PER SEC TEWI 40 -
|| , , _ Cold drawn + 1800F, 1 hr, Wg s0 | - K-500
200 — i i Cold drawn + 1100F, 16 hr, AC (a) 26 -
. Cold drawn + 1100F, 16 hr, FC 15F per hr
_ ) 300 PPM HYDROGEN 10 B00F, AC (a) 20 _
% '8\\ Cold deawn + 1800F, 1 hr, WQ + 1100F,
, 180 <7 16 hr, FC 15F per hr to 00F, AC {a) a6 -
E P \ (a) Specimen fractured completely,
5 N
S { TABLE 3.0231 CHARPY KEYHOLE IMPACT ENERGY FOR HOT
160 F yyprocER-—A2 FINISHED AND COLD DRAWN BAR WITH
REE N SEVERAL HEAT TREATMENTS
= I
140 ]
=400 -200 0 200 400 £00
TEMP - F
FIG. 3.02133 EFFECT OF TEST TEMPERATURE ON
TENSILE YIELD STRESS OF HYDROGEN~
FREE AND HYDROGENATED WIRE.
(24, p. 39
‘| "Source” (1, p.40)
Alioy BENI-29Ca-3A1-0,5T1
Form Hot Rolled Rod of Dia, Indicated
Conditlon | 180CF, 1/2 Br + 1100F 16 hr,, FC fo LO0OF in § 4r.,
FC to 900F in 6 hr, AC
Charpy V
F;y Impact Energy
(kai) (ft=lbs)
Diameter {in) (a)
1.250 57,3 54
1.250 92,5 T2
0.875 109.23 45
1,00 t11 38
(a) Each diameter from a different heat_
TABLE 3.0232 CHARPY.V IMPACT ENERGY OF SPECIMENS
FROM SEVERAL SIZES OF HOT ROLLED ROD
Source (1, p.40) Source (1, p.4L)
Alioy 66N} -29Cu -3A1-0. 513 Alloy 66RI-29Cu-3AL-0.5T1
Form Rod Form Cold drawa rod of dia, indicated
Hot Rolled Cold Drawn Condition | 1900F, 1/2 hr, + 1100F, 18 hr, FC to L000F in 6 hr,
Condjticn As As FC to 900F in 6 he, AC
Rolled Aged Drawn Aged Charpy V
Compressicn rw [mpact Energy
Fgy 0.2 percent) (ks} 40 121 6 121 (ks1) (ft-ibg)
Fey (0.01 percent) (ksi) 3 96 55 102 Diameter {in) (a)
Tension 1.250 92,5 6.3
Fiu (ksl) 100 151 106 158 0.812 103 43.8
Fiy (ksi) 47 1531 85 120 0,637 110.8 38.5
e (2 in} (percent) 42.5 a0 26.5 22 (2) Each diameter from a different heat. Average of 2 tests,
Hardness (RC) 5 33 23 25
TABLE 3.0233 CHARPY-V IMPACT ENERGY OF SPECIMENS
TABLE 3.0222 COMPRESSIVE YIELD STRENGTH OF ROD FROM SEVERAL $SIZES OF COLD DRAWN ROD
cooe 4116
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NONFERROUS ALLOYS REVISED: JUNE 1976
66 Ni Source {5) Source . {12)
] Alloy 66Ni-29Cu-3AI-0.5Ti Alloy 66Ni-29Cu-3A-0.5Ti
29 Cu Temp - F KT {a) 0, 080-0. 148 m dia. CD
Type of Test Impact Form Spring Wire
3 Al Impact energy, fi-ibs Temp - F BT
Condition Tzod Charpy U-notch Tension - Torsion
0.5 Yi HR 130+ 170 Fry Fy Breaking strength
: HR + Age 40 (a) 61 () Condition (ksi) (ksi) {ksi)
cD 56 (a} 71 (a) As drawn 172 165 15
MONEL CD 4+ Age 26 (3) 42 (a) Stress equal, 575F, 1 hr 181 179 122
(a) Specimens fractured completely. Stress equal, 650F, 1 hr 181 179 123
ALLOY Aged, 1000F, 4 br, AC 204 195 138
K-500 TABLE 3.0234 IMPACT ENERGY OF ALLOY IN SEVERAL Aged, 1000F, 6 hr, FC 209 203 142
CONDITIONS OF HEAT TREATMENT Aged, 1000F, & hr. (b} 213 206 148

{2} Cold drawn 75 percent reduction.
(b) Slow cocl, 15F per hr to 900F, AC.

TABLE 3.0251 TORSIONAL PROPERTIES OF COLD-DRAWN

SPRING WIRE
100 {66Ni-29Cu-3A1-0. 5Tk
BaR, HR
1080F, 16 HR + 800F
FOR TIME SHOWN
80 Qr
L
I\
A
1
]
| %
80 | N
1 Cniamnn o oa am
1 1 Arvma U [ET il
m iE 120D Alloy 66Ni-29Cu-3Ak-0, 5T
'f I f Form 0. 146 Dia. Spring Temper Wire, 65 percent
40 | Reduetion
l Condition After $25F, 3 hr. Aged 980F,5 hr
Cold Ceiling As Drawn {Stress equalized) + B900F, 8 hr
I S Fra (550 162.5 1.5 187
20 Fgu (ks 106.3 107.2 137.2
I ng {kai) 67.5 67.5 4.6
[ TABLE 3.0252 PROPERTIES OF HELICAL SPRING WIRE IN
0 SEVERAL CONDITIONS OF THERMAL TREAT-
HR 0 8 16 24 MENT AFTER COLD COILING

AGING TIME - MONTHS

FIG. 3.0235 EFFECT OF AGING TIME ON [Z0D
IMPACT ENERGY OF HOT ROLLED

BAR. 1, p. 15)
Source (17. p.62)
Alloy 66Ni-29Cu-3, 5A1-0,5T1
Form Charpy-V Specimen
Condition RC Values ag indicated
— RC 17 EC 31
Chbarged Charged

No Hg 16 days(a) No Hp 16 days{a}

Charpy-V Impact

Strength (ft-lbs) 86, 89 67, 67 58, 64 44, 48

(a) Charged cathodically in 4 percent Hp50, solution satmrated with
CSy. Approx. Hp content in 16 days - 275 ppm.

TABLE 3.0236 EFFECT OF HYDROGEN CHARGING FOR 16 DAYS
ON CHARPY IMPACT ENERGY OF ALLOY IN TWO
CONDITIONS OF HARDNESS

cooe 4116
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REVISED: JUNE 1976 NONFERROUS ALLOYS

Source . (1, pp 38,39) A

Alloy 66H1-29Cu-3AI-0. 510 _ 66 Ni

Fortn (a) 0.113 in. dia. rivet wire and 1/8 in dia, x 1/4 in long rivets 29 Cu

Aged 1080F | Aged 1GEO0F | Aged 1080F | Aged 1080F, 1§ hr,
Condition As Rec. | 2 hr, AC 4 hr., AC 16 hr,, AC FC to $00F at 15F 3 Al
(b) per hr., AC

Rivet Wire 0.5 Tl
Hardness {RC) 13 24 26 26 32
Fra (ki) | 107.3 133 137.6 - 147
Fay (kagy €9.3 83.2 85.3 85 89.2

Rivet Hardness MON EL
Head (RC) | 32 40 40 40 40 ALLOY
Shank {RC) 23 30 32 30 34 K- 500

(a) Tested {n double shear, using 1 inch wire in tongue and groove jig with . 002 inch clearance.

(b} Recommended treatment by INCO for cold-headed rivets.

TABLE 3.0253 TENSILE, HARDNESS AND SHEAR PROPERTIES OF RIVET WIRE AND HARDNESS

OF RIVETS
Source (1, p-39}
Alloy 66Ni-29Cu-3A1-0.5Ti
Form 0.148 Dia, Wire 1 In Dia. Rod
and [s13) CD Hot Rolled CcD cD
Condition 5 percent | 50 percent | Hot Rolled + 20 percent | 20 percent
I + Age __Age _|- =+ Age.
Fty (kai) - - 45 - 103 125
Fuy {ksi} 163 197 98 - 134 155
Prop. Limit,
in Torsion  (ksf) 68 75 18 62 . a5 50
Fau (ksi) 107 137 €9 - 80 102 |
TABLE 3.0254 TORSIONAL SHEAR PROPERTIES OF WIRE AND RCD IN SEVERAL
CCGNDITIONS
Source {1, p.38,39)
Alloy 66Ni-29Cu-~-3A1~0,5Ti 1

Form 0,050 x 0.250 in sheet m m

’L— .005 clearance

Annealed Half Hard Full Hard
Condition As Ann+ | As As
Ann Age Hardened | Aged Hardened | Aged
Fty (&s51) 97.5 147.2 12z 155.6 151.5 188.5
e (2 in) {percent) | 49 29 12.5 24 16.5 12.5
Hardness (Rp) 87 (Rp) 29 25 31 33 37
Fru (ksi) 85.3 96.5 71 98,8 89.5 | 8.5

TABLE 3.0233 SHEAR STRENGTH OF SHEET IN SEVERAL CONDITIONS OF
HEAT TREATMENT

cooe 4116
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NONFERROUS ALLOYS

REVISED: JUNE 1976

Source {1, p. 40)
Alloy 66N1i-29Cu-3Al-0.5Ti
f—=2.5—
Form 0.062 in sheet !
- 125 | 3/18Dia—~=) | {a)
1 ]
3/8——=d Tw—
Annealed Hard
Condition As Ann + AS Hard +
Ann. Age Hardened Age
Fbry b)) (kai) 68.8 162 190 282
Fhm {e) (ksi) 178 285 294 3358
Fty {ksi) 38.5 98.5 1398 177
Fiu {kai) 92,2 145.5 145.9 195.5
e (2in) (percent) 49 31 3 10
“Ta) Determined by loading close IEIng pin in hole.

r(b) 2 percent enlargement of hole in sheet.

(¢} Tear-out.

TABLE 3.0261 BEARING STRENGTH OF SHEET IN SEVERAL
CONDITIONS OF HEAT TREATMENT

66Ni-29Cu-3A1-0, 5T1 i

BARS OF VARIOUS DIAMETER, AS INDICATED
AGED 1090F, 16 HR, FC TO 900F AT 15-25F
PER HR, A.C,

ALL SPECIMENS CONTAINED 60° V NOTCH
REMOVING §¢ PERCENT CROSS SECTION AREA.
ROOT RADI .001 TO ,004. SOME FATIGUE
CRACKED AS INDICATED

SPECIAL LOT GIVEN FINAL ]
COLD DRAW QF 30 PERCENT
IN ONE STEP

POINTS MARKED § WERE
[— FATIGUE CRACKED AFTER
MACHINING

I

\ B

HOT ROLLED

I
COLD DRA

[ EE

—

——

EXTRUDED 4§:1
AT 2000F

-—

1.0 1.5
MAJOR TEST DIA - IN

2.0

FIG. 3.02711 EFFECT OF SECTION SIZE ON NOTCH

66 Ni
29 Cu
3 Al
05 Ti
MONEL
ALLOY
K-500
240
220
200
2
é 180
2
E 160
g
140
120
cooe 4116
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STRENGTH OF ALLOY FRODUCED BY
SEVERAL PROCESSES, {30, p. 382)

280

a0

200

160

NOTCH STRENGTH - KSI

12¢

20

80

86Ni~29Cu-3Al-0. §T1

0,505 IN DIA SMOOTH OR NOTCHED TO

50 PERCENT AREA, CONTAINING 609 V
HEAT TREAT AS INDICATED

O @ & AGED 1090F, 16HR, FC TO 500F AT
15 - 25F PER HR + AC .
ANN 1700F, 15 MIN, WQ + AGE AS
ABOVE .
{OVERAGED) AGED 1300F, 12 HR,
+ FC TO 800F AT 15 - 25F PER HR,
AC

COLD DRAWN

HOT ROLLED

EXTRUDED

L A

v

a

®0
< e

m]
a
v

VARYING Al CONTENT /4 40 woT e
FROM 2.64 TO 3.21 / copENGTH RATIO

PERCENT L.10
7 Pl
, 98 ,{/

&%

s
/ HOT ROLLED &
COLD DRAWN
LI r :

Z

.

P

rd

0 - T exTRUDED

I

71,30 EXTRUSION RATIO 9:1

Sl I

120 160 200
Frp - KSI

2680

FIG. 3.02712 RELATION BETWEEN NOTCH STRENGTH

AND ULTIMATE TENSILE STRENGTH FOR
HOT ROLLED, COLD DRAWN, AND EX-
TRUDED MATERIAL CONTADNING AN
ALUMINUM CONTENT RANGE FROM 2.64
TC 3.21 PERCENT SUBJECTED TO SEVERAL
HEAT TREATMENTS. (30, p.p. 377-319)



REVISED: JUNE 1976

66Ni-29Cu-3A1-0,5al

0,505 IN DIA SMOOTH OR NOTCHED

TO 50 PERCENT AREA, CONTAINING 60° v
NOTCH, AND ROOT RADE FROM 0,001 TOO. 004
HEAT TREAT AS INDICATED

© @ { AGED 1080F, 16 HR, FC TO 900F
AT 13 - 25F PER HR, AC

A A T ANN 1700F, 15 MIN, WQ + AGE AS -
ABOVE

O m (OVERAGED) AGED 1300F, 12 HR +
FC TO 900F AT 15 - 25F PER HR, AC

A O COLD DRAWN

A MW HOT ROLLED

{ ¥ EXTRUDED

]
[ ]

250 ' .

VARYING Al CONTENT
\ FROM 2,64 TO 3.21
O, PERCENT

HOT ROLLED
AND
COLD DRAWN

L4
1=
(=4

-
Ferd
(=]

L

/ \1\@\ -
/  EXTRUDED o
_/OV_ EXTRUSION RATIO 9:1 ey

80 J_ I {

0 8 16 24 az 40
& (2 IN) - PERCENT

NOTCH STRENGTH - KSI

-
ha
=4

FIG, 3.02713 RELATION BETWEEN NOTCH STRENGTH AND
SMOOTH SPECIMEN ELONGATION FOR HOT
ROLLED, COLD DRAWN, AND EXTRUDED
MATERIAL CONTAINING AN ALUMINUM CON-
TENT RANGE FROM 2.684 TO 3.21 PERCENT
SUBJECTED TO SEVERAL HEAT TREATMENTS.
(30, p.p. 377-380)

Source (23) (19, p.63)
Alloy 66Ni=-29C0-3,541-0.5Ti
Form Notched Spec. Kt =4.0
Annealed Aged
Condition Ft; of smooth spec. Fy, of smooth spec.
in air = 100 ksi in air = 139 ksi
NTS in 10 ksi Ng 144 251
NTS in 10 ksi Hg 105 113
Ratio NTS, H, )
N—TW 0.73 0.45

TABLE 3.02714 NOTCHED TENSILE STRENGTH IN HIGH
PRESSURE NITROGEN AND HYDROGEN

NONFERROUS ALLOYS

140 T T Y - "
§6N1-29 Cu=3Al-0. 5T i 66 Ni
0.050 IN SHEET o E
120 = "ANN + AGE %/ 29 Cu
RT
100 }/ 3 Ai
// 0.5 Ti

80 7

g / MONEL
® ALLOY
" // K-500
20 /

0 ,001 002 .003 .004 .005 006 .007
STRAIN - IN PER IN

FIG. 3.03111 STRESS - STRAIN CURVES AT ROOM AND
LOW TEMPERATURES FOR ANNEALED
AND AGED SHEET. (5. p. K-9)

66Ni-20 Cu~3A1-0. 5 TS
| CR
200 I GE HARD —423F
160 o BY
120 7
=
¥ g0
40
1]
1] 0.004 0,008 0,012

STRAIN - IN PER IN

FIG. 3.903112 STRESS-STRAIN CURVES
AT LOW AND ROOM TEMP-
ERATURE FCR COLD
ROLLED AND AGED-HARD-
ENED ALLOY. (4, p. 13}

cove 4116
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NONFERROUS ALLOYS REVISED: JUNE 1976
| %0 [ GeNi-29Cu-3AI-0.5T1 ' T SeNI 29003 A0 5T
66 Ni 0.144 IN DIA SPEC, FROM 3/4 INCH DIA BAR 0.028 IN wuu: N
29 Cu AGE 1100F, 21 HR + 1000F, 8 HR, AC . 980F, BHRS + SLOW COOL (15 - 25F PER HE) TO S00F,
_‘_______—l— + AC Frp = 185 K1
3 Al | 5 BE sl CATHODICALLY CHARGED FOR 96 HRS AT 1 AMP
05 Ti | ] PER SQ IN IN 176F ELECTROLYTE OF 4 PERCENT
. / SULPHURIC ACID POISONED WITH SODIUM
/ | "] -390 T ARSENATE TO SATURATION + BAKE 910F, 4 MIN, WQ
MONEL //,K—-——""\ 110F — az | —
ALLOY / \ sor STRAIN RATE 2.2 x 10™% PER SEC
K~500 TEST TEMP
24 ~451F | |
120 -321F
g 716
@ STRESS FOR HYDROGENATED ALLOY
p MINUS STRESS FOR HYDROGEN-FREE ALLOY
80
el o - HYDROGENATED ALLOY 300PPM H,
//mot
40 ¢ I
) .008 .016 022 .032 L0406 048
STRAIN
FIG. 3.03115 ELEVATION OF FLOW STRESS OF WIRE CAUSED
0 BY 300PPM HYDROGENATION. 24, p. 41)
o .08 .16 .24 .82
STRAIN - IN PER IN
FIG, 3.03113 STRESS-STRAIN CURVES AT ROUM AND LOW
TEMPERATURES FOR AGED BAR,
(26, p. 47}
400 . . +
86Ni-29 Cu-3A1-0. 5Ti
0.25DIA BAR, 1 1/4 BN GAGE LENGTH
COLD DRAWN + AGE
360
)
/—mp
66N1-20Cu-3, 5A1-0. 5Ti
0.028 IN WIRE 320
980F, 8 HRS + SLOW COOL (15~ 25F PER HR) TO 900F, / / -321F
F... % 185 KSI
TU
.CATHODICALLY CHARGED FOR 96 HR AT 1 AMP PER 7 / /
5Q IN IN 176 F ELECTROLYTE OF ¢ PERCENT ¥ 280 / >
SULPHURIC ACID POISONED WITH SODIUM ARSENATE P |~ -10F
- TO SATURATION + BAKE 910F, 4 MIN, WQ & / ///—-";5;‘
et
300 PPM B & 240 4 =
2 = /
240 = / L~392F
B B = /
220 ] —— |- - / / 7
/ -7 Hy FREE 200 L/ L
200 Hoe™ : /
= T = -321F ‘ .
¥ 180 STRAIN HATE 2.2 x 10™* PER SEC 4 /
Va
160 160 | 7/
140
120 120
0,018 .032 048 ,064 .08 .036 .112 .128 _144 ) 0.1 0.2- 0.3 0.4 0.5 0.6
STRAIN TRUE STRAIM - IN PER IN
FIG. 3.03114 STRESS-STRAIN CURVE AT -321 FOR FIG. 2.03116 TRUE STRESS - TRUE STRAIN CURVES FOR
HYDROGEN-FREE AND HYDROGENATED ALLOY COLD-DRAWN AND AGED ROD FROM -453F
WIRE, {24, p. 40) TO 392F, (29, p, 3)
cooe 4116
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REVISED: JUNE 1976

NONFERROUS ALLOYS

240 T r r
Source (5) $6Ni-29Cu-3. 5A1-0. 5T 66 Ni
Alloy 66N1-29CU-8A1-0. 511 0.063 IN SHEET !
Condition CD + Aged ANN + AGE 1100F, 16 HR 29 Cu
Type of Test Tensile 200 =
Temp - F RT RT(a} -1i0F L ~ 3 Al
T (ks) 157.8 167.4 17L.6 |- -
Fiy (kai) 125.9 125.8 134.6 05 Ti
e (2 fn) (percent) 15.5 4.8 17.3 160
RA (pereent) 37.4 37.2 a1 | g
Hardness (RC) 33 33 38 S
(a) Specimens cooled to -110F for geveral hours prior to testing A"\.ﬁ__ MONEL
at room temperature. 120 A L LOY
TABLE 3.03122 TENSILE PROPERTIES AT ROOM AND LOW K=500
TEMPERATURES FOR COLD DRAWN AND AGED
ALLOY 80 — 30 ¢,
- ;
e (2 IN} — g
<]
20 ™
-500 ~400 -300 -200 -100 0 100
TEMP - F
FIG. 3.03124 TENSILE PROPERTIES OF ANNEALED AND AGED
SHEET IN LONGITUDINAL AND TRANSVERSE
DIRECTIONS AT ROOM AND LOW TEMPERATURES.
(36, p. 47)
86M1-29Cu-3A1-0, 3Ti
0.050 IN SHEET
ANNEALED + AGED
200 %
I
\_
180
~ F.
~ ~ TU
66Ni-20 Cu-3A1-0, 5Ti Ny
0.063 [N SHEET 160 =
ANNEALED —:-“,‘:‘*:\\_G
160 = §) 0AGL O O A16 RMS FINISH T~
\Q mA®T Euo ® W A 50 RMS FINISH
120 S - A
TU \
120
g —0 S
—
80 g - = —— \__
Y F. e@m | T <FE=—p
. TY 100 Q"_—_QI—:_ 30
——e -
“ ok T £
e e e
= e W & 2P 5
= P~
30 2
2]
="
20
-500 ~400 =300 ~200 ~100 0 w0 ~500 —300 -300 =200 -100 0 100
TEMP - F TEMP - F
FIG, 3,03122 TENSILE PROPERTIES OF ANNEALED SHEET IN FIG. 3.03125 TENSILE PROPERTIES OF ANNEALED AND AGED
LONGITUDDNAL AND TRANSVERSE DIRECTIONS SHEET HAVING TWC SURFACE CONDITIONS AT
AT ROOM AND LOW TEMPERATURES, (18, p. 47) ROOM AND LOW TEMPERATURES, 15, p. K=7)
cooe 4116
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NONFERROUS ALLOYS REVISED: JUNE 1976

66 Ni 66Ni-29 Cu-3A1-0.5T1
i 0.144 IN DIA SPEC FROM 3/4 IN DIA BAR
AGE 1100F, 21 HR + 1000¥F, 8 HR, AC
29 Cu 220 -

3 Al Q|

05 Ti o N

MONEL S

ALLOY 180 [~
K-500 S

160
66Mo~28 Cu-3A1-0.5T1 [N

5/8 - 1/8 BAR \
ANN + AGE 140 Fry
SURFACE FINISH = 32RMS ]

200 } \Q\
120 RA e g
o o
180 Fry
\
e (1.25 IV)

160 \,._ _\r\'H———-—l

=500 -400 =300 -200 -100 0 100
TEMP - F

KSst

-
i-3

/
|

FIG. 8.03127 TENSILE PROPERTIES AT ROOM AND LOW
k TEMPERATURES FOR AGED BAR, (28, p. 24)

120 ‘\A.,_

100 P

66N1=29Cu~-3.5A1-0.5Ti

0.10 IN DIA BAR FROM 1/2 IN BAR

CR +980F, 8 HR + SLOW COOL {15~25F FER HR)
l\o‘ TO 900F, FINAL CONDITION FTU =185 K81, Rn= 3

~—— o CATHODICALLY CHARGED FOR 96 HR AT 1 AMP
PER 5Q IN IN 176F ELECTROLYTE OF 4 PERCENT

SULPHURIC ACID POISONED WITH SODIUM ARSENITE

TO SATURATION,

BAKED AFTER CHARGING 910F, 4 MIN, Wg

80

>
=]

1%
=1
PERCENT

20
=500 -400 =300 ~200 -100 ] 100
TEMP

# UNCHARGED _

© CHARGED AND BAKED, TESTED AT 5 x 10
IN PER MIN

A CHARGED AND BAKED, TESTED AT 102 IN PER MIN

2

FIG. 3.03126 TENSILE PROPERTIES OF ANNEALED AND AGED
BAR AT ROOM AND LOW TEMPERATURES, 60
(15, p. K-13)

5

ik et & N

RA PERCENT

2

-400 =200 o 200 400 600 800
TEST TEMP - F

FIG. 3.03128 EFFECT OF TEST TEMPERATURE ON DUCTILITY
OF ALLOY WITH AND WITHOUT HYDROGENATION.
{24, p.28}

cooe 4116
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REVISED: JUNE 1976

NONFERROUS  ALLOYS

66Ni~29 Cu—3, 5A1-8.5Ti 86N1-29 Cu-3A1-0.5Ti 66
0.10 IN DIA SPECIMEN FROM 1/2 IN BAR ROD Ni
CR + 980F, 8 HR + SLOW COOL (15-25F 160 | AVNEALED + AGE HARDENED 29 Cu
PER HH) TO 900F, FINAL CONDITION: ~
gof Fry=185KSI Ry=37 | FTU 3 Al
UNCHARGED 140 — 05 Ti
40 * x
S0F ‘\S\x % 120 MONEL
k3
i\g&ei\ﬁ& ALLOY
& 20 B\ K-500
w 100 T Fry
o CHARGED AND BAKED
= [t
2o 1 I
_:: CATH. CHG, 86 HR AT 1 AMP PER 5 K¥ 80
= IN BAT. 176F ELECTROLYTE OF ¢ PER-
CENT H,S04 + SODIUM ARSENTEE +
60} BAKE 910F, 4 MIN, W2 _
80
UNCHARGED
. A — e
50
® EST = g
\©: g
[4]
2 _ﬁ‘i CHARGED AND BAKED  _| I
UNCHARGED 30PPM H,, CHARGED AND
BAKED 300 PPM H,
0 | | | | 0
w0t 1072 100 102 10% 0 200 TE::; . 600 800
TEST SPEED ~ IN PER MIN
FIG. 5.03131 EFFECT OF STRAIN RATE ON
FIG, 3,03132 TENSILE PROPERTIES AT
DUCTILITY AT B0F AND 400F FOR ROOi[H:KND ELEVATED
ALLOY WITH AND WITHOUT TEMPERATURES FOR ANNEALED
HYDROGEN CHARGE. (24, p.27) AND AGE HARDENED ALIOY
' ' L, p. 37
66Ni-29 Cu-3A1-0. 5Ti
‘L_Q‘ 180
® ASROLLED| HR
Od:amﬁq A AGE HARD _J ROD
N O ANN + AGE | ¢D
LN HARD ROD
= 4 120
TU
120 80 &
"N :
O y
o - A
SO 6 2
& (]
2 80 0
-
E
0 "‘*\T\ ~-4,
AVG OF 2 TESTS
0
80
]
z
3]
2 1
=
oy
0
) 400 800 1200 1600 2000
TEMP - F
FIG. 3.03133 EFFECT OF ELEVATED TEMPERATURE ON
TENSILE PROPERTIES OF COLD DRAWN AND
HOT ROLLED ROD. (1, p.8)
cope 4118
pace 21




NONFERROUS

‘éso .
66 NI E B6NL-29C0-3A1-0, 5T1
£ STD CHARPY V SPECIMEN FROM 3/4 DIA BAR
' B.T. GE 1100F, 21 HR + 1000F, .
29  Cul, - R AR A
40 —
3 Al g
g
05 Ti ;
5
ESO —_K
MONEL = o
ALLOY
K-500 20
-400 -300 -200 -100 o 100
TEMP - F

FIG, 3.0331 CHARPY V IMPACT ENERGY AT ROOM AND LOW

TEMPERATURES FOR SOLUTION TREATED AND

AGED BAR,

200

T

G6Ni-29 Cu-3Al-0.5Ti

1

160

120

S~

SMOOTH K, = 1.0

B80T @ HR+AGE
é Q CD+AGE
40 a i
e = B
TENSION g -39
NOTCHED °©
o -
[JE— -
40
O
BENDING ;¢ .44
NOTCHED
[1] 1 1
-300 =200 ~100 0 100
TEMP-~ F

FIG, 3.0332 EFFECT OF LOW TEMPERATURE
ON BENDING AND TENSION IMPACT
ENERGY FOR NOTCHED AND

cooe 4116
PAGE 22

SMOOTH SPECIMENS.

1, p.9)

{26, p. 24)

ALLOYS

REVISED: JUNE 1976

86Ni-29Cu-3.5A1-0.5Ti
1/2 IN BAR

BAKED 910F, 4 MIN, WQ

CR + 950F, 8 HRS + SLOW COOL (15-25F PER HE) TO 900F
FINAL CONDITION Fpy =185 KSI, Rp= 37

CATHODICALLY CHARGED FOR %6HRS AT 1 AMP PER 5Q IN
IN 178F ELECTROLYTE OF ¢ PERCENT SULPHURIC ACID
POISONED WITH S0DIUM ARSENITE TQ SATURATION +

0 6.1

240 {— NOTCH TENSILE
%" STRENGTH
220
o a2
?ﬁ\\ i
200 b N O\ A ARGED
O ] .
5 180 X‘\ \i 2
B o 500F 400F[  A\350F
\<so>/
L O
160 010 ,072 ~h—c—
w0 b \.R=,001 _E_
120 _4! l

10

1
TIME TO FAILURE - HRS

100 1000

FIG. 3.03711 SUSTAINED LOAD FAILURE CURVES AT 350, 400, AND

500F FOR HYRROGENATED NOTCHED SPECIMENS.

(24, p. 25){(25)

0.063 IN SHEET

66Ni~29 Cu-3, SAl-0, 5T1

ANN OR ANN + AGE 1100F, 16 HR

1.00 t
C ANN
@ ANN + AGE

0.95

.//l/'w

0.90

NOTCHED TENSILE STRENGTH
Fry

V

e s

* 0,85 /e
g o
£ £
= R=.001 ES0 K=10
+,0005 T
s/ o
0.80 ) ao\( :
-500 -400 -300 -200  -100 ¢ 100
TEMP ~ F

FIG. 3.02712 NOTCH STRENGTH RATIO AT ROOM AND LOW
TEMPERATURES FOR SHEET IN ANNEALED AND
IN AGED CONDITION.

{16, p.47)



REVISED: JUNE 1976

220 . . -
66N1-29Cu-341-0.5T1
0.020 IN SHEET
:\ 1080F, 16 HR, AC
200 o
% .
R \
A
Y
I\
& 1680 \ hEY
w
¥ e
> Frys SMOOTH
2 -~
S 160 NOTCHED
P K,
=Y R=.025, K, =8.2
& Ses R=.010.K‘=6.3;
146 6.3 - 3 |
s Y 2
~s A
120 —Og— N W -
S~ - 60°
oo Fopys SMOOTH™ s‘f’. ~
= o f32
sl
-0,
A ~.
& S 28
~| e(2 D9, SMOOTH
\\
\\ i
- 24
- ~o
feo
20
-500 ~400 -300  -200 -100 0 100

TEST TEMP - F

FiG. 3.03713 TENSILE AND NOTCH PROPERTIES OF AGE
HARDENED SHEET AT ROOM AND LOW

TEMPERATURES. (2, TABLE 35)
Source (1, p-8)
Alloy 66 Ni-29Cu-3Al-0.5T1
Condition CD + Aped
Type of Test Creep
Stress, kei, for creep rate of
0.10 percent in 1,0 percent in

Temp - F 10, 060 hr 10,000 hr

750 68

800 47 as

900 25 48

1000 8.2 2l

1100 9.1

TABLE 3.041 STRESS REQUIRED TO PRODUCE 0.1 AND 1.0
PERCENT CREEP IN 10,000 HRS AT TEMPERA-~
TURES FROM 750 TO 1100F.

NONFERROUS ALLOYS

¢ - PERCENT

KSI

66Ni-29Cu-3A1-0. 5Ti
BAR
COLD DRAWN + AGED
100
R [
80 -
- 750F L]
Y BOOF
B 4
20 ot
30 ..‘%
/
20
//
/fooop
10 !
0.01 .02 04 .06 .08p,p

66 Ni

29 Cu
3 Al
05 Ti
MONEL
ALLOY
K-500

MIN CREEP RATE - PERCENT PER 1000 HR

FIG, 3,042 MINIMUM CREEP RATE OF BAR

RELAXATION LOAD LOSS - PERCENT

FROM 750 TO 1000F.

(1, P. 44)

=
[

66Ni-29 Cu-3A1-0.5Ti
SPRING STOCK
AGE BARDENED 1000F, 6 HR

S00F

"]

KSI
60

/
|

/]

-"""—

NI

=g

==
20
,--1;"‘

35

32 43
TIME ~ DAYS

1

(=]

64

FIG. 3.043 CREEP RELAXATION CURVES AT

500F FOR AGE HARDENED SPRING

STOCK.

(L, p.43
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NONFERROUS ALLOYS REVISED: JUNE 1976
66 Ni 66X1~29 Cu~3A10, 5Ti 86Ni-29Cu=3A1-0., 5T4
Y 100 | Bag 0.051 IN SHEET (162 KST)
HF + AGE CR, HALF HARD + AGE HARD
29 Cu|
3 Al e * D=0.81 N
. R=1.50 IN
05 Ti 200 a=0.255 IN + ,002 (4 HOLES)
40 - .\
MONEL 1% 900 ¢
ALLOY 160
- 7
K-500 = % 1000F |
1100F
120 \
@
10 N
80
g
10 100 1000 10,000 100,000
TIME - HR FLEXURE
FIG. 3.044 CREEP RUPTURE DATA AT 750 TO 1100F ®r ® RT
FOR BAR. (1L, p. 44) © -10F
A -320F
A -423F
0
10t 107 108 107 108
CYCLES TO FAILURE
FIG. 3.052 S-N CURVES FOR NOTCHED COLD
. ROLLED SHEET AT ROOM AND LOW
Se— b TEMPERATUREE, {4 5 35}
i
b e =01
[ oy
7T
[r—
t
a=0,187 - 0.188 IN DIA (3 HOLES)
b=0.808 +.002 IN
©=0.378 £ .002 ¥
d=0.147 + ., 002 IV
€=0.700 +.002 IN
£=1.400 +.002 IN
E=0.40
160 | 66Ni-29Cu-3AF-0.5Ti _
80 T T
0.051 SHEET (182 KS.
CR H.;NLF HARD(+ AGED E6NE-29Cu=34A1-0.5T4
! ©.020 [N SHEET
120 1 4
! 60 FLEXURE .
_ R=-1
R=-1 750 RPM
o i o 2 |
[72) —
F 3 o
K=1 X
wol® ™F
[ =11 1800
O -10F ) 1300CPM 20 I 27 ANN (88.3 KSD)
A -320F HT (153
A -423F 3450 CPM [ ] ( KSh)
0 L L 4] | |
10 10° 10° 107 10° 105 106 107 108 10?
CYCLES TO FAILURE CYCLES TO FAILURE
FIG. 3.051 5-N CURVES FOR SHEET AT LOW AND FIG. 3.053 S-N CURVES FOR ANNEALED AND
ROOM TEMPERATURE. HEAT TREATED SHEET AT ROOM
{1, p. 9){4, FIG. 25) TEMPERATURE, {11)
coce 4116
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REVISED: JUNE 1976

NONFERROUS ALLOYS

B6Ni-20 Cu-FAl~0. 5Ti
0.050 IN SHEET 66 Ni
140} ANN + AGE 4 TEMP -F | Fr - K8I| P, 29 ¢
_ o 153 1300 u
7 Tq A -320 180 1800
2120 3 Al
' O -423 196 2400
- .
%100 —Cn 16 RMS SURFACE 0.5 Ti
& FINISH
& 80
4 | FLEXURAL BENDING W MONEL
“ 60 f— R=-1 4 ALLOY
] K-500
wl L F | | \IO\I‘O‘
5 2 5 5 2 5 2
104 10° 108 107
CYCLES TO FAILURE
FIG. 3,054 FLEXURAL BENDING FATIGUE FOR ANNEALED AND
AGED SHEET WITH 16 RMS SURFACE FINISH AT ROOM
AND LOW TEMPERATURE, (15, p. K4, 5}
. ! i Source {1, p.40) (35)
66Ni-20Cu-341-0, 5T Alloy B6N1-29Cu-3A1-0. 511
0.050 IN SHEET Fatigue
140 [ ANN + AGE T TEMP - F | Pyy - KSI | oo - Form and Condition "Limit Ratto:
= a) 0 149 1500 5
4 Fu 10¥ eycles Fatigue limit
2 00 A =820 177 1800 | o) kst S
2 O -4 194 | 2400 L
2 = B | "W
2100 . 90 RMSSURFACE FINISH Annealed 88 38 0.43
& Q\o\ Hot Rolled 99 43 0.43
% 80 2 Hot Rolled, Aged 155 61 0.33
= 3 L Cold Drawn 120 4 0.37
, | FLEXURAL BENDING Cold Drawn, Aged 170 41 0.28
st - = =1 Strip (b)
' | | | i Anpeated 88 27 0.31
a0 Spring-Temper Aged 153 37 0,24
5 2 5 2 5 2z S 2 {a) R.R. Moore specimens at 10, 000 rpm.
10t 10 168 107 (b) Loengitudinal flat strip, flexure, R = -1.
CYCLES TO FAILURE
TABLE 3.056 TENSILE STRENGTH AND FATIGUE LIMIT AT
FIG. 3.055 FLEXURAL BENDING FATIGUE FOR ANNEALED AND 108 CYCLES FOR ROD AND STRIP IN SEVERAL
AGED SHEET WITH 80 RMS SURFACE FINISH AT ROOM CONDITIONS
AND LOW TEMPERATURE, (15, p. K-4,5)
Source (1, p.42)
Alloy 68Ni-29Cu-3A1-0.5T1
Form Bar
Hot Rolled, Aged Cold Drawn, Aged
Condition Palished | Owidized (3) | Polished | Oxidized
Fra. kst 71 173,35 1745 T67.5
Fatigue strength at 108 cyvles
(R.R. Moore, R = -1), ksi 50 39,5 57 39.5
Ratio, Fatigue strength 0.29 0.23 o
Tensile strength ) -33 0.24
{a) Oxide gurface produced by age hardening in air,
TABLE 3.057 EFFECT OF SURFACE FINISH ON TENSILE AND FATIGUE STRENGTH
OF BAR
cone 4118
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MAX STRESS - KSI
[
-4

66Ni-29 Cu-3AL~0.5T1
66 Ni 0.5 TO 1.0 [N BAR
29 Cu o . Ror;'rficl; BEAM
3 Al N 10,000 RPM
05 Ti
§0
MONEL
ALLOY @
W @
K-500 & @ CD + 1070F, 16HR, FC
+ REFR. (-110F), 24 HR
A CD +1070F, 16HR, FC
20 © CD +STRESS REL, 525F, 3HR
® HR + 1080F, 16HR, FC
0 I ] |
10 108 10" 1f 10°
CYCLES TO FAILURE
FIG. 3.058 §-N CURVES FOR HOT ROLLED AND
COLD DRAWN BAR AT ROOM
TEMPERATURE. (10, p. 74-TT)
h T L
86Ni-29Cu-3A1-0,5Ti
5/8 - 1/8 BAR
200 ANN + AGE TEMP - F IFTU—KSI|CPM
o T 153 2400
p & a0 186 2400
5 o -423 200 2400
160 —
- 32 RMS SURFACE FINISH
&
E 120 W -
= AXIAL 9
80— R=0
40 | | ! i | |
2 5 2 5 2 5 2
10 10 10% 107
CYCLES TO FAILURE
FIG. 2.059 AXIAL FATIGUE OF BAR AT ROOM AND LOW
TEMPERATURES. (15, p. K-11)
cooe 4116
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5/8 - 7/8 BAR
160 | ANN + AGE TEMP - F |Fr - Ks1 cPM
o 70 158 |10,000
140 b Fel A & -320 ) 183 ’10.000 |

66Ni-28 Cu~3A1-0,5Ti

a o
[ . & RMS SURFACE FINGH

o

[y
(=
{=

G —

0

ROTATING BENDING \O\d

=1 e

60—

| | P4 ]

3 5 3 5 3 5 2

10* 105 108 107

CYCLES TO FAILURE

FIG. 3.0520 ROTATING BENDING FATIGUE OF ANNEALED AND

AGED BAR AT RT AND -320F.

(15, p. K-15)

5 .
66Ni-29Cu-3.5A1-0. 5T1
1 IN PLATE
H.T. TO TENSILE PROPERTIES SHOWN
:, a _
3} 7" TOTAL STRAIN
g
: L Fpy = 170 KS
uoo Fry =125 KSI
% e(2 IN) = 24 PERCENT
= RA = 36 PERCENT
P LY E = 26 x 103 KSI
< 0,5 -
-3 ~L
7 .
. PLASTIC STRAIN
.
0.2 AXIAL —t
R=-1
1 ¢PM
0.1 | | ?_[?
2 5

10°
CYCLES TO FAILURE

FIG. 3,051 LOW CYCLE FATIGUE OF PLATE.

(18, p. A-T)
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440 . :
66N1=29Cu-3.5A1-0. 5Tk
1 ¥ PLATE o
w0 L H-T. TO: Fry =170 K81 el
Fpy=125 K8l /
e (2 IN} = 24 PER~
CENT
320 - RA = 36 PER7—
CE. o

FROM LOW-
CYCLE FATIGUI:]
TESTS

STRESS RANGE - KSI
[
5

=
=2
=

// O DATA POINTS

E = 26 x 10° k&1
BO /] ‘ — : ;

t T

GENERATED FROM LCF TESTS AND E

o | | I |
0 0.4 0,8 1.2 1,6 2,0 2.4
STRAIN RANGE - PERCENT

FIG, 3.0512 CQYCLIC STRESS - STRAIN CURVE.

(18, p. A-T}
Source (19, p.26) (20)21)
Alloy 66Ni~29Cu-3A1-0.5Tu
Condition Net Specified
Form Sheet Strip, 4 x 1/2 x 1/16
(20) (21)
Cycies of 180° Bepd | Cyeles of 180° Bend
Exposure Conditions
None 45 32
13 bhr, 29.4 ksi 31 -
18 hr, $8.8 ksi 31 -
20 days, 7.8 ksi - 16
4 days, 52 ksi - 18
60 days, 52 ksi - 2

TABLE 3,0513 BEND TESTS IV AIR (180° BENDS TQ FAILURE)

AFTER EXPOSURE TO HIGH PRESSURE
HYDROGEN

NONFERROUS ALLOYS

TOTAL STRAIN RANGE - MICROINCHES PER IN

FIG. 3.0514 FATIGUE CRACK GROWTH IN COMPLETELY
REVERSED FLEXURE FOR PLATE IN AIR AND
IN SIMULATED SALT WATER ENVIRONMENT.
{27, p.p. 3,6,9)

66 Ni
29 Cu
3 Al
05 Ti
MONEL
ALLOY
K-500
B6NI-29 Cu-3A1-0, 5Ti
3/4x 21/2 IN PLATE
jo00 | 1100F, 16 HR, FC
(BHN 179, Fpy= 154 K5I, Fpy = 103 KSI
e (1/4 IN) 25 PERCENT, RA 31 PERCENT)
1 . 1
e 500 SALT WATER ;
o ENVIRONMENT ATR
5
e
£ 200 [© 3 5 PERCENT SALT
w WATER CIRCULATED,
= THROUGH CELL !
B 100 b ¢OVERING & TEST
g SECTION O AR
& ; O @ SALT WATER
5 50 . (2 SPECIMENSH
1]
5]
E {
= - Y =k
o 20
5 ,
£ 1w ’
] ]
= 5 1/4 IN LENGTH CENTER _
© SURFACE NOTCH |
<
oF g 2 1/2‘7/'
2 | Wi . .
i
10 END DISPLACED
1 ] | R=-1 | |
2 5 z 5
10° 10! 10°
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66 Ni 86Ni-29Cu-3A1-0. 5T
1 0.148 IN DIA SPRING WIRE, 65 PERCENT
REDUCTION
29 Cu 980F, 6 HR, + 900F, 6 HR
3 Al Fpy = 197 KSI
Fgy = 137.2 K81
05 Ti| s«
MONEL
acoy L
K-500
MEAN STRESS
10 Xsi
@
=4
' 50
=2
=
=
=
5 MEAN STRESS
@ 20 KSI
= 45 ’
&
0
35
10% 107 108
CYCLES TO FAILURE
FIG, 3.0515 TORSIONAL FATIGUE STRENGTH OF
SPRING WIRE, @. p. 43)
28 1] T
66Ni-29Cu-3A1-0.5Ti
€D
E \
- E (DYNAMIC) \
§ = \
22
0 200 200 600 800G 1000
TEMP - F
FIG. 3.062 MODULUS OF ELASTICIY. @ p. 9
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66Ni~-29Cu-3,5A1-0.5T1

0.063 IN SHEET, BUTT WELDED
ANN + GTA WELD OR ANN + AGE + GTA WELD OR ANN +
GTA WELD + AGE
ALL AGING 1100F, 16HR

200
D\\ . \Q
sl )
s 160 &
Fay =
b\ﬁ F. T - —0 =
TU ]
=4
. £
IS = 120
© @ ANNEALED, WELDED = e
A A PREAGED, WELDED Py
0 @ WRLDED, POST AGED
160 80
L
-.E_.
120
g .~
1 el .
- .« e
£ s0 <~

40 0 £
[= &
30 2
Ry 1 e{2IN) 3
o T '--...._____JL ( J‘ o
= = 20 !
L :

] A il

1]

=500 -400 -300 -200 -100 0 100

TEMP=-F

FIG. 4.037 TENSILE PROPERTIES OF BUTT-WELDED SHEET WITH
AND WITHOUT AGING TESTED AT ROOM AND LOW
TEMPERATURES. {16, p.p. 45, 46)
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1 | 1 -
66Ni-29 Cu~3.5A1-0. 5T1
0_063 LN SHEET
ANN + GTA WELD OR ANN + AGE + GTA WELD OR
ANN + GTA WELD + AGE
ALL_AGING 1100F, 16 HR
I “To
::z.! 100 —
&
& O ANNEALED, WELDED
% g0 & PRE-AGED, WELDED
- 0 WELDED, POST AGED
Q
z
&l A\, I |
g0 =
& Tal
= = .-"-u
= - —
g e
60
-500 -400¢ =300 =200 =100 0 160

TEMP - F

FIG. 4.038 WELD EFFICIENCY OF BUTT WELDED SHEET

WITH AND WITHOUT AGING TESTED AT ROOM
AND LOW TEMPERATURES, {16, p.p. 45, 46)

6BNi-29 Cu-3Al-0.5Ti %
0.020 IN SHEET
AGE HARDENED 1080F, 16 HR OR GTA
WELD + 1080F, 16 HR .
@& O BUTT-WELDED
® O BASE METAL
200 al
N 4.
™
N
N "o
180 AN -
2 \\Qj\“ - 5
150 I .
L -~
]
140 - - oW PV 7.
e ~~L I
A
20 & 8
=
* v — = ‘
<2
d g | 10 &
10.
0
-560  -400 300  -200  -100 o 100
TEMP - F
11.

FIG. 4.039 EFFECT OF LOW TEST TEMPERATURE ON

TENSILE PROPERTIES OF BASE METAL AND
BUTT-WELDS IN SHEET. {1, p- 37}

NONFERROUS ALLOYS

66Ni-29 Cu-3Al-0, 5T1
RCD

GMA WELDED USING MONEL
WELDING ELECTRODE 134

AGE HARDENED AFTER WELDING

50
40 \\
E \
R=-1
20
10f 10° 108

CYCLES TO FAILURE

FIG. 4.0310 FATIGUE PROPERTIES OF
WELDED JOINT, {1, p.48)
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