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1. SCOPE:

1.1

1.2

1.3

1.3.1

Scope:

This specification covers aircraft quality, commercially pure titanium and alpha, alpha-beta and beta
titanium alloy rolled or forged bar and reforging stock products.

Classification:

Products shall] be of the following compositions, as specified (See 6.2 and Table-9)
Commercially| pure titanium

Ti-CP-70
Alpha titaniunp alloys

Ti-5A1-2.58n
Ti-5A1-2.58n (ELI)
6AI-2Cb-1Ta-0.8Mo
8AI-1Mo-1V

Alpha-Beta titanium alloy

Ti-3Al-2.5V
Ti-6Al-4V
Ti-6Al-4V (ELI)
Ti-6Al-6V-2Sn
Ti-6Al-2Sn-4Zr-2Mo
Ti-6Al-2Sn-4Zr-6Mo
Ti-7Al-4Mp

Beta titanium jalloy

Ti-8Mo-8\-2Fe-3At
Ti-11.5Mo-6Zr-4.5Sn
Ti-3Al-8V-6Cr-4Mo-4Zr
Ti-13V-11Cr-3Al

Condition:

Bars (6.1.1): Products shall be hot-worked, with or without subsequent cold finishing, and shall be
supplied in one of the following heat treated conditions in accordance with Tables 2, 3 and 4, as
specified (See 6.2).
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1.3.1 (Continued):

Condition A
Condition D

- Annealed
A - Duplex annealed.

Condition ST - Solution treated.
Condition STA - Solution treated and aged. (When multiple STA conditions are specified for a

given alloy,
parenthesis

Heat Treatment: Heat treatments shall be accomplished in accordance with MIL-

as in Table 4, the applicable aging temperature shall be added in
as a suffix).

H-81200.

Requirements for heat treatments not listed in this specification shall be as agreed upon by the

user and contractor or producer.

1.3.2
1.3.3

manufactur
1.4 Finish:

1.4.1 Surface FiIn

1.4.2 Surface Fin

2.

2.1

Products shal

finish is specified, Surface Finish | shall apply. When permitted by purchaser, produc

all over may H
allowance for

other harmf

alpha case
immersion 1

APPLICABLE [

The issue of thg
specification to

r (See 6.2).

be furnished in the following surface finishés; as ordered (See 6.2).

ave an oxygen rich layer, provided such-layer is removable within the
the part.

sh I: Ground, machined or otherwise descaled and pickled free of alf
Il surface contamination, and suitable for ultrasonic inspection.

sh II: Centerless ground, machined or otherwise specially prepared s
nethod.
OCUMENS:

follewing documents in effect on the date of the purchase order form
the extent specified herein. The supplier may work to a subsequent r

cifind \AhAan th £,

Reforging Stock (6.1.2): Products shall be furnished in the condition érdered by tihe forging

When no surface
t to be machined
machining

ha case and

urface free of

and other harmful-stirface contamination, and suitable for ultrasonic inspection by the

s a part of this
bvision of a

document unless

A aoanaenifin A~ ANt oo 1o oA arafoaraneand A~~,
S SPTUMCUOCOTTICT T TIoSUC TS SPCOmT T vV TiCT T ticToTCToTTocC TGO

hent has been

cancelled and no superseding document has been specified, the last published issue of that document

shall apply.

SAE Publicati

ons:

Available from SAE, 400 Commonwealth Drive, Warrendale PA 15096-0001 or www.sae.org.

AMS 2241
AMS 2249
AMS 2631
AMS 2643

ARP 982

Tolerances - Corrosion and Heat Resistant Steel, Bar and Wire
Chemical Check Analysis Limits - Titanium and Titanium Alloys
Ultrasonic Inspection of Titanium Alloys

Structural Examination of Titanium Alloys, Chemical Etch, Inspection Procedure

Minimizing Stress-Corrosion in Wrought Titanium Alloy Products

-3-
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2.2

2.3

24

ASTM Publications:

Available from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959 or
www.astm.org.

ASTM ES8 Tension Testing of Metallic Materials
ASTM E 120 Chemical Analysis of Titanium and Titanium-Base Alloys
ASTM E 146 Chemical Analysis of Zirconium and Zirconium-Base Alloys

ANSI Publicafions:

Available fromp ANSI, 25 West 43rd Street, New York, NY 10036-8002 or www.ansilorg.

ANSI B46.1 | Surface Texture
U.S. Government Publications:

Available fromp DODSSP, Subscription Services Desk, Building 4D, 700 Robbins Ayenue,

Philadelphia, PA 19111-5094.

MIL-H-81200 Heat Treatment of Titanium and Jitanium Alloys
FED-STD-151 Metals; Test Methods

MIL-STD-105 Sampling Procedures and Tables

MIL-STD-129 Marking for Shipment and-Storage

3. REQUIREMENTS:

3.1 Material:

Unless otheryise specified (See 6.2), material for products supplied in accordance|with this
specification ghall be produced using the following melting controls.

3.1.1  Commercially Pure Titanium: Commercially pure titanium shall be electron beam melted or shall be
multiple melted with the last one of the melting cycles under vacuum. When multiple melted, the
first melt sha onrsumable-eleetrode—nonconsumable-eleetrede—or€lectron beam
melting practice. The subsequent melt or melts shall be made using consumable electrode practice.

3.1.2 Alloyed Titanium: Alloys of titanium shall be multiple melted under vacuum or inert gas with the last
one of the melting cycles under vacuum. The first melt shall be made by consumable electrode,
nonconsumable electrode, or electron beam melting practice. The subsequent melt or melts shall
be made using consumable electrode practice with no alloy additions permitted in the last
consumable electrode melt.

3.1.3 Atmosphere: The atmosphere for nonconsumable electrode melting shall be vacuum or shall be

inert gas at a pressure not higher than 250 mm of mercury.
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3.1.4 Electrode Tip: The electrode tip for nonconsumable electrode melting shall be water cooled
copper.

3.2 Chemical Composition:
The chemical composition, as determined by heat or lot analysis, shall be as specified in Table 1.

3.2.1 Check Analysis: Chemical composition variations shall meet the requirements of AMS 2249.

3.3 Tensile Propefties:
3.3.1 Bars:
3.3.1.1  Commerclally Pure and Alpha-Titanium Alloys: Tensile properties shall conform| to Table 2.

3.3.1.2 Alpha-Betp Titanium Alloys: Tensile properties shall conform-{g Table 3 for the condition ordered.
If requested, the products shall have the following heat treat'response: Products supplied in the
annealed pondition shall meet the solution treated and aged (STA) properties sgecified in Table 3
when heat treated to this condition in accordance with\MIL-H-81200, except that composition
6Al-2Sn-4Zr-2Mo shall meet the duplex annealed«(DA) properties specified in Table 3 when heat
treated to[this condition in accordance with MIL-H-81200.

3.3.1.3 Beta Titanjium Alloys: Tensile properties shall conform to Table 4 for the conditipn ordered. In
addition, the products shall have the following heat treat response: Products supplied in the
solution treated (ST) condition shall-nieet the solution treated and aged (STA) properties
specified in Table 4 when aged to(this condition in accordance with MIL-H-812Q0.

3.3.2 Reforging Stock: Tensile properties shall be as ordered by the forging manufacturer (See 6.2).
3.4 Heat Treatment:

Products supplied in_ aceordance with this specification shall be heat treated in accprdance with
MIL-H-81200

3.5 Ultrasonic Quiatity:

3.5.1 Commercially pure, alpha and alpha-beta titanium products: The ultrasonic quality of products
0.500 inch or greater in diameter, thickness or distance between flats shall conform to Table 5,
as applicable.

3.5.1.1 In addition to meeting the requirements of Table 5, products furnished with Surface Finish | shall
be capable of meeting the requirements specified herein for Surface Finish Il when surface
finished in accordance with 1.4.2.

3.5.2 Beta Titanium Alloy Products: When specified (See 6.2), the ultrasonic quality of beta titanium alloy
products shall be as agreed upon by the procuring activity and producer.
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TABLE 2 - Commercially pure and alpha titanium minimum tensile properties.

Thickness, MINIMUM TENSILE PROPERTIES 1/
Diameter or
Distance Yield Strength
Between Flats Tensile | at 0.2 Percent | Elongation | Reduction of
A||0y trreh (||||||) Stret |gt=| Offset Percent Area Percent
2/ 3/ ksi (MPa) ksi (MPa) 4/ 4/
COMMERCIALLY PURE TITANIUM
CP-70 4.00 & under 80 (551) 70 (482) 15 30
(101.60 & under)
ALPHA TITANIUM ALLOYS
5AI-2.5Sn 4.00 & under 115 (792) 110 (758) 10 [8] 25 [20]
(101.60 & under)
5Al-2.5Sn 3.00 & under 100 (689) 90 (620) 10 [8] 25 [20]
(ELI) (76.20 & under)
3.00 t0 4.00 100 (689) 90 (620) 10 [8] 20 [15]
(76.20 to 101.60)
6AI-2Cb- 4.00 & under 103 (710) 95 (655) 10 [8] 20 [15]
1Ta-0.8Mo (101.60 & under)
8Al-1Mo-1V 2.50 & under 130%(896) 120 (827) 10 20
S/ (63.50 & under)
2.50t0 4.00 120 (827) 110 (758) 10 [8] 20 [15]
(63.50 to 101.60)

1/ Apply to|products with arcress-sectional area of 16 sq.in. or less. Properties elpply in
any graip direction. Mechanical properties of sections larger than 16 square inches
shall be [as specified-in the contract or order.

2/ Unless gtherwise.noted, properties apply to the annealed condition.

3/ Thicknesgs given as X. XXX to X.XXX shall be read as “Over--to--, inclusive.”

4/ Values in brackets [ ] apply to the short transverse direction for short transverge
dimensions‘of 3.0 inches or greater.

5/ Duplex Annealed (Condition DA) only.



https://saenorm.com/api/?name=437d2235781eabc29371e5ac4f38e003

SAE AMS-T-9047

AMS-T-9047

(968) | z9'Lls-1862)| (09°L0L-0292)
oLl sL [9] 8 (228 )0zl ocl 000’8 - 000 000t - 000°€
(oc6) |(Z9'Ls-9¢6L)| (02'9Z-0809)
0z 0l (198 ) szl Gel 00'8-00¢ 000°€ - 000°C
(596) |(29°LS-18°S2)
0z 0l (968 ) o€l ovl 00'8-00¥
(666) |(L8'GZ-06CL) 08°0G - 01°8¢)
0z 0l (gcs ) cgl G| 00'#-00'Z 000°Z-00S°}
(666 ) |(29°LS-18'G2)
0z 0k (0g6 ) seL Gyl 00'8-00¥
(peoL) | (18's2-896)| (0L'8E-0V52)
0z 0l (596 ) O¥L 0Gl 00t - 05} 0S'L - 00t
(PeoL) |(29°1S - 1L8'52)
0z 0l (596 ) o¥L 0Gl) 00'8-00¥
(gooL) | (18's2-s¥9)| (0o¥'sZz-0LklL)
0¢ 0l (6660).571 GGl 007 -00'} 000l - 00$°0
(coLL) | (z9'Lg-€z€)| (1opunp 0Lfgl) |(se|buejay)
G2 0l (#€01) 09¢ 0Gl 008 - 050 Japun 3 0040 V1S
(596 ) (02°'92- 0¥PS)
0¢ oL (968 ) 0€L orl 00'€-00¢C
(7€0l) (0¥°0S - 0L°BE)
0¢ oL (596 ) oL oSV 00Z2-0%'L
(8901) (0L°8¢ - 0¥'62)
0¢ oL (666 ) Gl GGl |qeo||ddy 0S'L-00L
(coLL) 10N (0¥'s2-0.7FL) | (suobexaH
0¢ oL (#€01) 0SL 09l 00°L - 00$'0 ‘salenbg
(ZgL1) (4epun® 02°gL) | ‘spunoy)
0z 0l (8901) SS1 g9l Japun 3 0040 V1S
(968) (0v'2sl - o' LpL)
[SLloz [8l oL (228 )0zl ocl 009 - 00V
(968) (0260¢)| (38pun ® 05°LPL)
GZ 0l (228 ) 02l 0cl "Xew gy Ispun 3 0¥ \' AV-IV9
€ € (ed) 1s¥ (ediN) Z 12 uonipuo) e[\
Jusdlad ‘ealy ar 19S4O IS (4-01 X zw) (wiw) you
JO uondNpayYy i teS1e erea T 0ie tftens tbs Siergueemied
uonebuo|g yibuans ploiA 9|Isua| ealy aouelsiq
"109G-SS01) Jo Jsjawelq
Jo ssaudIy L
("ur) wpm

seladold 8jisua] wnwiulp

saladoud gjisus) wnwiuiw sAojje wniuey) eleg-eyd|y - € 319v.L



https://saenorm.com/api/?name=437d2235781eabc29371e5ac4f38e003

SAE AMS-T-9047

AMS-T-9047

(968) (xew gg¥9)| (48pun = 0z'9/) ONZ
Gz 0l (L28 ) 0zl 0cl "Xew Q| Japun 3 00 vda -1Z¥-USZ-Iv9
(yeol) (09°L0L - 02°92)
[St]oz [9] 8 (s96 ) ovlL 0Gl 00t -00'€E
(8901) (0292 - 08°0S)
0z 8 (666,) Svi GGl 00€-002C
(z11) (08°0S - 0t'42)
0z 8 (8901) G61 0Ll 00Z-00°L
(90zL) | (‘’xew 9t'902)| (4opun g ot'gt)
0z 8 (c0LL) 091 G/l "Xew z¢ Japun 3 0L V1S USZ-A9-IV9
(v6) (09°'L0L - 02°92)
[SL]oz [8] 0L (688) /¥ 621 L€k 00'¥-00'¢
(986) (02°92-01°8¢)
0¢ oL (c06) 17 LEL eyl 00'€-0%L
(ozol) [|(xXew oy'v02)| (48pUN B 09'¢H)
0z 0l (¥¥6) 1t LEL 8yl "Xew z¢ Japun 3 0| \' USZ-A9-IV9
(029) 8|qea|ddy| (Jopun B 0y'42)
0¢ Gl (L1 ) sz 06 10N Japun 3 0L \' NS Z-IVE
(198) (02°'92-01°8¢)
0z 0l (€62 ) SLL Gzl 00°€- 051
(968) | ('xew gz'col)| “(opun 8 09°¢P) (In3)
Gz 0l (128 ) ozl o€l "Xew 9| Jgpun 3 0¢°| \ INGAE)
I I3 (edIn) 1s (edin) Z Z uonipuo) Aol
Jusdiad ‘ealry ar 19sy0 IS (;-01 X Zw) (ww) youy
10 uolonpay ul JuUsdJad juaolad z'ole yibuais ‘Ul "bg s)e|4 usamia
uonebuo|] yibuang plaiA a|isua| ealy aouelsiq
108G-SS01) J0 Jalswelq
Jo ssauyoIy
("ur) wpIMm

saladold ajiIsual wnwiuljy

(penunuon) seiuadoud ajisus) wWnwiuiw sAoje wniuey eyog-eyd|y - € 31gv.L

-10 -


https://saenorm.com/api/?name=437d2235781eabc29371e5ac4f38e003

SAE AMS-T-9047

AMS-T-9047

IS Gz uey} alow Aq yibuans piaIA wnwiuiw 8y} pasoxa jou |jeys yibuads pjaik wnwixep /¢

"191ealb 10 saydul "¢ JO SUOISUBWIP 9SISASURI) JOYS J0} UoIjoalIp 8sIaAsuUR) 1oys ay) o) Aidde [ ] syexyoelq ul senjep /€
" OAISN|OUI ‘SBYDUI--0}--JBAQ, SEB peal 8 |[BUS XXX X - XXX X Se UaAIb ssassauyolyl /2

"1opJ 10-10e13U00 By} Ul payoads se aq [jeys sayoul alenbs g| uey} Jabie| suonods jo saiuadoud [eolueyos
‘uonoauip|uiedbAue ul Aldde seiuadolid "ss9| Jo sayoul alenbs g| JO Bale |BUOI}OSS-SSPJO B Yim sjonpoud o) Alddy /L
(Peol) (09°L0OL - 08°pS)
[z1]sL [9] 8 (596 ) o¥L 0Gl 00t -0pC
(o)) (08°0S - 0t'62)
Gl 8 (reol) oSt 091 00Z-0p’)
(zz11) | (xew 02'60€)| (48puUn B Oy ¢Z)
Gl 8 (€0LY) 091 0Ll "Xew gy Japun 3 0p°L V1S
(596) (0¥'2sL - 02°'92)
[SL]oz [8l oL (968 ) O orl (009-0p€
(596) (08°0S - 0¥'§2)
0¢ oL (968 ) 0€L orl 00C-0pL
(666) | (‘xew 02'60¢)| (4opun g 0y §2)
0z 0l (0g6 ) sEL o172} "Xew gy Japun 3 0p°L \' ONY-IV .
(coLL) (09°L0L - 02°'92)
[zLlGL [o] 8 (P€0L) 0SL 09l 007 -0p'€
(8eL1) (0292 - 05°¢9)
[zLlGL [9] 8 (8901) GSL Gol 00'€-06¢
(zz11) | (xew9p90z)| (48pun g 0G'£9)
0z 0l (c0LL) 091 0Ll "XeWr-¢g Japun g 062 V1S
(PeoL) (09°L0OL - 08°pS)
[S1] oz [9] 8 (596 ) o¥L 0Gl 00t -0pC
(coLL) | ('xew 9$°902) | “«(4@pun 2 08'PG) ON9
Gz 0l (#€0L) 0SL 091 "Xew z¢ J8pun 3 0P va -1Z¥-USZ-Iv9
€ I3 (edIn) 1s (edin) Z k4 uonipuo Aol
Jusdiad ‘ealry ar IESTT) IS (;-01 X Zw) (ww) gauy
10 uolonpay ul Jusalad juaolad z'0le yibuans ‘Ul "bg sje|4 uaamlag
uonebuo|g yibuang platA a|isua| ealy aouelsig
108S-SS01) J0 Jalswelq
Jo ssauOIy |
("ur) wpIMm

saluadold ajisual wnuwiuljy

(penunuon) seiuadold sjisus) wWnwiuiw sAojje wniuey ejog-eyd|y - € 31gv.L

-11 -


https://saenorm.com/api/?name=437d2235781eabc29371e5ac4f38e003

AMS-T-9047 SAE AMS-T-9047
TABLE 4 - Beta titanium alloys minimum tensile properties
Thickness Minimum Tensile Properties
Diameter or
Distance Yield Strength | Elongation
Between Flats Tensile at 0.2 Percent | Percentin | Reduction of
Inch (mm) Strength Offset 4D Area, Percent
Alloy Condition 2/ ksi (MPa) ksi (MPa) 3/ 3/
8Mo-8V-2Fe- ST 2 00 &-under 130 ( 80R) 120 ( 8’)7) 10 24
3Al (50.80 & under)
2.00-4.00 125 ( 861) 120 ( 827) 8([6] 16 [12]
(50.80 - 101.60)
STA 2.00 & under 180 (1241) 170 (1172) 8 16
(50.80 & under)
2.00-4.00 180 (1241) 170 (1472) 6([4] 12 [10]
(50.80 - 101.60)
11.5Mo-6Zr- ST 1.625 & under 110 ( 756) 90\( 620) 15 50
4.5Sn (41.27 & under)
1.625 - 3.00 100 ( 689) 90 ( 620) 15 50
(41.27 - 76.20)
3.00 - 4.00 100 ( 689) 90 ( 620) 10 35
(76.20 - 101.60)
STA 3.00 & under 135+( 930) 130 ( 896) 12 40
1075F (76.20 & under)
ST 1.625 & under 180 (1241) 175 (1206) 8 22
D25F (41.27 & under)
1.625 - 3.00 180 (1241) 175 (1206) 6 10
(41.27 - 76.20
3AL-8V-6Cr- ST 1.50 & under 125 ( 861) 120 ( 827) 10 30
4Mo-4Zr (38.10'&’under)
1,50-+4.00) 120 ( 827) 115 ( 793) 10([8] 25[20]
(3810 - 101.60)
STA 1.50 & under 190 (1310) 180 (1241) 8 15
(38.10 & under)
1.50 - 3.00) 180 (1241) 170 (1172) 8([6] 15 [5]
\\JU. LAY IU.LU}
3.00 - 4.00 170 (1172) 160 (1103) 8 [3] 15 [5]
(76.20 - 101.60)
13V-11Cr-3Al ST 7.00 & under 125 ( 861) 120 ( 827) 10 25
(177.80 & under)
STA 4.000 & under 170 (1172) 160 (1103) 6 [2] 10 [5]
(101.60 & under)

1/ Thicknessess given as X.XXX - X.XXX shall be read as “Over--to--inches, inclusive”.
2/ Apply to products with a cross-sectional area of 16 square inches or less. Properties apply in any grain
direction. Mechanical properties of sections larger than 16 square inches shall be as specified in the contract

or order.

3/ Values in brackets [ ] apply to the short transverse direction for short transverse dimensions of 3.000 inches

or greater.
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TABLE 5 - Minimum ultrasonic quality levels

Product Thickness,

Ultrasonic Classification 1/

Diameter or Distance Surface Surface
Between Flats Finish | Finish Il
Inches (Millimeters) 2/ (See 1.4 and 6.2) | (See 1.4 and 6.2)
0.500 -1.500, incl. A1 AA
(12.70 - 38 10 incl)
Over 1.500 -6.000, incl. A A1
(Over 38.10 - 152.40, incl.)
Over 6.000 - 14.000, incl. B A
(Over 152.40 - 355.60, incl.)

|—=

N

3.6 Microstructure:

Bars shall ha
addition, the r

Acceptance classes shall be in accordance with AMS 263 1\as specified for Grad
1 material.
Surface area to be scanned shall be as specified in./AMS 2631, except that the
minimum size for round and flat-faced products shalt'be 0.500 inch in diameter of
distance between flats.

e a uniform and sound wrought-metal structure throughout the entire
on-beta titanium products other than 6AI-2Cb-1Ta-0.8Mo shall have a microstructure

product and, in

essentially free of prior beta grain boundaries or other evidence of processing above the beta
transus. Unless the products show, definite non-conformance to these requirements| or to micrograph

standards agreed upon by the proeuring activity and the producer, microstructure s

for rejection.

3.6.1 Reforging sfock shall have a microstructure as ordered by the forging manufactu

3.7 Dimensional Tolerances:

3.7.1 Rolled Bar: Molerances shall conform to AMS 2241

hall not be cause

er (See 6.2).

3.7.2 Forged Bar and Reforging stock: Tolerances shall conform to Table 6.
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3.8

3.8.1

3.8.1.1

3.8.2

3.9 Workmanship;;
Products shal
contamination,
detrimental to

4. QUALITY ASSL

Identification of Product:

Bars: Each bar 0.5 inch and greater in diameter or least width of flat surface shall be marked in a
row of characters recurring at intervals not greater than three feet. Marking shall include the basic
number and revision letter of this specification, producer’s name or trademark, mill heat or lot
number, composition (1.2), heat treat condition (1.3), and finish (1.4). The characters shall be of
such size and clarity as to be legible with unaided normal vision and shall be applied using a
suitable marking f|UId whose residue shall contaln not more than traces of halogen bearing

compounds )

Bars smal

boxed, etg.

following i

trademark,

This ident
bundle or

Reforging S

er in size than specified in 3.8.1 shall be securely bundled.of-contain

,) for shipping. Each bundle or container shall be markedat both en
dentification: the number and revision letter of this specification, prod

fication shall be marked on the container or on durable tags securely
container.

tock: Identification shall be as agreed by the forging manufacturer (Sq

be uniform in quality and condition, free of alpha-case and other har
clean, sound, and free from*foreign materials and from internal imp¢
fabrication or performance of parts.

JRANCE PROVISIONS:
for Inspection:
ise specified in the contract or purchase order, the contractor is resp

bf allinspection requirements as specified herein. Except, as otherwis
rchase order, the contractor may use his own or any other facilities s

g solution without
prmance of parts,

erized (crated,
s with the
lcer’'s name or

heat and lot numbers, composition (1.2), heat treat.condition (1.3), and finish (1.4).

attached to the

be 6.2).

mful surface
prfections

bnsible for the
e specified in the
hitable for the

manaection racptirAamaANte oA~ A

hf +h dhao nla dic ad
ISP TtoUrT T CHUiTCTIeTto SpToTnmtcU IIGIUIII HHESS uloapyluvcu

y the

Government. The Government reserves the right to perform any of the inspections set forth in the
specification where such inspections are deemed necessary to assure supplies and services
conform to prescribed requirements.

4.1 Responsibility
Unless othemm
performance
contract or pu
performance

4.1.1

Certification of Quality Compliance: A certificate of quality compliance shall be prepared for each
lot of material offered for acceptance (See 6.1.1). The certificate shall include actual data of
specified chemical and mechanical tests. Qualitative results of nondestructive tests and other
inspections or tests shall be recorded on the certificate. The certificate shall also state that each lot
has been sampled, tested, and inspected in accordance with the specification and meets all
specification requirements. The certificate shall be signed by a responsible representative of the

contractor.
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TABLE 6 - Forged bar and reforging stock dimensional tolerances

Size, Millimeters

Dimensional Tolerance. Inches (mm), Except Width and Straightness) 1/

Thickness Over Over Over Over Over
Range| 0.250-1.000 | 1.000 - 2.000 2.000 - 4.000 4.000 - 10.000 10.000 - 12.000 Width

Width (6.35-25.40) | (25.40-50.80) |(50.80-101.60) | (101.50 - 254.00) | (254.00 - 304.80) | Tolerance
Range Incl. Incl. Incl. Incl. Incl. Millimeters

Over 1.000 - 2.000 +3/64, -0 +1/16, -0 - - - +1/8, -0

(25.40 - 50.80) Incl. (+1.19.-0) (+159.-0) (+3.17,-0)

Over 2.000 - 4.000 +1/16, -0 +1/4, -0 +1/4, -0 -- = +1/4, -0
(50.80 -101.60) Incl. (+159, -0) (+6.35, -0) (+6.35, -0) (+6.35, -0)

Over 4.000 - 6.000 -- +1/4, -0 +1/4, -0 +3/8, -0 - +3/8, -0
(101.50 - 152.40) Incl. (+6.35, -0) (+6.35, -0) (+9.53, -0) (+9.53, -0)
Over 6.000 - 10.000 - +3/8, -0 +3/8, -0 +3/8, -0 - +1/2, -0
(152.40 - 254.00) Incl. (+9.53, -0) (+9.53, -0) (+9.53,-0) (+12.70, -0)
Over 10.000 - 12.000 - - +3/8, -0 ¥3/8/ -0 +1/2, | -0 +5/8, -0
(254.00 - 304.80) Incl. (+9.53, -0) (+9.53, -0) (+12.70, -0) (+15.87, -0)

1/ Straightness Tole,
exceed 1/8-inch (
L/480 inch (L/1.2

4.2

4.3

4.3.1

43.2

4.4

441

Lot:
A lot shall cor

Sampling:

fance: Maximum deviation from straightness (bow) up to 60 inches (1.524 X 108 mm
3.175 mm) and for lengths greater than 60 inches.(1.524 X 108 mm) shall not exceed
92 X 104 mm), where “L” denotes length in inches (mm).

sist of products of the same-mill heat, size and shape processed at t

Bar: Sampling shall be accomplished in accordance with Table 7.

Reforging Stock: Sampling shall be as specified by the forging manufacturer.

Quality Confo

rmance Examination:

Bar products shall be examined In accordance with the Tollowing provisions. Reforg

examined as specified by the forging manufacturer (See 6.2).

in length shall not

he same time.

ng stock shall be

Visual Examination: Samples selected in accordance with Table 7 shall be visually examined for
conformance to the surface finish (1.4), identification (3.8), and workmanship (3.9) requirements.
Surface roughness measurement shall be in accordance with ANSI B46.1.
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TABLE 7 - Bar products quality conformance sampling

I ’ Test Samples
nspection or |es
P Heat 1/ Lot 2/
Visual
Examination 3/ Random samples per MIL-STD-105,
Dimensional = Inspection Level I, AQL of 1.5.
nspection
Each Indot Random samples per MIL-STD-105,
Chenmical Analysis 9 Inspection Level S-3, Acceptance No.
4/ 5/
of Zero.4/
Lot Sample Quantity per Lpt
Quantity (Randem Bars)
_ (Bars) , Metallogratrhic
TensnedTest Tensile Tests Examination
and 3/ 1-15 2 1
Metallographic 16-50 4 5
Elxamination )
51-150 6 3
151-500 8 5
Over’500 6/ 7/
Jltrasonic 3/ per 4.5.2
Inspection
1/ Unit of sample is ingot.
2/ Unit of sample is bar of as processed (rolled or forged and heat treated) length.
3/ Not applicable.
4/ Hither heat or lot analysis:is‘acceptable, except that hydrogen shall be determined on
dach lot.
5/ Qomplete ingot analysis shall be available to the procuring activity.
6/ Hight bars plus.additional bars as required above for equivalent quantities over 500.
7/ Hour bars plus@dditional bars as required above for equivalent quantities over 500.
4.4.2 Metallographic Examination:
4.4.21 Macrostruettre-A-specimenatieast8-5inchlongby fult-cross=sectionfrom—each end of each

sample selected in accordance with Table 7 shall be macrostructurally examined for
conformance to the workmanship requirements of 3.9. Unless otherwise specified or approved
by the procuring activity (See 6.2), macrostructural examination shall be performed in
accordance with AMS 2643.

4.4.2.2 Microstructure: In addition to the macrostructure examination required by AMS 2643,
conformance to the microstructure (3.6) and workmanship (3.9), requirements shall be
determined by examining at least one polished and etched specimen from each sample selected
in accordance with Table 7. Examination of microstructure and for alpha-case shall be made at
an approximate magnification of 250X and 100X, respectively. Other magnifications shall be
used as required to ensure acceptable quality.
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TABLE 8 - Tension specimen requirements

Size, Inch (Millimeters) Tension Specimen
Thickness,
Diameter or
Distance Between Configuration| Test Direction
Product Flats Width 2/ 3/ and Location
0.375 - 1,500 Ingl R1. R2 Long't“d'?a' from
(9.52 - 38.10) Incl. ~ or R3 Ccentel gt cross
Round sectjon.
Squareland Longitudinal from
Hexsgr’”a' Over 1.500 v R1, R2, betwefa”d ?J”sd mid-
(Over 38.10) or R3
and cepter of
cross-sgction.
3.000 Longitudinal from
(%%7251257%()) Ilrr:é:ll. and under F2 or R3 center of cross-
' ' "| (76.20 & under) sectjon.
Rectangular Longitudjnal and
Ba transverge from
Over 0.500 Over.8.000 R1, R2, between and mid-
(Over 12.70) (Over'76.20) R3 rad|us
and cepter of
cross-segtion. 4/

1/ Not applicable
R1, R9 and R3 designates specimens corresponding to round tension specimens as specifi¢d in ASTM
E 8 for]0.500, 0.350 and 0.25Q%nch nominal diameters in the reduced test section, respectively. In case
of dispute, the results obtained from testing the largest possible of these three specimen siges shall
govert|.
3/ F2 dedignates standard-sheet-type specimens with a 1/2 inch width reduced test section as gpecified in
ASTMIE 8 for rectangular tension specimens.
4/ Trans\erse specimen shall be in the short transverse dimension for products with short tragsverse
dimension of’3.000 inches and greater.

4.5 Quality Conformance Inspection:

4.5.1 Dimensional Inspection: Samples selected in accordance with Table 7 for dimensional inspection
shall be measured for conformance to the applicable dimensional tolerance.

4.5.2 Ultrasonic Inspection: When required (See 3.5 through 3.5.2), all products 0.500 inch or greater in
diameter, thickness or distance between flats shall be inspected in accordance with AMS 2631 for
conformance to the applicable ultrasonic quality requirements. Ultrasonically inspected material
shall be identified as agreed upon by the procuring activity and producer (See 6.2).

4.5.3 Packing: Each shipment shall be inspected for conformance to the packing and marking
requirements specified in 3.8.1.1 and Section 5.
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