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1. SCOPE:
1.1 Form:
casti

1.2 AEEIivat1on Primarily for parts of intricate design requ1r1m
comb i

This specification covers a titanium alloy in the“form
hgs having four grades of permissible discontinuities.

hation of good strength-to-weight ratio, créep and fatig
brrosion resistance up to 750°F (400°C).

Ly Grades: Grades A, B, C, and D are.defined in 3.7.1.2

and ¢
1.3 Quali
3.7.3
2. APPLIC

. If grade is not specified, Grade“C’ or better shall be

2.1

a1 Specifications shall apply. The applicable issue of (¢
pe as specified in AMS 2350.

ibTications: Available’ from SAE, 400 Commonwealth Drive

2.1.1 Aerpspace Material-Specifications:

D96.

AMS
AMS
AMS
AMS
AMS

2350 - Standards and Test Methods

2635 - Radiographic Inspection

2645 ~\Fluorescent Penetrant Inspection
2694 - Repair Welding of Aerospace Castings
2804~ Identification, Castings

of investment

ga
e properties,

3.7.2, and
supplied.

ABLE DOCUMENTS: The following publications form a part ¢f this
speciffication to the extent specified herein. The latest issu¢ of Aerospace
Materi
shall

SAE P
PA 15

ther documents

Warrendaie,

SAE Technical Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences.
The use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement
arising therefrom, is the sole responsibility of the user.”

AMS documents are protected under United States and international copyright laws. Reproduction of these documents by any
means is strictly prohibited without the written cansent of the publisher.
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2.2 ASTM Publications: Available from American Society for Testing and
Materials, 1976 Race Street, Philadelphia, PA 19103.

ASTM E8 - Tension Testing of Metallic Materials

ASTM E18 - Rockwell Hardness and Rockwell Superficial Hardness of
Metallic Materials

ASTM E120 - Chemical Analysis of Titanium and Titanium Alloys

ASTM E384 - Microhardness of Materials

2.3 U.S. Government Publications: Available from Commanding Officer, Naval
Publicatiens and Forms Center, 5801 Tabor Avenue, Philadelphia, PA 19120.

2.3.1 Militdry Standards:

MIL-STD-794 - Parts and Equipment, Procedures for Packagihg and Packing of
MIL-H+81200 - Heat Treatment of Titanium and Titanium Alloys

3. TECHNICAI REQUIREMENTS:

3.1 Composition: Shall conform to the following percentages by weight,
@ determined by wet chemical methods in accordance with ASTM E120|or by
spectrog¢hemical or other analytical methods approved by purchasgr:

min max
Aluminum 5.50 - 6.75
Vanadium 3.50 - 4,50
IY‘OYI - 0030
Oxygen -- 0.20
Carbon -~ 0.10
Nitrogen -- 0.05 (500 ppm)
Hydrogen -- 0.015 (150 ppm)
Yttrium -- 0.005 ( 50 ppm)
Residual Elements, each (3.1.1) -- 0.10
Residual Elements, total (3.1.1) -- 0.40
Titanium remainder

3.1.1 Deterpination not required for routine acceptance.

3.2 Conditigni' Annealed.

3.3 C(Casting:

3.3.1 The metal for castings shall be melted and poured under vacuum without
Toss of vacuum between melting and pouring.

3.3.2 Castings shall be poured either from remeited metal from a master heat or
directly from a master heat. In either case, metal for casting shall be
qualified as in 3.4.

=S

i *" w\ i Distributed under license from the IHS Archive



https://saenorm.com/api/?name=819c7cda5de69396317aed0a3eeabcea

SAE AMS*H?WLAVB? I 4357340 0019000 2

Page 3

AMS 4991A

3.3.2.1

3.3.2.2

3.4 Ma

A master heat is refined metal of a single furnace charge, multiple
melted using consumable eletrode practice with at least the final
melting cycle under vacuum, melted and cast into ingot or pig under

vacuum, or is metal blended as in 3.3.2.2.

Gates, sprues

s risers, and

rejected castings shall be used only in preparation of master heats,
they shall not be remelted directly, without refining, for pouring of
castings.

Metal from two or more master heats may be blended provided that the
composition of each master heat to be blended is within the limits of
3.1 and that the total weight of metal blended does not exceed 10,000 1b

(
b

ste

500 KgJ. When two or more master heats are blended, th
Tend shall be considered a master heat.

r Heat Qualification: Each master heat shall be qualifi

evaluation of chemical analysis and tensile specimens: conform

and 3.4.2, respectively.

A master heat may be considered con

qualiffied if vendor's test results show conformance to all ap

re
co

qui
nfi

resul

as

3.4.]

3.4.2

a

Chemical Analysis Specimens:

rements of this specification. However, except when pur
rmatory testing, final qualification shall be based on p
ts. Conditional qualification of a master heat shall be
quarantee of acceptance of castings.poured therefrom.

Shall.be of any convenient si

form.

Ten

sile Specimens: Shall be-cast from remelted metal from

3.5

hed|
spe
sha
(6.
be

0.2
OXY
con

Heat

t except when castings are poured directly from a master
cimens shall also be_poured directly from the master hea
11 be of standard proportions in accordance with ASTM E8
25 mm) diameter at the reduced parallel gage section. S
cast to size orSshall be cast oversize and subsequently
50 in. (6.25,mm) diameter. Tensile specimens shall be f
gen-rich or.carbon-rich layer, such as alpha case, or ot
tamination<(See 3.6.3).

Treatwent: Castings, integrally-cast coupons, and separ

to
th

tens i

a

le .specimens shall be annealed by heating in argon atmos
temperature within the range 1300° - 1550°F (705° - 845°

es

P resultant

bd by

ing to 3.4.1
ditionally
plicable

chaser waives
urchaser's test
not construed

ze, shape, and

pach master
heat the

t. Specimens
with 0.250 1in.
necimens shall
machined to

ree of

her surface

ptely-cast
phere or vacuum
C), holding at

ooling in the

furnace to below 1000°F (540°C), and cooling in air to room temperature.
Furnace surveys and calibration of temperature controllers and recorders
shall be in accordance with MIL-H-81200 or a survey and calibration program
certified by the vendor as meeting the intent of MIL-H-81200.

3.6 Properties:

Castings, specimens cut from integrally-cast coupons, and

representative tensile specimens produced in accordance wih 3.4.2 shall
conform to the following requirements; conformance to the requirements of
3.6.1.1 shall be used for acceptance of castings except when purchaser
specifies that the requirements of 3.6.1.2 shall apply:
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3.6.1 Tensile Properties: Shall be as specified in 3.6.1.1 or 3.6.1.2,

3.6.1.1

3.6.1.2 Spe¢imens Cut From Castings:

3.6.1.2.1 Désignated Areas:

3.6.1.2.2 Nan-Designated Areas:

3.6.2
'}

3.6.3

determined 1in accordance with ASTM E8 with the rate of strain maintained
at 0.003 - 0.007 in./in. per min. (0.003 - 0.007 mm/mm per min.) through
the yield strength and then increased so as to produce failure in
approximately one additional minute. When a dispute occurs between
Burchaser and vendor over the yield strength values, a referee test shall

e performed on a machine having a strain rate pacer, using a rate of
0.005 in./in. per min. (0.005 mm/mm per min.) through the yield strength
and a minimum cross head speed of 0,10 in. (2.5 wm) per min. above the
yield strength.

Separately-Cast Specimens or Specimens Cut From Integrally-Cast Coupons:
Tengile Strength, min 130,000 psi (898 MPa)

Yield Strength at 0.2% 0ffset, min 120,000 psi\(825 MPa)
Elopgation in 4D, min 6%

Ténsile Strength, min 130,000 psi (895 MPa)
Yield Strength at 0.2% Offset, min 120,000 psi (824 MPa)
Elongation in 4D, min 6%

Ténsile Strength, min 127,000 psi (87§ MPa)
Yield Strength at 0.2% Offset, min 110,000 psi (760 MPa)
Elongation in 4D, min 4.5%

Hardngss of Castings: .Should be not higher than 39 HRC, or equivalent,
determined in accordance with ASTM E18, but the castings shal] not be
rejected on the basis’ of hardness if tensile property requirements of
3.6.142 are met,

Surfage Contamination: Castings shall be free of any oxygen-tich or

determined'by microhardness measurements in accordance with A§TM E384 in

carbon-rich<layer, such as alpha case, or other surface contanination,
conjunction with standard metallographic techniques. %

3.7 Quality:

3.7.1

3.7.1.1

Castings, as received by purchaser, shall be uniform in quality and
condition, sound, and free from foreign materials and from imperfections
detrimental to usage of the castings.

Castings shall have smooth surfaces and shall be well cleaned. Metallic
shot or grit shall not be used for final cleaning.

e — e ————— ~
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3.7.1.2 Detrimental imperfections include negative surface conditions, such as
voids or depressions, and subsurface conditions, such as less-dense or
more-dense foreign material, gas holes, and shrinkage, and shall be
controlled as follows; definitions of discontinuities referenced herein
are shown in 8.2:

3.7.1.2.1 Permissible Negative Surface Discontinuities: Shall be not greater
than specified in Table I for the area grade of the casting as
specified on the drawing:

TABLE I
Max imum
Maximum Discrete Cluster
Maximum Number Discontinuity Length Length
Area of Discontinuities Inch (3.7.1.2.1.1)
Grade (See 8.1) Linear NonTinear Inch
A 4 discrete discontinuities None ' None
in a 1-in. square Allowed 0.015 Allowed
B 4 discrete discontinuities None
in a 1-in. square Allowed 0.020 -~
One cluster in a 2-in. Nonée 0.010
square Altowed (3.7.1.2.1.2) 0.125
C 8 discrete discontinuities 0.020,
in a 1-in. square One max 0.030 --
One cluster in a 2-in. 0.030
square 0.010 (3.7.1.2.1.2) 0.375
D 8 discrete discontinuities 0.045,
in a 1-in. square Two max 0.040 --

/__f Distributed under license from the IHS Archive
A
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TABLE I (SI)

Maximum
Maximum Discrete Cluster
Maximum Number Discontinuity Length Length
Area of Discontinuities Millimetres (3.7.1.2.1.17)
Grade (See 8.1) Linear Nonlinear Millimetres
A 4 discrete discontinuities None None
in a 25-mm square Allowed 0.40 Allowed
B 4 discrete discontinuities None
in|a 25-mm square Allowed 0.50 --
One ¢luster in a 50-mm None 0.25
sqyare Allowed (3.7.1.2.1.2) 3.0
C 8 digcrete discontinuities 0.50,
in [a 25-mm square One max 0.75 --
One g¢luster in a 50-mm 0.75
sqyare 0.25 (3.751.2.1.2) 9.5
D 8 didcrete discontinuities 1.15,
in [a 25-mm square Two max 1.00 --

3.7.1.2.1.1 |Clusters shall be nonlinear. An area of shrinkage appearing on a
finished surface may be consddered a cluster,

3.7.1.2.1.2 |One discrete nonlinear discontinuity is permitted within the cluster.

3,7.1.2.2 Pqgsitive (Raised) Material on Cast Surfaces: Excess material on cast
syrfaces shall be permissible as follows:

3.7.1.2.2.1 |Nodules: Threeynodules, 0.020 in. (0.50 mm) and under in height
above the parent surface and 0.020 in. (0.50 mm) and under in
length, are permissible in a 1-in. (25-mm) square or ong¢ nodule,
0.020 in%~(0.50 mm) and under in height and 0.150 in. (3.75 mm) and
under <in’ length, is permissible in a 2-in. (50-mm) square.

3.7.1.2.2.2 [parting Lines and Gating Material: Positive material in the form of
parting Tines, gates, risers, or material due to wax welds Tess than
0.015 in. (0.40 mm) in height above the parent surface is
permissible.

3.7.1.2.2.3 Areas to be Finished: Positive material up to 0.060 in. (1.50 mm)
in height above the parent surface is permissible in areas to be
finished.

3.7.1.2.3 Negative Depressed Discontinuities on Cast or Finished Surfaces:

3.7.1.2.3.1 Unlimited Discontinuities:

3.7.1.2.3.1,1 Discontinuities which will be removed by final finishing
operations are permissible,

Distributed under license from the IHS Archive
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3.7.1.2.3.1.2 In Grade C or D areas, unlimited discrete discontinuities

3.7.1.2.3.2 Other Surface Conditions: Flowlines on a cast surface, which
3.7.1.2.3.2.1 Flowlines shall have well-rounded contours.
3.7.1.2.3.2.2 The width of the flowline shall be equal to, or gregter than,

3.7.1.2.3.2.3 Flowlines shall not be associated with cold_shuts orf misruns.

3.7.1.2.3.2.4 In Grade A areas, flowlines are permissible provided the flowlines

3.7.1.2.3.2.5 In Grade B, C, and D areas, flowlines 0.005 in. (0.12 mm) and

3.7.1.2.3.2.6 In Grade C and D areas, flowlines 0.010 in. (0.25 :1) and under in
v

3.7.2

3.7.2.1

0.020 in, (0.50 mm) and under in length and separated by at least
0.100 in. (2.50 mm) are permissible if the subsurface portions of
these discontinuities are in accordance with limitations specified
in 3.7.2.

indicate the direction of metal flow, are permissible in accordance
with 3.7.1.2.3.2.1 through 3.7.1.2.3.2.6.

twice the depth of the flowline below the parent)surface.

do not extend below the parent surface.

under in depth below the parent surface are permissible without
length or number restriction.

depth below the parent surface are permissible provided that not
more than two such flowlines exist in a 1-in. (25-mp) square and
that the flowlines are 0.250 in. (6.25 mm) and under in length.

Castings shall be produced under radiographic control. Thi§ control shall
congist of radiographic-examination of castings in accordan¢e with

AMS| 2635 until proper foundry technique, which will produce|castings free
from harmful internal imperfections, is established for each part number
and|of production’castings as necessary to ensure maintenan¢e of
satjsfactory quality as defined in Tables II and III.

Sprinkager Shall be in accordance with Table II. Depth of such
shrinkage shall be as agreed upon by purchaser and vendor|

/_’_/ Distributed under license from the IHS Archive
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TABLE II
Maximum Shrinkage Length, Inch
Maximum Minimum Feature Thickness, Inch
Number  Separation Feature Over 0.250 Over 0.500
Area in l-in. (3.7.2,1.1) Thickness Up to to to Over
Grade Square Inch Inch 0.250, incl 0.500, ipecl 0.750, incl 0.750
A 3 0,500 Up to 0.500, incl 0.050 0.070 0.120 0.150
0.200 Over 0.500 0.050 0.070 0.120 0.150
B 3 0,200 Up to 0,500, incl 0.120 0.160 0.200 0.220
0.120 Over 0.500 0.120 0.160 0.200 0.220
c 5 0.100 All 0.1%0 0.200 0.220 0.250
)] 7 0,100 All 0.250 0.250 0.270 0.300
TABLE II (SI)
Maximum Shrinkage Lenath, Millipetres
Maximum Minimum Feature Thickness, Millimetres
Number  Yeparation Feature Over 6.25 Over 12.50
Area in 25-mm (3.7.2.1.1) Thickness Up to to to Over

Grade Square Millimetres Millimetres 6.25inel  12.50, inecl 18.75, ing¢l - 18.75
A 3 12,50 Up to 12,50, incl 1.25 1.75 3.00 3.75
5.00 Over 12,50 1.25 1.75 3.00 3.75
B 3 5,00 Up to 12.50, -incl 3,00 4,00 5.00 5450
3.00 Over 12.50 3.00 4.00 5.00 5.50
C 5 2,50 A1l 4.75 5.00 5.50 6¢25
D 7 2.50 All 6.25 6.25 6.75 7.50

Distributed under license from the IHS Archive
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3.7.2.1.1 Discrete areas of shrinkage separated by less than the amount shown 1in
Table II shall be considered as one discrete discontinuity.

3.7.2.2 Gas Holes and More-Dense or Less-Dense Foreign Material: Shall be in
accordance with Table III. Depth of less-dense foreign material
discontinuities shall be as agreed upon by purchaser and vendor.

TABLE III
Maximum Number
Area in a 1-in, Minimum Separation Maximum Length
= VYAV A 47.2.2.2)
A 3 0.250 in. (6.25 mm) 1/8 séction thickness
B 6 3 times the largest 1/4°section thickness
dimension of the for 0.060 (in. (1.50 mm)

larger discontinuity and under wall; 3/8
section thickness for
wall over [0.060 in.

(1.50 mm)
C 9 2 times the largest 1/2 section thickness
dimension of the
largerdiscontinuity
D 12 2 times the largest 1/2 section thickness

dimension of the
larger discontinuity

3.7.2.2.1| Discrete gas holes and foreign material discontinuities| separated by

less than the_amount shown in Table III shall be considered as one
discrete discontinuity.
3.7.2.2.2| The maximum discontinuity lengths in Table III are based on the

feature section thickness for which high-Tow 1imit dimensions are
shown on, or can be determined from, the detail drawing. If the
deta11 draw1ng 1nd1cates that a feature w111 be f1n1sh-o, but the

< e ; e—d rsierR's shown on the
deta11 drawing, the max1mum d1scont1nu1ty 1ength permitted is one-half
that shown in Table III with no change in number and separation
requirements.

3.7.2.3 Combinations of Different Types of Defects in the Same Area: Discrete
discontinuities permitted by Tables II and III may exist in the same
area provided that all requirements of 3.7.2.1 and 3.7.2.2 are met, that
the total number of discrete discontinuities is not greater than
permitted by Table II, and that the minimum spacing between Table II and
Table III defects is not less than permitted by Table II.
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3.7.2.4 Background Discontinuities: Size and number of background
discontinuities shall not exceed, and the spacing shall be not less
than, that indicated by any of the reference charts (Fig. 1) specified
in Table IV. The depth of background discontinuities shall be as agreed
upon by purchaser and vendor,

TABLE IV
Spacing Between
Table I1I,
Standard Table II Table III Table III,
Area Chart i inuiti i inuiti ckground
Grade (See Fi Permissible Permissible Disceptinuities

A No Bagkground Yes Yes -
Discoptinuities
Permitted
B Yes Yes None Required
B Yes Yes Per Table II
B Yes Yes None Required
B One discrete No None Required
C&bD Yes Yes Per Table II
C&D Yes Yes None zequired
C&D Yes Yes Per Table II

3.7.2,5 Other Indications: Indications due to grain orientation, diffraction
pattérn, variations <in  material density, or ghost lines are permissible

in aJl areas.

3.7.2.6 Qther Discontinuwities: Discontinuities which will be removed by final
finighing operations are not restricted.
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3.7.3 Blending: Blending of cast surfaces is permissible as specified in

3.7.3.1

3.7.3.2 Blended areas shall be smooth with no-radius less than 1/4 in. (6 mm)

3.7.3.3

3.7.4

3.7.5

3.7.6

3.7.6.1
)

Table V and 3.7.3.1, 3.7.3.2, and 3.7.3.3.

TABLE V
Blend Depth Limit
(3.7.3.1)
Minimum Specified Below Minimum
Area Feature Thickness Specified Thickness
Grade ~ Inch MilTimeTres Inch MilTimetre
A and—B—Hp—to0-100—exet—HUpto2-50;—exet—Not—betow minimum
specifigd thickness
0.100 and Over 2.50 and Over 0:005 0.12
Cand D Up to 0.100, excl Up to 2.50, excl 0.010 0.25
0.100 and Over 2.50 and QOver 0.020 0.50

Aneas blended below minimum specified thickness shall be not greater
than 1 sq in. (645 m?) in area.

ejcept that an internal blended radius equal to the minimum internal
rddius specified on the drawing .is permissible on the curved surface
rgpresented by that radius.

Blended areas shall be separated by distances equal to, orn greater than,
the length of the largestiadjacent blended area or 1 in. (25 mm),
whichever is less. Blended areas separated by less than 1 in. (25 mm)
siall be considered .as”one blended area.

Disdontinuities fdar)which specific 1imits are not defined hdrein, such as
hot [tears, crack's, cold shuts, and misruns, are not acceptable. Any type
of discontinuity appearing on opposite sides of a wall, and which is

intgrconnected, is not acceptable.

When speecified, castings shall be subjected to fluorescent penetrant

insgection in accordance with AMS 2645. Standards for acceptance shall be
as grppd upon by purchaser and vendor

Castings shall not be repaired by peening, plugging, welding, or other
methods without written permission from purchaser.

When permitted in writing by purchaser, defects in castings may be
removed and the castings repaired by welding in accordance with AMS 2694.
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4.

QUALITY ASSURANCE PROVISIONS:

4.1

Responsibility for Inspection:

The vendor of castings shall supply all

samp les for vendor's tests and shall be responsible for performing all

required tests.
required by 4.5.

Results of such tests shall be reported to the
Purchaser reserves the right to sample and to

purchaser as
perform any

confirmatory testing deemed necessary to ensure that the castings conform to
the requirements of this specification,

4.2 Classification of Tests:

4.2.]

confo
class
maste
4.2.1.1 Ten
spe
ava

4,2.2 Preproduction Tests:

Acceptance Tests:

Except as specified in 4.2.1.1, tests to determine

iance to all technical requirements of this specificati
ified as acceptance tests and shall be performed to repr
heat or lot as applicable.

ile properties of specimens cut from castings shall be
when specified by purchaser or when representative sep
imens or specimens cut from integrally-castOcoupons are
ilable. Tensile properties of separately=Cast specimens
integrally~-cast coupons need not be determined when te
perties of specimens cut from castings. are determined.

Tests to determine conformance to all t

requi
and s
casti
requi

{ements of this specification are classified as preprodu

all be performed prior to or;on the first-article shipm
ng to a purchaser, when a change in material, processing
res reapproval as in 4.4,2; and when purchaser deems con
hg to be required.

DN are
hsent each

letermined
arately-cast
not

or specimens
1sile

echnical
ction tests
ent of a

L or both
Firmatory

direct U.S. Military procurement, substantiating test data and, when

ested, preproduction test material shall be submitted t
izant agency as directed by the procuring activity, con
cer, or request for procurement.

: Shallbe as follows; a lot shall be all castings fro

b the
tracting

one master

heat polired at(one time, annealed in one furnace load, and presented for

inspection at one time:

master heat or a casting from each Tot except that for hydrogen

determinations one sample from each lot, obtained after thermal and
chemical processing is completed.

testi
4.2,2,1 For
req
cog
of f
4.3 Samplin
vendor!
4.3.]
g
4.3.2
a

Except when specimens cut from castings are required, three
separately-cast tensile specimens in accordance with 3.4.2 representing

each lot or three tensile specimens obtained from integrally-cast coupons

as in

4.3.2.].
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4.3.2.1 One integrally-cast coupon, when specified or permitted by purchaser,
obtained from each of three castings selected at random from each Tlot.
Coupons shall be of a size and shape and located on castings as
specified on the part drawing or as agreed upon by purchaser and
vendor. Specimens conforming to ASTM E8 with 0.250 in. (6.25 mm) at the
reduced paralilel gage section shall be machined from each coupon.

4,3.3 Two preproduction castings in accordance with 4.4.1 of each part number.

4.3.4 One or more castings from each Tot when tensile properties of specimens
cut from castings are required. Specimens shall conform to ASTM E8 and
shall be either 0.250 in. (6.25 mm) diameter at the reducedeara]]e] gage
section, sub-size specimens proportional to the standard, o1n standard
shegt-type specimens. For determining conformance to the rdquirements of
3.6J1.2, if specimen locations are not specified on the drawing or by
purg¢haser, not less than four tensile specimens, tw0 from the thickest
section and two from the thinnest section, shall be cut from a casting or
castings from each Tlot.

4.,3.5 For|determining conformance to quality requirements, sampling shall be as
agreed upon by purchaser and vendor.

4.4 Approyal:

4.,4,1 Sample castings from new or reworked master patterns and the casting

prog¢edure shall be approved by purchaser before castings fo# production
use|are supplied, unless such~approval be waived by purchasgr.

4.4,2 Vendor shall establish, séparately for tensile specimens used for master
heat qualification and‘for production of sample castings of |each part
number, parameters for-the process control factors which will produce
tengile specimens meeting master heat qualification requirements and
acceptable castings; these shall constitute the approved cagting
pro¢edures andtishall be used for producing subsequent master heat
qualification-specimens and production castings. If necessgry to make any
chamnge in parameters for the process control factors, vendor shall submit
for|reapptoval a statement of the proposed changes in procegsing and, when
reqliested, test specimens, sample castings, or both. Produgtion castings
incorporating the revised operations shall not be shipped prior to receipt
of reapproval.
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4.5.1

4.5.2

4.4'2.].] A

4.5 Reports

but are not 1imited to, the following:

Size of furnace crucible
Master heat metal source
Furnace atmosphere and pressure
Mold refractory formulation
Mold back-up material

Gating practices

4.4.2.1 Control factors for producing tensile specimens and castings include,

Mold preheat and metal pouring temperatures; variations of +25°C

S %i]§°§) from established 1imits are permissible

0 es

Hot| isostatic processing (HIP) cycles, if used
Annealing heat treatment cycles

Cleaning operations

Weld repair of castings when permitted by purchaser
Methods of inspection

ny of the above process control factors for which parame

considered proprietary by the vendor may be assigned a co
d}signat1on. Each variation in such parameters shall be
modified code designation.

The vendor of castings shall furnish with each shipment a rep(
the results of tests for chemicalicomposition of at Teast one
of spg¢cimens as in 3.4.1 cast«in a mold with parts, from each

repregented and the results df tests for tensile properties of

separately-cast specimens,.specimens cut from integrally-cast
ﬁermi ted, or of specimens’cut from castings representing eac
ardness of castings from each lot, and stating that the cast

to the quality requirements of this specification. This repo

ters are
e
ssigned a

prt showing
casting, or
master heat

coupons when

lot and for
ngs conform
t shall

include the purchase order number, master heat number or code|symbol, AMS

4991A} part number, and quantity.

The vendor of _finished or semi-finished part shall furnish wi
shipment a report showing the purchase order number, AMS 4991
or othertdirect supplier of castings, part number, and quanti
castings’ for making parts are produced or purchased by the pa

h each

» contractor
y. When

ts vendor,

that vendor shall inspect ¢astings from each master heat represented to
determine conformance to the requirements of this specification and shall
include in the report either a statement that the castings conform or
copies of laboratory reports showing the results of tests to determine

conformance.
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