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GENERAL

This alloy is a semi-austenite precipitation-hardening
stainless steel. It is 3 modified 17-7PH alloy in which
2 to 3 percent molybdenum is substituted for an equiva-
lent percentage of chromium, thus higher strengths can
be obtained both at room and elevated temperatures in
the various heat treated conditions (16). The alloy can

be considered for utilization at temperatures up to 1000F.

PH 15-7TMo is essentially austeaitic at room temparature
in the annealed or solution-treated condition, but can be
wansformed to martensite by a series of thermal treat-
ments or by eold working. The alloy can then be further
hardened by thermal treatment to strengths in excess of
200 ksi at room temperature (9). The alloy is avaliable
in sheet, strip, plate, bar and wire form. It ean be
formed readily in the annealed condition and is easily
welded by various methods, Its heat treatment is identi-
cal with that of 17-TPH and much of the information
available for she latter alloy afso applies to PH 15-7TMo
).

1.01 Commercial Designation
PH 15-TMo
1.02 Alternate Designation
AISI No. 632
1.93 Specifications
Table 1.03
TABLE 1.03
AMS | ASTM Form Military
5520A - Sheet, Strip, Plate | MIL-A-8955 (ASG)
5657 A461, AS564 Bars and Forgings -
5812B - Welding Wire -
58134 - Welding Wire =
1.04 Composition
1.041 Specification composition, Table 1.041,
TABLE 1.041
AMS (1)2)
Source ASTM (5)(6) AMS (3)(4)
MIL (7) (k)
Element Percent Percent
Min Max Min Max
Aluminum 0.75 1.50 0.75 1.25
Carbon - 0.09 - 0.09
Chromium 14,00 16.00 14,00 |16.25
Manganese - 1.00 - 1.00
Molybdenum 2.00 3.00 2.00 2.75
Nickel 6.50 7.75 6.50 7.75
Phosphorus - 0.04 - 0.025(c)
Silicen - 1.00 - 0.50
Sulfur - 0.03(n} - 0.025
Iron Balance Balance
(a) 0.040 for ASTM A461(5) and MIL-5-3955 (ASG)(T)
(b} Maximum 50 ppm oxygen and 25 ppm hydrogen for
AMS 5812B (3)
{c) 0.010 for AMS 5812B (3)

1.042

Typical producer composition, Table 1.042.

TABLE 1.042

Source (8, p. 571)
Alloy Fe-15Cr-7Ni-2.5Mo

Element Composition
Aluminum 1l.28
Carbon 07
Chromium 15.05
Manganese .69
Molybdenum 2.30
Nickel 7.16
Phosphorus .019
Silicon .20
Sulfur 617
Iron Balance

1.05
1.9051
1.0511

1.0512

1,052

1.053

1.054

1.055

1.06
1.061

1.082

1.063

1.0631

1.064.

1.07
1.071

1.072

1.08
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Heat Treatment

Solution treat to Condition A,

Sheet and strip. 1923 to 1975F, 3 minutes per 0.1 inch
thickness, air cool (1H9).

Bar and forging. 1925 to 1975F, water quench (2)(5){7);
1875 to 1925, water quench (6).

Age condition A to Condition TH 1050. 1375 to 1425F,
11/2 hr (austenite conditioning), air cool 1o 50 to 60F
within 1 hr, hold at 50 to 60F, 1/2 hr (Condition T) +

Fe
15 Cr
7 Ni
2.5 Mo

1040 to 1060F, 1 1/2 hr, air coal (1)(2)5HEHT).

Age Condition A to Condition RH 850. 1735 to 1765F, 10°
minutes (ausienite conditioning), air eool (Condition A
1750} +-90 w0 =120F, 8 hr (Condition R-100) + 940 to
960F, 1hr, air cool (2){(5)(6)(7)-

Age Condition C of sheet {cold rolled) or wire (cold
drawn) to Conditlon CH 900, 890 to 810F, 1 hr, air cool
(799).

TH and RH conditions are also used with different final
age bhardening temperatures, ¢.g., TH 1150, RH 1050,
etc. Effect of aging temperature on tensile properties
of sheet in various RH coxlitions, Figures }.055 and
1.0551.

Hardness
Typical hardness of sheet for various coaditions,
Table 1.061.

TABLE 1.061

@, p- 2, 14} |11, p. 66}
a)

Alloy Fe-13Cr-7Ni-2.5Mo

Condition Roclowell Hardness €
A 100 (b)(c) 90M)
T 28 28
TH 1050 40 45
A1750 85(b) 85(b)
R 100 40 40
RH 950 45 48
C 41 45
CH 900 46 50

(@) Applies io material .010 irch and
thicker.

{) RB

{¢) maximum

Scurce

Effect of aging temperature on hardness in Conditon
RH 950 (see 3.0214).

Effect of cold work in Condition A on hardness in
Condition TH 1050, Table 1.063.

TABLE 1.083

PHI5-7Mo

Source

{2, p. T

Alloy

Fe-15Cr-TNi-2.5Mo

Conditien

A+ CR + TH 1050

Percent Reduction in

Hardrese, RC

Thickness (by rolling)
[1]

44.

20 43
30 42.

h O 6

Effect of modified TH 1050 heat treatment oa cold
worked properties {see §Ecia.l Consideraticas, secticn
1.095).

Relationship between hardness and sirength for heat
treated conditions, Figure 1.064.

Forms and Conditions Available

Alloy is availabie in the full commercial range of sizes
for sheet, strip, plate, bar, wire and welded tubing 42).
Alloy is available in the Condition A for the full range of
products. Strip up to 0.050 inch thick and wire up to
0.050 inch diameter are alsg available in Conditien C

amn.

Meliing and Casting Practice
Conventional staintess steel melting and casting practices

are used. Induction and consumable electrode vacuum
relts are alse available.

CODE

1503
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Special Considerations

Alloy is available in numerous forms (see 1.071), but
the primary usage is in the sheet and strip form (13).
In common with the general class of precipitation hard-
ening stainless steels, this alloy is unstable during ex-
posure to temperatures exceeding about 500¥F. This in-
stability is reflected in an increase in the yield strength
and a decrease in fracture toughness. The transverse
direction has lower toughness than the longitudinal direc-
ton.

Dimenstonal changes during heat treating te Conditions
TH 1050 or RH 950 need corsideration and speeial pro-
visions must be made for machining and tooling.

1.094 Tharough cleaning prior to thermal treatments is recom~-
mended in order to avoid carburization and to minimize
difficulties when descaling.

1.085 A modified TH 1056 heat treatment has been developed o
compensate for cold werking in Condition A when TH 1050
properties are desired (9,p.70). The treatment is as
follows:

Austenire Condition Air Cool & Refrigerate
1530F X 25F 80 min =~ OF X 10F ¢ hrs
Precipitation Harden
1050F * 10F 90 min

2. DPHYSICAL AND CHEMICAL PROPERTIES

2.01 Thexmal Properties

2.011 Melting range. 2580 to 2640F.

2.012 Phase changes. Similar to those in 17-7PH.

2.0121 Time-temperature-ransformation diagrams.

2.013 Thermal cenductivity, Figure 2.013.

2.014 Thermal expansion, Figure 2.014,

2.015 Specific heat, 0.11 Btu per Ib F.

2,015 Thermal ciffusivity

2, 017- Dilatometer curve indicating dimensional changes during
heat treatment from Condition A to Condition RH 950,
Figure 2.017.

2.02 Other Physical Properties

2.021 Density, Table 2.021.

TABLE 2.021
Source 4, p. 76)
Alloy Fe-15Cr-7Ni-2.5Mo
Condition K [TH 1050 | RH 550 JCH 500
1b per cu in 0.282 0.277 0.277 0.277
gr per cu cm 7.804 7.685 7.680 7.687

2,022 Electrical resistivity, Table 2,022.
TABLE 2.022
Source (9, p. 16)
Alloy Fe-15Cr-7Ni-2.5Mo
Caondition A | TH 1050 ] RH 850 ] CH 500
Microhm - inches | 31.5 [ 32.3 | 327 | 331

2.023 Magnetic properties. Permeability, Table 2.023.
TABLE 2.023
Source {9, p. 76)
Alloy Fe-15CT-TNi- 2. 370
Permeability
Field Strength [Condition Condition Conditicn | Conditon
Qersteds A TH 1050 RH 950 CH 800
25 5.1 142 5 -
50 5.2 147 18 -
100 5.1 94 87 76
200 4.7 55 53 14
maximum 5.3 150 119 125

2.024
2.025

conE 1503
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Emittance, Figure 2.024.
Damping capacity.
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Chemical Properties
Corrosion resistance {see also 17-7PH).

1 General corresion resistance of PH 15-7Mo in Condition
TH1050 and RH 956 {s superior to standard hardenable
types of stainless steels such as Types 410, 420, and
431, bat is not quite as good as Type 304 (9).

2.0312 Corresion rate in several corrosive media, Table
2.0312.
TABLE 2.0312
Source @, p. 86)
Alloy Fe-15Cr-TNi-2.3Mo
Form 0.050 _Inch Sheet
Condition TH 1050 RH 950
MPY* MPY*
Hp504, 95F
1 percent 273 0.5
2 percent 78 6.7
S percent 453 462
Hy80,, 176F
1 percent 560(3) 690{2)
2 percent 1300(2) 1440Q1)
HCI, 95F
0.5 percent 31 6.3
1 percent 280 152
HNOa, Boil
25 percent 118 36
50 percent 51z 128
65 percent 748 210
Formic Acid, 176F
5 percent 161 7.3
10 percent 123 74
Acetic Acid, Boil
33 perecent 3.0 7.6
60 percent 33 6.8
H3P04, Boil
20 percent 15.4 22.2
50 percent 97 52
70 percent 600(3) 277
NaCH, 176F
30 percent 43 3.3
NaOH, Boil
30 percent 142 139
MPY = Mils Per Year
Rates were determined by total immersion for
five 48-hour periods. Specimens were activated
by brief exposure to DC current for the last three
test periods except in the 65 percent niwrie aecid or
where brackets indicate total number of immersion
periods. .
2.0313 Stress corrosion cracking. Results of stress-cracking
exposure {ests on sheet in various conditions at Kure
Beach, Table 2,0313.
TABLE 2.0313
Source (9, p. B8)
Alloy Fe~15Cr-TNi-2.5Mo
Form Sheet
Original
Properties|Stressed 60 Percent Fry Stressed 40 Percent Ft}.
Fry|Fry [stress{Days to Failure [Stress|Days to Failure
Condition | ksi | ksi ksi |80ftlot[800Mt lot | ksi [30ft lot|8004t lot
TH 1050 |222 |212 127 [182 NF 85 NF NF
217 {209 125 73(4) | NF B84 NF NF
215 J206 124 71{2) | NF 82 NF NF
RH 850 |243 218 131 28.2 | 179{4) 87 92(3) | 348(1)
243 |220 |13z | 22.2 | 126(4) | 88 74(4) | NF
239 [218 131 19 1654(4) 87 §2(1) | NF
RH 1050 |227 |219 131 14{4) | NF a8 NF NF
222 {215 |[12% |212¢2)| NF 86 NF | NF
[NF denotes no failures after 400 days.
( } Denotes number of specimens failed at average time shown.
Rematnder of 5 apecimens not failed afier 400 days.

2.03131 Salt coated specimens of this alloy in Condition 1080
exhibit excellent resistance to stress corrosion erack-
ing at 550F for exposure times t6 10, 000 hours; however,

it does show susceptibility to pitting (15).
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2.0314 Interprasular corrosion may oceur during acid pickling, 3.013 Producers’ puaranteed mechanical properties for sheet,
exeept in Conditions A and CH 900. strip, and plate, Table 3,013, Fe
2.0315 Hydrogen embrittlement may occur during plating and
recommended procedures for preventing same mnst be TABLE 3.013 15 Cr
followed (12). Source {8, p. 2)
2.032 Oxidation resistance (see 17-7PH). Alloy Fe_LSCr-7Ni-2.5Mo 7 Ni
Form Sheet, soip, plate
2.04 Nuclear Properties |Condition A] THIDs0 | RA9s0 | C Jomeod| 2.5 Mo
Thickness + 10.0015|0.1875 [0.0015]0.1875{0.0015 0.0015
- Inch All] to o to te 1] to
3. MECHANICAL PROPERTIES 0.18740.6250 |0.15740.6250]0.050 {0.050 | PHIS-7Mo
Ftu' miniraum ksi - 190 190 225 225 {200 240
3.01 Speeific Mechanical Properties maximum ksi | 150 | - - 1- - |- -
3.011 AMS and MIL specified mechanical properties for sheet, Fp,+ minimum ksi - {170 | 170 |200 | 200 [175 | 230
strip, and plate, Table 3.011. maximum ksi 85 | - - - - - -
e(2 in), min-percent
0.0015-0. 0049 25 | 2 - 1 - 1 1
0.005 - 0.0098 | 25 3 - 2 - 1 1
0.010- 0.0199 | 25 | 4 - 3 - 1 1
0.020 - 0,036% 25 5 - 4 - 1 1
TABLE 3.01t 0.036 - 0.1874 25 5 - 4 - 1 1
Sourge AMS 1) MIL {7) 0.1875- 0.6250 25 | - 4| - 4| - -
Alloy Fe-15Cr-7Ni-2.5Mo =0.6250 25 | - - - - - -
Form Sheet, Strip, Pliate RA, min --percent - - 20 - 20 | - -
Conditon A TH 1050 [RH 950 C CH 900 Hardness
QW@ oE Lo (] ) RB, maximum 100 | - - - - - -
Fi, - max - ks 150 - - - - RC, minimum ~ | a0 | 20 Yas | a5 | a1 | 48
min - ksi - 190 225 200 240 BHN maximum - - 372 - 426 - -
Fgy - max - ksi 85 - = - N Transverse tensile data
min ~ kai - 170 200 175 230
e{2 in) min - percent
T:l%ﬁe;f 0'1;:;‘ 25 _ _ 1 1 3.02 Mechanical Properties at Room Temperature
0.0015 - 0.004 _ 2(a) 1) _ - 3.021 Tension {see also 1.055)
0.005 - 0.009 _ 3 2 _ R 3.0211 Stress-strain diagrams. . .
0.010 - 0,015 _ 4 3 _ N 3.0212 Typical tensile properties for various conditions of
0.020 - 0.187 . 5 4 _ . sheet, strip, and plate, Table 3.0212.
{0,388 - 0.500 - 1 5 - - TABLE 3.021%
Hardness Source (%, p. 14){16, p. 5)
RB, max 1e0(a) - - - - Alloy Fe-15Cr-1Ni-2. 5Mo
RC, min - 40 40 - - Form Sheet, oirip, oate |
(@) | (@) Condition A T |C |TH A R | RH | CE
(a} AMS only | ® 1050 {1750 § 100 | 950 |900
{b) For thicknesses greater than 0.010 (16) | (18} | (16} | {(2)16}| (DKL) (D16} ] (16)
. Fry - ksi [130 | 145 | 220 210 ] 150 180 | 240 ]265
F, = ksi 55 90 | 190 200 55 125 | 225 {260
e(?i.n) - percent| 35 7 5 7 12 7 [} 2
3.0213 Effect of solution tereperature on tensile properties in
Conditlons A, TH 1050, and RH 950, Figure 3.0213.
3.0214 Effect of aging temperature on tensile properties and
3,012 AMS and ASTM gpecified mechanical properties for bar, hardness in Condition RH 850, Figure 3.0214.
Table 3.012. 3.0215 Effect of exposure to elevated temperatures on tensile
properties of sheet in Conditions RH 850 and TH 1050,
Figure 3.0215.
3.0216 Effect of exposure fime to elevated temperatures on
strength properties in Condition RH 1075, Figure 3.0216
3.0217 Effect of exposure time, elevated temperatures, and
load on tensile properties of sheet in Condition RH 950,
TABLE 3.012 Table 3.0217.
Scurce AMS (2}, ASTM {5) TABLE 3.0217
Alloy Fe-15Cr-7Ni-2,5Mo Source 2)
Form Bar Form 0.050 Inch Sheet
Condition TH 1050 RE 950 Condition RH 950
6 inch diameter and{0.250 |0.625 |6 inch diameter and 1000 hours exposure Properties After Exposure
. under or distance | to | to [under or diswance Temperature] Load | Reom Tem e (2 in) |
Thickness-Inchest oo parallel [|0.625| 6 |[between paraliel g F ksi Fpy - ksi ? percexf:. 1?
sides  (2) B) [ B) |[sides (2) (5} AT = 218 5
Fiye min - ksi 180 185 | 150 200 600 80 252 6.5
Ftyl min - ksi 169 160 | 150 175 200 283 3.5
2(2D), minirmum- 700 a0 276.2 4.25
percent 8 10 8 T 190 302.1 2.25
RA,min-percent 25 30 25 25 ) 800 40 2B2.4 4.5
Hardness, BHN, 170 308.3 1.7%
inimum 375 371 | 375 415 900 20 249.8 5.5
* ASTM gives 418. 70 262.4 4.0
COOE |503
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3.0218 Effect of thickness on tensile properties of sheet,
Fe Figure 3.0218.
3.0219 Efiect of reduction by shear forming on tensile proper~
15 Cr ties of sheet, Figure 3.021%.
. f3.-02111 Effect of reduction by cold working in Condition A on
7 Ni | tensile properties in Cendition TH 1050, Table 3.02111.
TABLE 3.02111
25 Mo Source 9, p. 70)
Alloy Fer13Cr-TNi=-2,5Mo
- Form 0.050 Inch Sheat {Initial Thickness)
PH [5 TMO Condition [H 1050
Percent Reduerion in Thick- | Fry - ksl Fuy el in}
ness (by rolling) Conditfon A| (0.2 percent) | ksi percent
[1] 188 199 3.5
20 163 191 10.8
30 150 18% 11,4
(a) Longitudinal data
b) Cold working PH15-7Mo in Condition A produces no
deleterious effect on mechanical properties in Condition
RH 950 (9, p. 71).
3.02112 Effect of percent ¢old reduction and cold reduction
temperature on yield strength, Figure 3.02112.
3.022 Compresgion.
3.0221 Stress-strain diagrams (see Figure 3.0321).
3.023 Impaet.
3.024 Bending.
3.025 Torsion and shear.
3.0251 Effect of reduction by shear forming on shear strength
of gheet, Figure 3.0251.
3.026 Bearing.
3.0261 Bearing properties of sheet in Conditions TH 1050 and
RH 950, Table 3.0261.
TABLE 3.0281
Source {8, p. 44)
Alloy Fe-15Cr-7Ni-2, 5Mo
Form . ___Sheet
Sheet Test S Phry Foru
Condition| Thickness|Direction|{ D ksi kst
inch
THI050 | 0.064 L 1.6 339 402
2.0 345 497
T 1.5 EFE) 410
2.0 378 463
0¢.050 L 1.5 316 418
2.0 342 501
T 1.5 343 427
2.0 342 504
RH 950 0.064 L 1.5 350 455
2.0 390 543
T 1.5 366 471
2.0 372 507
0.050 L 1.5 344 470
2.0 405 564
T 1.5 346 476
2.0 349 487
Each value represents the average of three tests.
3.027 Stress concentration.
3.0271 Notch properties.
3.02711 Effect of aging temperature on skarp notch strength of
sheet in various RH conditiens, Figure 3,02711.
3.02712 The effect of crack length on percent of tensile strength
of sheet, Figure 3.02712.
3.0272 Fracture toughness.
Condition Kg (plain stxain)
TH 1050 63 ksi~/in
RH 950 52 ksivin
Valid plain strain froctare toughness, Kg,, data which
have been derived from tests that conform In all aspects
to the ASTM Recommended Practice appears 1o be lack-
ing for this material (22). However, data reported by
Steigerwald can be presented as KQ and used as a quali-
tative measure of fracture toughness (23). For example,
the above data indicates a strong dependence on heat
treat condition {this also applies to 17-7PH) (23). Due
to the relatively low fracture toughness which exists for
PH 15-TMo and 17-7PH in Condition RH 950, the
copE |503
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3.03111

3.03112

3.03113

3.03114

3.0312

3.03121

3.03122

$.0313
3.03131

3.03132

3.03133

3.03134

3.0314

3.03141

3.03142

3.0315
3.03151

3.03152

3.03153
3.03154
3.032
3.0321
3.0322
3.,0323
3.033
3.0331
3.034
3.035
3.0351
3.0352

3.036
3.0361

3.0362
3.037
3.0371
3.03711

3.03712

PH 14-5Mo alloy should be used when a combination of
high strength and high fracture toughness is required
(8.p.14).

Combined properties.

Mechanieal Properties at Various Temperatures
‘Tension.

Stress-strain diagrarms.

Stress-strain curves for sheet in Conditions TH 1050
and RH 950 at elevated temperatures, Figure 3.03111.
Stress-gmrain curves at room and low temperature for
sheet in Condition RH 950, Figure 3.03112.
Stress-strain curves in tension for sheet in Condition
TH 1050 at elevated temperatures and for various expo-
sure times, Figure 3.03113.

Stress-strain curves in tension for sheet in Condition
RH 950 for various exposure times at elevated tempera-
tures, Figure 3.03114.

Tension properties for Condition TH.

Effect of test temperature on tensile properties of sheet-
in Conditions TH 1050 and RH 950, Figure 3.03121.
Effect of exposure and test temperature on tensile
properties of sheet in Condition TH 1050, Figure 3.03122
Tension properties for Condition RH.

Effect of test temperature on tensile properties of sheet
in Condition RH 950 (see 3.03121).

Effect of test temperature on tensile properties of ex=
posed and unexposed sheet in Condition RH 1050,

Figure 3.03152.

Effect of test temperatures on tensile properties of ex-
posed and unexposed sheet in Condition RH 1100, Figure
3.03133%.

Effect of low test temperature on tensile properties of
sheet in Conditon RH 850, Figure 3.03134,

Teasion properties for Condition CH.

Effeot of test temperature on tensile properties of ex-
posed and unexposed sheet in Condition CH 909, Figure
3.03141,

Effect of test temperature on tensile properties of sheet
in Condition CH 900, Figure 3.03142,

Teusion properties for various conditions.

Effect of exposure temperature on tensile properties of
sheet in Conditions TH 1050 and RH 950, Figure 3.03151.
Effect of low test temperature up to 200F on tensile
properties of sheet in Conditions RH 950 and CH 1100,
Figure 3.03152,

Effect of test temperature on tensile properties of plate
in Condition TH 105¢, Figure 3.03153.

Effect of test temperature on tensile properties of plate
in Condition RH 950, Figure 3.03154.

Compression.

Stress-strain curves in compression at elevated tempex—
atures for sheet in Conditions TH 1050 and RH 950,
Figure 3.0321,

Effect of test temperature on compressive yield strength
of sheet in Conditions TH 1050, RH 950 and CH 900,
Figure 3.0322.

Effect of exposure time and iest temperature on com-
presgive vield strength of sheet in Condition TH 1050,
Figure 3.0323.

Impact.

Eiffect of low test temperature on impact strength of
alloy in Condition TH 1050 and RH 950, Figure 3.0331.
Bending.

Torsion and shear.

Effect of test temperature on shear swength of sheet in
Condition TH 1050 and RH 950, Figure 3.0351.

Effect of exposure time and test temperature on shear
strength of sheet in Condition TH 1050, Figure 3.0352.
Bearing.

Effect of exposure time and test temperature on bearing
properties of sheet in Condition TH 1050, Figure 3.0361,
Effect of exposure time and test temperature on bearing
properties of sheet in Condition TH 1050, Figure 3.0362.
Stress concentration.

Notch properties.

Effect of t2st temperature on notch and crack strength
of sheet in Condition CH 900, Figure 3.03711.

Effect of test temperature on notch and crack strength
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3.03713

3.03714

3.03715

3.03716

3.03717

3.0372

3.038

3.04
3.041

3.042

of sheet in Condition RH 1050, Figure 3.03712.

Effect of test temperature on the sharp notch strength
ratio and crack strength ratio for sheet in RH 1050
Conditton, Figure 3.03713.

Effect of test temperature on notch and erack strength
of sheet in Condition RH 1100, Figure 3.03714.

Effect of exposure and test termperature on noteh
strength of sheet in Condition TH 1050, Figure 3.03715.
Effect of low test temperature on notch strength of sheet
in Condition RH 950, Fipure 3.03716.

Eifect of swress concentration factor on notch strength
ratio at room temperature and -320F for sheet in
Conditions CH 900 and RH 1100, Figure 3.03717.
Fracture toughness.

Combined propertes.

Creep and Creep Rupture Properties
Creep properties for sheet, strip and plate in Condition

RH 950 at 600 to 900F, Table 3.041.

TABLE 3.041

8, p. 37)
Fe-15Cr-7Ni-2.5Mo
Farm 0.050 Inch Sheet
Condition RH 950
Time - hours 1000
Creep - percent 0.1 [ 0.2
Temperature - F Stress - ksi
600 132 150
700 121 142
800 a5 109
900 36 41

Source
Alloy

Creep rupture properties for sheet in Condition TH 1050
ard RH 950 at various temperatures, Tabie 3.042.

TABLE 3_042

Source

(4, F-1-3, F-2-3)

Alloy

Fe-15Cr-7Ni-2. 5Mo

Form
il

G.050 Inch Sheet

Condition

TH 10501 RH 350

Time - hours 10 J 100 {1000 [ 10 [ 200 [1000

Temperature - F

Creep Ruptare Strength - ksi

500 - [ 176 [ 178 | - ] 202 [200
700 177 | 161 | 159 | 200 | 193 {101
800 159 {139 | 137 | 190 | 174 |1T1
500 132 j108 | 98 {168 | 125 |108

3.044
3.045
3.03

3.051
3.052
3.053

3.034

Isochronous stress-swrain curves for sheet in Condition
RH 950 at 600 to 900F, Figure 3.043.

Creep and creep rupture curves for alloy in Coadition
RH 950, Figure 3.044.

Creep rupture curves for alloy at 1000F in Condition

RH 850, Figure 3.045.

Fatigue properties

5-N curve for sheet in Conditdon RH 930, Figure 3.051.
3N curve for notehed sheet in Condidon RH 850,

Figure 3,052.

SN curves for notched and smooth sheet as a function of
emperature in Conditdon TH 1050, Figure 3.053.

5N curves for notched and wmnotched sheet as a function
of teraperature in Condition TH 1050, Figure 3.054.

3.055

3.056

3.037

3.058

3.06
3.061
3.062
3.0621
3.0622

3.0623
3.063
3.0631
3.064

3.0641

3.0642

4.01

4.011

4.012

4.02

4-021

4.03

4.031

4.032

4.032
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S-N curves for notehed and unnotehed sheet as a functien
of temperature in Condition TH 1050, Figure 8.055.
Fatigue~crack propagation rate for wwo test temperatures
for sheet in Condition TH 1050, Figure 3.056. 15
Fatigue-crack propagation curves as 2 function of ini- 7
tial net section stress for sheet in Conditien TH 2050,
Figure 3.057.

Fatigue-crack prapagation curves as a function of ini-

Fe
Cr
Ni

2.5 Mo

tial net section stress for sheet in Condition TH 1050
at R =-1, Figure 3.058.

Elastic Properties
Poigsons ratio. Condition RH 850, 0.28.

Modulus of elasticity.

Modulus of elasticity at room and elevated temperatures
Figure 3.0621.

Modulus of elasticity in compression at room and ele-
vated temperatures, Figure 3.05622.

Effect of exposure time and test temperature on modu-
lus of elasticity in compression of sheet in Condition
TH 3050, Figure 3.0623.

Modulus of rigidity.

Modulus of rigidity at room and elevated temperanires,
Figure 3.0631.

Tangent modulus.

Tangent modwlus curves io compression for sheet in
Condition TH 1050 at elevated tomperatures and for
various exposure time, Figure 3,0641.

Secant medulus cuxves in compression at elevated
temperatures for sheet in Conditions TH 1050 and

RH 950, Figure 3.0642.

FABRICATION

Formability

(see alsa 17=-7PH)

Hydroforming and marforming operations can readily be'
performed on this alloy and 17-7PH in Condition A.
Parts including formers, flanges, hat sections, and
frames which have been processed by these methods are
used by aireraft manufacturers (9).

Spinning characteristics of this alloy are similer to
17-7TPH and Type 301. The strength developed during
cold working is primarily dependent upon the amount of
cold-work and the temperature at which it is done {see
3.0219, 3.02112, and 3.0251) {9).

Machining and Grinding
{see also 17-7PH)

Grinding. Material appears to offer no majox problems
in gxinding; however, Conditions TH 1050 and RH 350
are easier to grind than Condition A material (9). Con-
ventional grinding wheels at conventional speeds and
feeds appear satsfactory. Grinding characteristics of
17-7PH are comparsble to those of this alley (3.

Welding

(see alse 17-TPH)

Iners gas tuagsten arc fusion welding of annealed ang
subsequently heat treated metal yields a weld efficiency
of 80 to 100 percent.

Most welding is periormed with the inert gas tungsten
are process or the resistance spet asd seam welding
processes. Resistance flash butt welding is not recom-
mended for joints to be placed in high strength condi=
tons (11, p.65).

The molybdenum addition in this alloy causes larger
amouznts of delta ferrite or free ferrite 1o form in weld
deposits upon solidification. The amounts of ferrite
requires some controf in order to maintain good duetil-
ity in the highest strength conditions. The control is
effected through the use of filler metal of appropriate
chemical composition or through heat treatment (11,
p.65).

PHI5-7Mo-

CODE

1503

PAGE




FeAH

4,034

Fe
15 Cr

FERROUS

To avoid problems with weld metal cracking or lowered
ductility a specific composition of hardenable weld
wire, designated as W PH 15-7Mo, is recommended
for use a5 electrode or filler rod , Table 4.034.

TABLE 4.034

7 Ni

Souree

{2, p- 116}

Alloy

Fe=15Cr=-7Ni-2,5M0

2.5 Mo

Form

Sheet and Strip

PHI5-7Mo

Element

Composition Range, Percent|

Weld Wire WPH15-7Mo

Carbon
Manganese
Phosphorus
Sulfur
Silicon

0.09 - maximum
1.00 - maximum
0.025 « maximum
0.025 - maxirmum
0.50 - maximum

4.035

Chromium
Nickel
Aluminur
Molybdenam

14.00 - 15.25
6.50- 7,75
0.76- 1.25
2.00- 2.75

WPHI15-TMo serves satisfactorily for most
welded articles which are heat treated to the
lower levels of strength and hardness; that
is any {reatment involving a final hardening
temperature of 1100F or higher.

Strength of spot welded joints, Table 4.035.

TABLE 4.035

Source

9, p. 119}

Form

0.048 [nch Sheet

CondiBon in
which welded

Condilicn in
which tested -

Shear Breaking
Load lbs/weld

{a)

Tension Breaking
Load lbs/weld

{a)

A

T
TH 1050

TH 1050
TH 1050
TH 1080

3103
3438
2898

560
1648
2015

A
A 17
R 10

RH 950

50

RH 950
RH 950
0 RH 95¢
RE 950

2853
3426
3335
2630

20

1232
2170

{a) Average of twenty (20) tesis.

4.04

4.05

cope 503
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Heat Treatment
(see 17-7PH)

Surface Treatment
(see 17=-7PH)

250

AGING TI!
240

CONDITION RH

Fe=15Cr-7Ni-2.5Mo
0.050 INCH SHEET 7]

KsI

200

e(2 INCHES)

/|

*-o &

1]
700

800

900 1000
AGING TEMPERATURE - F

1100

FIG. 1.055 EFFECT OF AGING TEMPERATURE ON
TENSILE PROPERTIES OF SHEET IN

VARIOUS RH CONDITIONS.

8,p. 68)
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(10, p. B&4)
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STRENGTH FOR HEAT TREATED CONDITIONS
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COMPOSITION. )
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FIG. 2.013 THERMAL CONDUCTIVITY. (9, p. 76)

04, p. F-1-1, F-2-1)
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=
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FIG. 2.01¢ THERMAL EXPANSION. ®, p. 6)
1800 . l
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7
1200 =k
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FIG. 2.017 DILATOMETER CURVE INDICATING DIMENSIONAL
CHANGES DURING HEAT TREATMENT FROM
CONDITION A TO CONDITION RH 950.

9, p. 78}
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FIG. 2.024 EMITTANCE (9, p. 81; 14, p. F-2-1)
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FIG. 3.0213 EFFECT OF SOLUTION TEMPERATURES ON TENSILE
PROPERTIES I¥ CONDITIONS A, TH 1050, AND RH 950.
(@, p. 58, 59)
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270 T ‘

Fe-15Cr-7Ni-2.5Mo _
260 CONDITION RH 1075 v T00F —
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250 > —
240 |— . Fru e

——— L~

n Fry
230
_'_,,,//}5501*
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200
0 100 1000 10000
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10 g FIG. 3.0218 EFFECT OF EXPOSURE TIME TO ELEVATED TEMPERATURES
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7 Ni 240 30
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{ .
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-1}
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FIG. 3.0214 EFFECT OF AGING TEMPERATURE ON TENSILE
PROPERTIES AND HARDNESS IN CONDITION
RH 550, {17, p. 113)
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FIG. 3.0215 EFFECT OF EXPOSURE TO ELEVATED
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OF SHEET IN CONDITIONS RH 950 AND
TH 1050, ®, p. 55)
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ON STRENGTH PROPERTIES IN CONBITION RH 1075, (9, p. 57)
T T T 280
Fe-15CT-7Ni-2.5Mo
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280 —.1 240
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1
=
200 160 F
g v
1160 120
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120 0
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2 20
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e TR eI T T 2T
9 o008 0.016 o0.024  0.03z2  0.040  0.048
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FIG. 3.0218 EFFECT OF THICKNESS ON TENSILE PROPERTIES

OF SHEET.

(18, p. 164, 167-189)
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PERCENT

FIG

FeAH
FERROUS ALLOYS
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