Designation: A693 - 16

Standard Specification for

Precipitation-Hardening Stainless and Heat-Resisting Steel

Plate, Sheet, and Strip’

This standard is issued under the fixed designation AG93; the number immediately following the designation indicates the vear of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superseript epsilon (&) indicates an editorial change since the last revision or reapproval,

Thix siandard has been approved for wse by agencies of the U8, Deparment of Defense.

1. Scope®

1.1 This specification® covers precipitation-hardening stain-
less steel plate, sheet, and strip. The mechanical properties of
these steels are developed by suitable low-temperature heat
treatments generally referred to as precipitation hardening.

1.2 These steels are uvsed for parts requiring corrosion
resistance and high strength at room temperature or at tem-
peratures up to 600°F (315°C). Some of these steels are
particularly suitable for moderate to severe drawing and
forming in the solution-treated condition. Others are capable of
mild forming only. They are suitable for machining in the
solution-annealed condition, after which they may be hardened
1o the mechanical properties specified in this standard without
danger of cracking or distortion.

1.3 The values stated in inch-pound units are to be regarded
as the standard.

2. Referenced Documents

2.1 ASTM Standards:’

ALBO/ALBOM Specification for General Regquirements for
Flat-Rolled Stainless and Heat-Resisting Steel Plate,
Sheet, and Strip

E527 Practice for Numbering Metals and Alloys in the
Unified Numbering System (UNS)

2.2 SAE Standard:
SAE I 1086 Recommended Practice for Numbering Metals
and Alloys (UNS)*

" This specification is under the junsdiction of ASTM Commitiee A0l on Steel,
Stuinless Steel and Related Alloys and is the direct responsibility of Subcommitlee
ADLIT on Flat-Rolled and Wrought Stainless Steel,

Current edition approved Sept. 1, 2016, Published September 2016, Originally
approved in 1974, Last previous edition approved in 2013 as AB93 - 13, DOL:
W 1520/A0603-16,

*For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation 5A-693 in Section 11 of that Code,

* For referenced ASTM standards, visit the ASTM wehsite, www.astm.org, or
contact ASTM Customer Service al service @astm.org, For Anweal Book of ASTM
Steelereds volume information, refer o the standard™s Document Summary page on
the ASTM websile.

' Available from Society of Automotive Engineers (SAE). 400 Commonwealth
I, Warrendale, PA 15096-0001,

3. General Requirements

3.1 The following requirements for orders for material
furnished under this specification shall conform to the appli-
cable requirements of the current edition of Specification
A480/A480M or as specified in the following:

311 Ondering Information:

3.1.1.1 In addition to the requirements of Specification
A4B0/A480M, the heat treatment (see Section 6) shall be
specified on the purchase order if other than the solution-
annealed condition is being ordered.

4. Materials and Manufacture

4.1 The steel shall be mehed by one of the following
processes:

4.1.1 Electric furnace (with separate degassing and refining
optional ),

4.1.2 Vacuum furnace, and

4.1.3 One of the former followed by:

4.1.3.1 Consumable remelting in vacuum, inert gas, or
electroslag, or

4.1.3.2 Electron beam refining.

4.1.4 Other commercial melting methods as agreed upon
between purchaser and seller are acceptable.

5. Chemical Compaosition

5.1 The steel shall conform to the requirements as to
chemical composition specified in Table 1, and shall conform
to applicable requirements specified in the current edition of
Specification A480/A480M.

6. Heat Treatment of Product

6.1 Material of types other than Type UNS 546910 shall be
furnished in the solution-annealed condition as noted in Tables
2 and 3 unless otherwise specified by the purchaser on the
purchase order.

6.2 Type UNS 546910 shall be furnished in cold-worked
condition.

EA Summary of Changes section appears at the end of this standard
Copyright © ASTM Intemational. 100 Barr Harbor Diowve, PO Box G700, West Conshohocksn, PA 19428-2858, United States
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8. Bending Requirements

9. Heat Treatment of Test Specimens

A3l A 693 - 03

8.1 Samples cut from the solution-annealed plate, sheet, or
strip shall withstand cold bending as specified in Table 6
without cracking on the outside of the bent portion.

9.1 Samples cut from the plate, sheet, or strip shall conform

to the mechanical properties of Table

hardened as specified in Table 2 and Table 3.

5 when precipitation

TABLE 1 Chemical Requirements”

Composition, %
U':iﬂﬁi'g_ Type Carbon Miﬁ: I:_:]ﬁ; Sulfur | Silicon | Chromium | Micked Alurminum :ﬂm Titanium | Copper Elj'“nr;ftsc
S 17400 G630 0.07 1.00 0.040 0030) 1.00 | 15014975 3.0-50 EE 3.0-50 4
S1F7T00 631 .09 1.00 0040 0030 1.00 | 16.0-18.0| 6.5-7.7 0.75-1.50 o
S 15700 632 0.09 1.00 0040 00301 1.00 | 14.0-16.0]| B6.5-7.7 0.75-1.50 |2.00-3.00
= 35000 633 007011 |/ 0.50-1_25 0.040 0030 ) 050 |16.017.0] 4.0-50 2532 L
5 35600 G634 010015 ) 0.50-1.25 0.040 0030) 050 | 1501601 4.0-50 Y 25372 a3 L5
S 17600 G35 i0.08 1.00 0.040 0.0301 1.00 | 16.0-17.5] 6.0-7.5 0.40 . 0.40-1.20
o 36200 *M-9 0.05 0.50 0030 0030) 030 | 14.0-145] 6.5-7.0 010 i0.30 0.60-0.90 - o
S 155600 M2 0.07 1.00 0.040 0030) 1.00 | 140455 3555 Exd P 2545 4
5 13800 ¥M-13 .05 0.20 0010 00081 010 123132 7585 0.90-135 | 2.00-250 som . =
5 45500 wM-16 0.05 0.50 0.040 00301 050 | 1101256 T.5-95 i0.50 0.80—1.40 | 1.50—2_50 i
5 45000 wM-25 0.05 1.00 0030 00301 1.00 | 140160 S5.0-7.0 050100 S 125175 =
5 46500 0.02 0.25 0.015 0010 ) 025 | 11.0=125]110.8-11.2 075-125]1.50-1.80 “

A Limits are in percent maximum unless shown as a range or stated otherwise.

& Mow designation established in accordance with Practice E 527 and SAE J1086.
“ The terms Columbium (Cb) and Miobium (Nb) both refate to the same element.

& Columbium plus tantalum 0.15-0.45.
£ Nitrogen 0.07-0.13.
* Columbium plus tantalum 0.10-0.50.
S Nitrogen 0.01.
* Columbium & times carbon minimum.
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TABLE 2 Heat Treatment, °F

UNS
Desig- Type Solution Treatment Precipitation Hardening Treatment”
naticn
517400 630 1925 = 50°F {cool as required) 900 = 15°F, 1 h, air coal,
925 = 158°F, 4 h, air cool.
1025 = 15°F, 4 h, alr coal.
1075 = 15°F, 4 h, air coal.
1100 + 15°F, 4 h, air cool.
1150 + 15°F, 4 h, air cool,
(1400 + 15°F, 2 h, air ¢ool + 1150 = 15°F, 4 h, air coal).
S17700 631 1850 = 25°F (cool as required) 1750 = 15°F, hold 10 min, cool rapidly to room temperatura. Coal within
24 h, to —100 = 10°F, hold not less than 8 h. Warm In air to room
lemperature. Heal to 850 = 10°F, hold 1 h, air cool.
Alternative Traatment:
1400 = 25°F, hold 90 min, cool to 55 + 5°F within 1 h. Hold
not less than 30 min, heat to 1050 + 10°F, hold fer 90 min,
air cool,
515700 632 1950 = 25°F (cool as required) Same as Type 631
535000 633 1900 + 50°F {guench) 1710 + 25°F for not less than 10 min, but not more than 1 h, guench.
Cool to not higher than —100°F, hold for not less than 3 h,
Temper at B50 + 15°F, 3 h, air cool, or
1000 = 15°F, 3 h, alr cool.
535500 6345 1900 + 25°F {guench) 1750 = —10°F for not lass than 10 min, but not mare than 1 h, guench.
Cool to not higher than =100°F, hold for not less than 3 h.
Temper at 1000 + 25°F, holding for not less than 3 h.
517600 635 1800 + 25°F {air cool) 950 + 15°F, 30 min, air cool,
1000 £ 15°F, 30 min, a&ir cool,
1050 = 15°F, 30 min, air cool,
536200 M- 1550 + 25°F (air cool) 800 + 10°F, 8 h, air cool,
§15500 XM-12 1800 + 25°F (cool a5 required) Same as Type 630
513800 XM-13 1700 + 25°F {cool as required to below B0°F) 950 x 10°F, 4 h, air cool.
1000 = 10°F, 4 h, air coal.
545500 XM-1B 1525 + 25°F (watar quench) 800 = 10°F, 4 h, alr cool. or 850 + 10°F, 4 h, air cool.
S45000 XM-25 1800 + 25°F (cool rapidiy) 900 + 15°F, 4 h, air cool.
1000 = 15°F, 4 h, alr cool.
1150 + 15°F, 4 h, air cool.
346500 1875 + 25"F {cool rapidly to room temperature) followed by 900 + 10°F, 4 h, air cool
subzero cooling within 24 h after solution treatment; 950 + 15°F, 4 h, air cool
=100 + 10°F, hold not less than 8 h; 1000 + 15°F, 4 h, air coal
warm In air to room tempearature 1080 = 15°F, 4 h, air cool
1100 = 15°F, 4 h, air cool
S46910° 880 + 15°F, 4 h, alr cool

A Times refer to time material is at temperature,

8 Equalization and over-lempering treatment 1425 + 50°F for not less than 3 h, coal to room temperature, heat 1o 1075 + 25°F for not less than 3 h,

< Furnighed In cold-worked condition.

7. Mechanical Properties

7.1 The material, as represented by mechanical test
specimens, shall conform to the mechanical property require-
ments specified in Table 4 and shall be capable of developing
the properties in Table 5 when heat treated as specified in 9.1,

8. Bending Requirements

8.1 Samples cut from the solution-annealed plate, sheet, or
strip shall withstand cold bending as specified in Table 6
without cracking on the outside of the bent portion.

9. Heat Treatment of Test Specimens

9.1 Samples cut from the plate, sheet, or sirip shall conform
to the mechanical properties of Table 5 when precipitation
hardened as specified in Table 2 and Table 3.

1. Keywords
10.1 plate; precipitation hardening; sheet; stainless steel;
strip
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TABLE 3 Heat Treatment, °C

Des?;gﬁm Type Solution Treaiment Precipitation Hardening Treatment®

S17400 B30 1060 = 25°C (cool as required) 482 + B°C, 1 h, air cool,

496 + 8°C, 4 h, air cool,
552 + B°C, 4 h, air cool.
578 + B°C, 4 h, air cool.
593 + B"C, 4 h. air cool.
621 + B"C, 4 h, air cool.
(760 + 8°C, 2 h, air cool + 621 £ B°C, 4 h, air cool)

S17700 631 1065 + 15°C (water quench) 954 + 8°C, hold 10 min, cool rapidly to room temperature. Cool within
24 hlo -73°C £ 6°C, hold nat less than 8 h, Warm in air 1o room
temperature. Heat to 510 = 6°C, hold 1 h, air coal,

Altermative Treatmeni
760 + 15°C, hold 90 min, cool to 15 = 3°C within 1 h.
Hold not less than 30 min, heat to 566 + 6°C, hold for
80 min, air cool.

S15700 632 1038 + 15°C (water quench) Same as Type 631

S35000 633 1038 + 25°C (quench) 930 + 15°C for not less than 10 min, but not maore than 1 h, quench,
Coal to not higher than —73°C, hold for not less than 3 h
Temper at 455 + 8°C, 3 h, air coal, or
540  B°C, 3 h, air cool,

Sass00 6345 1038 = 15°C (quench), 954 + 6°C for not lass than 10 min, but nol mare than 1 h, quench.
Coal 1o not higher than -73°C, hold for not less than 3 h.
Temper at 538 + 15°C, holding for not less than 3 h.

S17600 635 1038 + 15°C (air cool) 510 + B°C, 30 min, air coal.

538 + B°C, 30 min, air coal,
566 + 8°C, 30 min, air cool,

S36200 XM-9 B43 + 15°C (air cool) 482 + 8°C, B h, air cool.

515500 XM-12 1038 + 15°C (cool as required) Same as Type 630

S13800 XM-13 927 + 15°C (coal as required o balow 60°C) 510 + 6°C, 4 b, air cool.

538 x 6°C, 4 h, air cool.

545500 EM-186 828 + 15°C (water quanch) 482 + 6°C, 4 h, air cool. or 510 = 6°C, 4 h, air cool,

S45000 XM-25 1038 = 15°G [eoal tap-idly} 482 + B°C, 4 h, air cool,
538 + B*C, 4 h, air cool.
621 + B°C, 4 h, air cool.

S46500 1024 + 15°C, (cool rapidly to room temparatura) 482 + 6°C, 4 h, air cool

followed by subzero cooling within 24 h after solution 510 + B*C, 4 h. air cool

treatment; —73 + 6°C; hold not less than 8 h; 538 + B°C, 4 h, air cool

Warm in air to room temperatura 566 + 8°C, 4 h, air cool

) 593 + B°C, 4 h, air cool
S48910° 475 + B°C, 4 h, air cool

ATimes refer to time material is at temperature,
8 Equalization and over-lempering treatment 774 & 2570 for nol less than 3 h, eoal to room temperaturs, heat to 579 = 15°C for nol kess than 3 b
 Furnished In cold-worked condition.

TABLE 4 Mechanical Test Requirements in Solution-Treated Condition

Tensile Strength, max  Yield Strength, max Elongation In Hardness, max
e ksi MPa Ksi mpa SO Rockwen BNl
630 0.015 to 4.0 in, (0,38 to 102 mm) Coe A8 cas 363
631 0.010 in. (0.25 mm) and under 150 1035 65 450 il e
Over 0.010 to 4.0 in. (0.25 1o 102 mm) 150 1035 55 380 20 Baz2
632 0.0015 te 4.0 in. (0,038 1o 102 mm) 150 1035 65 450 25 B100
633 0.001 to 0.0015 in, (0.03 to 0.038 mm), excl 200 1280 o0 620 8 C3o
0.0015 te 0.002 in. (0.03 ta 0.05 mm), excl 200 1280 BB 805 B Cao
0.002 to 0.005 in, (0.05 to 0.13 mm), excl 200 1380 BB 595 B C30
0.005 to 0.010 in, (0,13 to 0.25 mm), excl 200 1380 85 585 B Cc3o
Owar 0.010 in, (0.254 mm) 200 1380 85 585 12 C30
5344 Plate c40
635 0.030 In. (0.76 mm) and under 120 825 75 515 3 Caz
Civer 0.030 1o 0.060 in. (0.76 to 1.52 mm) 120 825 75 515 4 caz
Owver 0.060 in, {1.52 mm}) 120 825 75 515 5 caz2
xM-9 Cver 0.0100in, {0.25 mm} 150 1035 125 a80 4 C2B
AM-12 0.0015 to 4.00 in, (0.038 to 101.6 mm) R C3B 363
XM-13 0.0015 to 4.00 in, (0.038 to 101.6 mm) e - it oo G C3B 363
xM-16 0.010 in. (0.25 mm) and greater 175 1205 160 1105 3 C36 aan
xM-254 0.010 in. (0.25 mm) and greater 165 1205 150 1035 4 C33 N
546500 0.140 in. {3.56 mm) and under 160 1105 150 1035 4 Ca3
A Solution-treated, equalized, and over-tempered plate only,
5 %M-25 also fumished to the following minimum properties: 130 BOS o 620 4 25 255
ASTM Intsrmaticnal 4
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TABLE 5 Mechanical Test Requirements After Precipitation Hardening Treatment

) . 3 Impact
Tensile Yield Elonge- g 7
Hardering or Strength, min  Strength, min  fonin2 L o {:'F G L
A Pracipitation s ' n. o A min
e Treatment or ickneas. . {m) 50 mm, mr?:' Hockwell, Brinell,
both, "F("C) ksl MPa  ksi MPa  min, A mind  min/  fbf
% max max
630 and Q00 (482) Under 0.1875 {4.762) 190 1310 170 M70 5 Ca0¢
Cag
XM-12 0.1875 to 0.625 (4.762 to 180 1310 170 170 2] 25 Caoy 388/
15.84) C48 477
0.626 to 4.0 (15.90 to 102) 180 1310 170 1170 10 a0 Cany 388/
C48 477
925 (496) Under 0.1875 (4.762) 170 1170 155 1070 5 Cas/
C4a6
0.1875 to 0.625 (4.762 to 170 1170 155 1070 B 25 Cas/ a7sf
15.88) ca7 477
0.626 to 4.0 (15,90 to 102) 170 1170 155 1070 10 30 Cas/ 375!
Cav a77
1025 (552) Under 0.1B75 (4.762) 158 1070 145 1000 5 Cas/
Ca3
D.1875 to 0.625 (4.762 o 155 1070 145 1000 8 a0 Cas 3z 10 14
15.88) Ca2 415
0.626 to 4.0 (15.90 to 102) 156 1070 145 1000 12 35 Caa/ az1f 15 20
Caz 415
1075 (379) Under 0.1875 (4.762) 145 1000 125 BE0 ] ca
C40
0.1875 to 0.625 (4.762 to 145 1000 125 8&0 g a0 G20/ 293/ 15 20
15.88) (0% 7] 375
0626 to 4.0 (15,88 to 102) 145 1000 125 B0 13 35 o] 293/ 20 27
C3B a7s
1100 (583) Under 01875 (4.762) 140 965 15 To0 5 cav
Can
0.1875 to 0625 (4.762 o 140 965 115 790 10 a0 C2a/ 293/ 15 20
15.88) C38 378
0.626 to 4.0 (15,88 to 102) 140 965 15 790 14 35 C29/ 293¢ 20 27
C38 ars
1150 (621) Under 0.1875 (4,762) 135 930 105 725 8 Caa/
(o]
01875 to 0.625 (4.762 to 135 930 105 725 10 a5 C2e/ 2649/ 25 34
15.88) C3s 352
D.626 to 4.0 (15,88 to 102) 135 230 106 725 16 40 C26/ 268/ 30 41
C36 382
1400 + 1150 Under 01875 (4.762) 118 790 75 515 g C26/ 255¢
C36 33
(760 + B21) 0.1875 to 0.625 (4.762 to 1& 790 Fi:] 516 11 40 Cc24/ 248f 55 75
15.88) C34 321
0.526 to 4.0 (15.88 to 102) 115 T80 75 516 18 45 Ca4/ 2448/ 55 75
C34 321
631 1400 (7&0) + 0.0015 to 0.0049 (0.038 to 180 1240 150 1035 3 38
0.124)
plus 55 (15) + 0.0050 to 0.0098 (0127 ta 180 1240 150 1035 q C3B
0.251)
1060 [566) 0.010 to 0.0198 (0.25 to 180 1240 150 1035 5 Cag
0.505)
0.020 to 0.1874 (0.51 1o 180 1240 150 1035 5] Cas
4.760)
0.1875 to 0.625 (4.762 to 170 1170 140 965 7 20 C38 362
15.88)
1750 (954) + 0.0015 to 0.0049 (0.038 to 210 1450 180 1310 1 Ca4
0.124)
minws 100 (73) 0.0050 to 0.0099 (0127 ta 210 1450 180 1310 2 Caq
0.251)
+ 850 (510) 0.070 to 0.01589 (0.25 to 210 1450 180 1310 3 Cad
0.505
0.020 to 0.1874 (0.51 to 210 1450 180 1310 4 Ca4
4,760}
ASTM Intsemationsl 5‘
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TABLE S5 Continued

; g : Impact
y Tensile Yield Elonga- o e
';ﬂfden'ﬂa or Strength, min Strength, min t"lm N2 o of Hardnmss, min Ch;ﬁ: V.
Grads recilation Thickness. in. {mm} n-o Area
Traatment or 80 mm, minl Rockwell.  Brinell,
both, "F(°C) ksi  MPa  ksi  MPa  min oA mind minf  fel
% max max
0.1875 to 0.625 (4.762 to 200 1380 180 1240 5] 20 C43 401
15.88)
Cold rolled at mill 0.0015 to 0.050 (0.038 1o 200 1380 175 1208 1 Ca
1.27)
Cold rolled at mill D.0015 to 0.050 (0.038 to 240 1655 230 1580 1 Cag
+ 900 (482) 1.27)
632 1400 (760) + 0.0015 to 0.0049 (0.038 to 180 1310 170 M7 2 Ca0
0.124)
plus 55 {15) + 0.0050 to 0.0099 (0.127 to 180 1310 170 170 3 c40
0.251)
1050 (566) 0.010 to 0.01%9 (0.25 to 190 1310 170 1170 4 C4an
0.505)
0.020 to 0.1874 (0.51 to 180 1310 170 1170 5 Ca0
4.7860)
0.1875 to 0.625 (4.762 lo 180 1310 170 170 q 20 C40 375
15.88)
1750 (954) + 0.0015 1o 0.0049 (0.038 10 225 1550 200 1380 1 C4a6
0.124)
minus 100 (73) 0.0050 to 0.0099 (0.127 to 225 1550 200 1380 2 Ca6
0.251)
+ 950 (5100 0.010 to 0.0199 (0.25 to 225 1550 200 1380 3 C46
0.505)
0.020 to 0.1874 (0.51 to 225 1550 200 1380 4 C4a6
4.760)
D.1875 to 0.625 (4,762 to 225 1550 200 1380 4 20 Cas 423
15.88)
Cold rolled at mill 0.0015 to 0.050 (0.038 o 200 1380 175 12056 1 C4a1
0.13)
Caold rolled at mill 0.0015 to 0.080 (0.038 to 240 1655 230 1585 1 C46
+ 900 (482) 0.13)
633 850 (455) 0.0005 to 0.0015 (0.022 to 185 1275 150 1035 2 c4az2
0.038)
0.0015 to 0.0020 (0.038 to 185 1275 150 1035 4 caz
0.041)
0.0020 to 0.0100 (0.041 to 185 1275 150 1038 =] Caz
0.254)
0.0100 to 01875 (0,254 ta 185 1275 1650 1035 8 C4z
4.762)
1000 (540) 0.0005 1o 0.0015 (0.022 10 165 1140 145 1000 2 C36
0.038)
0.0015 to 0.0020 (0.038 to 165 1140 145 1000 4 Ca6
0.041)
0.0020 to 0.0100 (0.041 to 165 1140 145 1000 5] C36
0.254)
0.0100 to 01875 (0.254 ta 165 1140 145 1000 a8 C3B6
4.762)
634 850 (455) 180 1310 165 1140 10
1000 {540) 170 1170 150 1038 12 Ccay
635 950 {(510) 0.030 (0.76) and under 180 1310 170 170 3 Cas
0.030 to 0.060 (0.76 1o 1.52) 180 1310 170 170 4 c39s
Ower 0.060 {1.52) 180 1310 170 M7 5 e Cas e
Plate 180 1310 170 170 B 25 C39 363
1000 (540) 0.030 (0.76) and under 180 1240 160 1106 3 Cav
0.030 to 0.060 (0.76 to 1.52) 180 1240 160 1105 4 Car
Over 0.060 (1.52) 180 1240 160 1105 5 i C37 Fha
Flate 180 1240 160 1105 8 30 C38 382

ASTM Internatipnal
Provided Dy IHS under cense with ASTH
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TABLE S5 Continued

; : _ Impact
) Tensile Yigld Elonge- e,
Hardening or Strength, min  Strength, min  fONin 2 Lo iAo, it Ch;ﬁ: V.
Grade Preciphation Thickness, in. (mm} Wi o Area
Treatment or S0mm, " Fockwell, Brinedl,
both, "Fi"C) ksl MPa ksi MPa min, %A- miny min/ fi-iod J
£l max  max
1050 {565) 0,030 (0.76) and under 170 1170 150 1035 3 G35
0.030 to 0.060 (0,76 to 1.52) 170 1170 150 1035 4 Cas
Over 0.060 (1.52) 170 1170 150 1035 5 o C35 Ve
Plate 170 170 150 1035 & 30 C36 331
¥M-13 950 {510) Under 0.020 (0.51) 220 1515 205 1410 & Cd5
0.020 to 0.1874 (0.51 to 220 1515 205 1410 8 Ca5
4.760)
0.1875 to 0.625 (4.760 to 220 1515 205 1410 10 Ca5
15.88)
0.626 to 4.0 {15.90 to 102) 220 1515 205 1410 10 C45 429
1000 (538) Under 0.020 {0.51) 200 1380 190 1310 ] ca3
0.020 to 0.1874 (0.51 10 200 1380 180 1310 B C43
4.760)
01875 to 0.625 (4.760 to 200 1380 180 1310 10 C43
15.88)
0,626 to 4.0 (15,90 to 102) 200 1380 180 1310 10 C43 401
XM-16 850 (510) Up to 0.020 (0.51) 222 1525 205 1410 v Ca4
Over 0.020 to 0,062 (0.51 1o 222 1525 205 1410 3 Ca4
1.57) 222 1525 205 1410 4 Ca4
Dver 0.062 (1.57)
KM-25 00 (482) Up to 0.020 (0.51) 180 1240 170 1170 3 C40
Over 0.020 o 0.062 (0.51 to 180 1240 170 AR 4 c40
1.57) 180 1240 170 170 5 C40
Over 0.082 (1.57)
1000 {538) Up to 0.020 {(0.51) 160 a5 150 1035 5 C36
Ower 0.020 to 0.062 (0.51 1o 160 1105 150 1035 B C36
1.57) 160 1105 150 1035 7 C36
Over 0.062 {1.57)
1150 (621) Up to 0.020 (0.51) 125 BEO 75 515 ] C26
Over 0.020 to 0.062 (0.51 to 125 BE0 75 515 5 C26
1.57) 125 BE0 75 515 10 C26
Cwer 0.062 (1.57)
KM-2 00 (482) Owver 0.010 (0.25) 180 1240 160 1105 3 CaB
346500 00 {482) 0,140 (3.56) and under 245 1620 235 1620 2 Cas
950 (510) 0.140 (3.56) and under 235 1620 225 1550 3 ca7
1000 {528 0.140 (3.56) and under 220 1515 210 1445 a C45
1050 (566) 0.140 (3.56) and under 200 1380 185 1275 5 ca3
1100 (583) 0.140 {3.56) and under 180 1240 145 1000 5 C39
346910 Cold rolled at mill 0.00079 to 0.15 (0.020 to 135 950 65 475 5 C29
3.8)
Cold rolled at mill +880 (475) 0.00079 to 0.15 (0.020 to 180 1250 135 850 1 G338
3.8)
Cold rolled at mill 0.00059 to 0097 (0.015 to 160 1100 a5 650 3 c33
2.3)
Cold rolled al mill +880 (475) 0.00059 to 0.091 (0.015 to 240 1650 210 1450 1 Ca6
2.1)
Coald rolled at mill 0.00059 10 0.047 (0.015 10 185 1300 160 1100 1 Cag
1.2)
Cold rolled at mill +830 (475)  0.00059 to 0.047 (0015 to 280 1950 265 1850 C50
1.2)
Cold rolled at mill 0.00059 to 0.028 (0.015 to 215 1500 185 1350 c4az
0.70)
Cold rolled at mifl +890 (475)  0.00059 to 0.028 (0.015 fo 325 2250 30 2150 Ch4
0.70)
Cold rolled at mill 0.00058 to 0.0053 (0.015 to 245 1700 220 1525 Ca5
0.15)
Cold rolled at mill +890 (475)  0.00059 1o 0.0059 (0.015 10 340 2350 325 2250 C55

0.15)

4 ppplicable 1o 12s1s in the long transverse direction, Transverse to the direction of rolling and parallel 1o the product surface.

8 |mpact test is nol required unless specifiad on the purchase arder.
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TABLE 6 Bend Test Requirements in Solution-Treated Condition

Typa Size, in. {mm) Cold Band Bend Test
Degrees Mandrel

&30 none required

&31 0,187 (4.76) and under 180 174
Over 0.167 to 0.275 (4.76 o 6.98) 180 ar

63z 0.187 (4.76) and under 180 iT
Ower 0.187 to 0.275 (4.76 to 6.98) 180 3T

633 Under 0.1875 (4.762) 180 2T

634 0187 to 0.249 (4.76 10 6.32) 130 3T
Owver 0.249 to 0.750 (6.32 to 19.08) a0 3T

635 none required

XM-2 0.109 (2.77) and under 180 T

XM-12 none required

XM-13 none required

XM-18 Under 0.1875 (4.762) 180 6T

XM-25 Under 01875 (4.762) 180 6T

S46500 0.140 (3.56) and under 180 BT

AT = thickness of sheet being tested.

SUMMARY OF CHANGES

Committee A0l has identified the location of selected changes to this standard since the last issue {A693 — 13)
that may impact the use of this standard. (Approved Sept. 1, 2016.)

{1) Revised footnotes B, C, D, F, and H in Table 1. {3) Changed “Columbium plus tantalum” to “Niobium™ in
{2) Changed “Columbium™ to “Nichium™ in Table 1. Table 1.

ASTM International takes na position respecting the validity of any patent rights asserted in connection with any item mentioned
i this slandard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and ithe risk
of infingement of such righis, are entirely their own responsibility.

This standard is subjject fo revision at any fime by the responsible technical commiftee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and showd be addressed to ASTM International Headguartars. Your commenis will receive careful consideration at a meeling of the
rasponsible technical commilfea, which you may attend. If you fesl that your comments have nol recelved a fair hearing you showd
make your views known fo the ASTM Committes on Standards, at the address shown below.

This standard is capynighted by ASTM international, 100 Barr Harbor Dnve, PO Bax G700, West Conshohocken, PA 15428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obiained by contacting ASTM at the above
address or at 610-832-9585 (phone), G§10-832-9555 (fax). or service@astm.org (e-maill; or through the ASTM website
fwwweastm.org). Permission rights fo photocopy the standard may also be secured lrom the Copyright Clearance Center, 222
Rosewood Drive, Danvers, MA 07923, Tel: (978) 646-2600; hifp-fwww.copyright.comyd
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