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TITANIUM ALLOY CASTINGS, INVESTMENT 
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1. SCOPE: 

1.1 - Form: T h i s  specification covers a titanium alloy i n  the form of investment 
castings having four grades of  permissible discontinuities. 

1.2 Application: Primarily for  parts of intr icate  des ign  requiring a 
combination of good strength-to-weight ra t io ,  creep and fatigue properties, 
and corrosion resistance u p  t o  750°F (400°C). 

3.7.3. 
1.3 Quality Grades: Grades A, B, C, and D are defined i n  3.7.1.2, 3.7.2, and 

If grade is not  specified, Grade C o r  bet ter  shall  be supplied. 

2. APPLICABLE DOCUMENTS: 
specification t o  the extent specified herein. The la tes t  issue of Aerospace 
Material Specifications shall apply. 
shall be as specified i n  AMS 2350. 

The following publications form a part of this 

The applicable issue of other documents 

2.1 SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale, 
PA 15096. 

2.1.1 Aerospace Material Specifications: 

AFSS 2350 - Standards and Test Methods 
AMS 2635 - Radiographic Inspection 
AMs 2645 - Fluorescent Penetrant Inspection 
AMS 2694 - Repair Welding of Aerospace Castings 
AMs 2804 - Identification, Castings 

SAETechnical 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 consent of the publisher. 

Copyright 
All rights reserved. 
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2.2 ASTM Publications: Available from American Society for Testing and 
Elaterial s, 1916 Race Street, Philadelphia, PA 19103. 

ASTM E8 
ASTM E18 - Rockwell Hardness and Rockwell Superficial Hardness of 
ASTM E120 - Chemical Analysis of Titanium and Titanium Alloys 
ASTM E384 - Microhardness of Materials 

- Tension Testing of bletallic Materials 
Metallic Materials 

2.3 U.S. Government Publications: Available from Commanding Officer, Naval 
Publications and Forms Center, 5801 Tabor Avenue, Phi7adelphia, PA 19120. 

2.3.1 Military Standards: 

MIL-STD-794 - Parts and Equipment, Procedures for Packaging and Packing o f  
MIL-H-81200 - Heat Treatment o f  Titanium and Titanium Alloys 

3. TECHfiiCAL REQUIREMENTS: 

3.1 Composition: Shall conform to the fol lowing percentages by weight, 
(a determined by wet chemical methods in accordance with PSTM E120 or by 

spectrochemical or other analytical methods approved by purchaser: 

min mâx 

Aluminum 
Vanadium 
Iron 
Oxygen 
Carbon 
Nitrogen 
Hydrogen 
Yttrium 
Residual Elements, each (3.1.1) 
Residual Elements, total (3.1.1) 
Titanium 

5.50 - 6.75 
3.50 - 4.50 -- O .30 -- 0.20 -- o. lo -- 0.05 (500 ppm) -- 0.015 (150 ppm) -- 0.005 ( 50 ppm) -- o. lo  -- 0.40 
rema i nder 

3 . 1 . 1 Determination not required for roütine acceptance. 

3.2 Condition: Annealed. 

3.3 Casting: 

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

3,3.2 Castings shall be poured either from remelted metal from a master heat or 
directly from a master heat. 
qualified as in 3.4. 

In either case, metal for casting shall be 
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3.3.2.1 

3.3.2.2 

3.4 Mas 
e va 
and 

- 

P master heat is refined metal o f  a single furnace charge, multiple 
melted using consumable eletrode practice w i t h  a t  least  the f inal  
melting cycle under vacuum, melted and cast  i n t o  ingo t  o r  p i g  under 
vacuum, or is metal blended as i n  3.3.2.2. Gates, sprues, r isers ,  and 
rejected castings shall  be used only i n  preparation of master heats; 
they shall no t  be remelted directly,  wi thout  refining, f o r  pouring of 
cast i ng s. 

Metal from two or more master heats may be blended provided that  the 
composition of each master heat t o  be blended is w i t h i n  the limits of 
3.1 and that the total  weight of metal blended does not exceed 10,000 
(4500 kg) .  khen two or more master heats are blended, the resultant 
blend shall  be considered a master heat. 

e r  Heat Qualification: 
uation of  chemical analysis and tensi le  specimens conforming t o  3.4.1 
3.4.2, respectively. A master heat may be considered conditionally 

Each master heat shall be qualified by 

Qualified i f  vendor's t e s t  resul ts  show conforn;ance t o  a l l  amlicable  

b 

requirements of this specification. 
confirmatory testing, f inal  qualification shall  be based on purchaser's t e s t  
results. 
as a guarantee o f  acceptance of  castings poured therefrom. 

However, except when pukhaser waives 

Conditional qualification of a master heat shall be not  construed 

3.4.1 Chemical Analysis Specimens: 
forni. 

Shall be of any convenient s ize ,  shape, and  

3.4.2 Tensile Specimens: Shall be cast  from remelted metal from each master 
heat except when castings are poured directly from a master heat the 
specimens shall also be poured direct ly  from the master heat. 
shall be of standard proportions i n  accordance w i t h  ASTh E8 w i t h  0.250 i n .  
(6.25 mni) diameter a t  the reduced parallel gage section. 
be cast  t o  s ize  or shall be cast oversize and subsequently machined t o  
0.250 i n .  (6.25 mm) diameter. 
oxyaen-rich o r  carbon-rich layer, such as alpha case, o r  other surface 
contamination (See 3.6.3). 

Specimens 

Specimens shall  

Tensile specimens shall  be f ree  of 

3.5 Heat Treatment: Castings, integral ly-cast coupons, and separately-cast 
Q tensi le  specimens shall be annealed by heating i n  argon atmosphere or vacuum 

t o  a temperature w i t h i n  the range 1300" - 1550°F (705" - 845OC), holding a t  
the selected temperature w i t h i n  +25"F (t15"C) for 2 - 4 hr, cooling i n  the 
furnace t o  below 1000°F (54O0C),and cooling i n  a i r  t o  room temperature. 
Furnace surveys and calibration of temperature controllers and recorders 
shall be i n  accordance w i t h  MIL-H-81200 o r  a survey and calibration program 
cer t i f ied by the vendor as meeting the intent of MIL-H-81200. 

3.6 Properties: Castings, specimens cut from integral ly-cast coupons, and 
representative tensi le  speciniens produced i n  accordance w i h  3.4.2 shall 
conform t o  the following requirements; conformance t o  the requirements of 
3.6.1.1 shall be used for acceptance of castings except when purchaser 
specifies that  the requirements o f  3.6.1.2 shall apply: 
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3.6.1 Tensile Properties: Shall be as specified i n  3.6.1.1 or 3.6.1.2, 
determined i n  accordance w i t h  ASTk E8 w i t h  the ra te  of s t ra in  niaintained 
a t  0.003 - 0.007 i n . / i n .  per min. (0.003 - 0.007 mm/nim per m i n . )  through 
the yield strength and then increased so as t o  produce fa i lure  i n  
approximately one additional minute. 

l e  performed on a machine having a s t ra in  ra te  pacer, u s i n g  a r a t e  of 
0.005 i n . / i n .  per m i n .  (0.005 mm/mm per m i n . )  through the yield strength 
and a mininiuni cross head speed o f  0.10 i n .  (2.5 wm) per m i n .  above the 
yield strength. 

When a dispute occurs between 
urchaser and vendor over the yield strength values, a referee t e s t  shall  

3.6.1.1 Separately-Cast Specimens or Specimens C u t  From Integral ly-Cast Coupons: 

Tensile Strength, min 130,000 psi (895 NPa) 
Yield Strength a t  0.2% Offset, min 120,000 psi (825 MPa) 
Elongation i n  4D, m i n  6% 

3.6.1.2 Specimens C u t  From Castings: 

3.6.1.2.1 Designated Areas: 

Tensile Strength, min  130,000 psi (895 MPa) 
Yield Strength a t  0.2% Offset, m i n  120,000 psi (825 MPa) 
Elongation i n  4D, min 6% 

3.6.1.2.2 Non-Designated Areas: 

Tensile Strength, m i n  127,000 psi (875 tlPa) 
Yield Strength a t  0.2% Offset, m i n  110,000 psi (760 MPa) 
Elongation i n  4D, m i n  4.5% 

3.6.2 Hardness of Castings: Should be not higher than  39 HRC,  or equivalent, 
Ø determined i n  accordance w i t h  ASTM E18, b u t  the castings shall  no t  be 

rejected on the basis of hardness i f  tensi le  property requirements of 
3.6.1.2 are met. 

3.6.3 Surface Contamination: Castings shall  be f ree  of any oxygen-rich or 
carbon-rich layer, such as alpha case, or other surface contamination, 
determined by microhardness measurements i n  accordance w i t h  ASTM E384 i n  
con junction w i t h  standard metal lographic techniques. 

3.7 Quality: 

3.7.1 Castings, as  received by purchaser, shall  be uniform 
condition, sound, and free from foreign materials and 
detrimental t o  usage of the castings. 

3.7.1.1 Castings shall have smooth surfaces and shall be we 
shot or grit shall  n o t  be used for  final cleaning. 

n quali ty and 
from imperfections 

1 cleaned. Metallic 
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3.7.1.2 Detr imenta l  imper fect ions i nc lude  negat ive sur face condi t ions,  such as 
voids o r  depressions, and subsurface condi t ions,  such as less-dense o r  
more-dense f o r e i g n  mater ia l ,  gas holes, and shrinkage, and s h a l l  be 
c o n t r o l  l e d  as f o l  lows; d e f i n i t i o n s  o f  d i s c o n t i n u i t i e s  referenced here in  
are shown i n  8.2: 

3.7.1.2.1 Permiss ib le  Negative Surface D i s c o n t i n u i t i e s :  Sha l l  be n o t  g rea te r  
than spec i f i ed  i n  Table I f o r  t h e  area wade o f  t h e  cas t i ng  as - 
s p e c i f i e d  on t h e  drawing: 

TABLE I 

Area 
Grade 

A 

B 

C 

D 

Maximum Number 
o f  D i s c o n t i n u i t i e s  

(See 8.1) 

4 d i s c r e t e  d i s c o n t i n u i t i e s  
i n  a 1-in. square 

4 d i s c r e t e  d i s c o n t i n u i t i e s  
i n  a 1-in. square 

One c l u s t e r  i n  a 2-in. 
square 

8 d i s c r e t e  d i s c o n t i n u i t i e s  
i n  a 1-in. square 

One c l u s t e r  i n  a 2-in. 
square 

8 d i s c r e t e  d i s c o n t i n u i t i e s  
i n  a 1-in. square 

Maximum Discre te  
D i  scon t i nu i ty- Length 

Inch  
‘Linear Non I inear  

None 
A l  1 owed 

None 
A l  1 owed 

None 
A l  1 owed 

0.020, 
One max 

0.010 

0.045, 
Two max 

0.015 

0.020 
0.010 

(3.7.1.2.1.2) 

0.030 
0.030 

(3.7.1.2.1.2) 

O. 040 

Maximuni 
C1 u s t e r  
Length 

(3.7.1.2.1.1) 
Inch 

None 
A l  1 owed 

-- 
O. 125 

0.375 

-- 

y- 

. 
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Area 
Grade 

A 

B 

C 

D 

Maximum Number 
o f  D i  scon t i n  u it ies 

(See 8.1) 

4 discrete discontinuities 
i n  a 25-mm square 

4 discrete discontinu i t  <es 
in a 25-mm square 

One cluster i n  a 50-n?m 
square 

8 discrete discont inuitfes 
i n  a 25-mm square 

One cluster i n  a 50-m 
square 

8 d i screte d i scon t i n  u i t ies 
i n  a 25-mm square 

TABLE I (SI) 

Maximum Discrete 
Discontinu i t y  Length 

Mil 1 imetres 
Linear Non1 inear 

None 
Al 1 owed 

Non e 
Al 1 owed 
None 

A7 1 owed 

0.50, 
One max 

O .25 

1.15, 
Two Max 

O .40 

0.50 
0.25 

(3.7.7.2.1.2) 

0.75 
O. 75 

(3.7.1.2.1.2) 

1 .o0 

Maxi mum 
C1 uster 
Length 

(3.7.1.2.1.1) 
Mi 11 imetres 

None 
A l  1 owed 

3.0 

9.5 

-- 
3.7.1.2.1.1 Clusters shall be nonlinear. An area of shrinkage appearing on a 

finished surface may be considered a cluster. 

3.7.1.2.1.2 One discrete nonlinear discontinuity i s  permitted w i t h i n  the cluster. 

3.7.1.2.2 Positive (Raised) Material on Cast Surfaces: Excess material on cast 
surfaces shall be permissible as follows: 

3.7.1.2.2.1 Nodules: Three nodules, 0,020 in. (0.50 mn;) and under in height 
above the parent surface and 0.020 i n .  (0.50 mm) and under in 
length, are permissible i n  a 1 - i n .  (25-mm) square or one nodule, 
0.020 i n .  (0.50 mm) and under i n  height and 0.150 in. (3.75 mm) and 
under i n  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 lines, gates, r isers,  or material due t o  wax welds less than  
0.015 i n .  (0.40 m m )  in height above the parent surface is 
pe rmi ss i b 1 e. 

in height above the parent surface i s  permissible i n  areas t o  be 
finished. 

3.7.1.2.2.3 Areas t o  be Finished: Positive material up  t o  0.060 i n .  (1.50 mm) 

3.7.1.2.3 Negative Depressed Discontinuities on Cast o r  Finished Surfaces: 

3.7.1.2.3.1 Un1 imi ted Discontinuities : 

3.7.1.2.3.1.1 Discontinuities which will be removed by final finishing 
operations are pemissibl e. 
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3.7.1.2.3.1.2 I n  Grade C o r  D areas, u n l i m i t e d  d i s c r e t e  d i s c o n t i n u i t i e s  
0.020 i n .  (0.50 mm) and under i n  l eng th  and separated by a t  l e a s t  
0.100 i n .  (2.50 mm) are permiss ib le  i f  the  subsurface p o r t i o n s  o f  
these d i s c o n t i n u i t i e s  a re  i n  accordance w i t h  l i m i t a t i o n s  spec i f i ed  
i n  3.7.2. 

3.7.1.2.3.2 Other Surface Condit ions: F lowl ines  on a c a s t  surface, which 
i n d i c a t e  t h e  d i r e c t i o n  o f  metal f low,  a re  permiss ib le  i n  accordance 
w i t h  3.7.1.2.3.2.1 through 3.7.1.2.3.2.6. 

3.7.1.2.3.2.1 F lowl ines  s h a l l  have well-rounded contours. 

3.7.1.2.3.2.2 The w i d t h  o f  t he  f l o w l i n e  s h a l l  be equal to ,  o r  g rea te r  than, 
tw ice  t h e  depth o f  t h e  f l o w l i n e  below t h e  parent  surface. 

3.7.1.2.3.2.3 F lowl ines  s h a l l  n o t  be associated w i t h  c o l d  shuts o r  misruns. 

3.7.1 2.3.2.4 

3.7.1.2.3.2.5 

I n  Grade A areas, f l ow l i nes  a re  Permiss ib le  prov ided t h e  f l o w l i n e s  
do n o t  extend below the  parent  surface. 

I n  Grade B, C, and D areas, f l o w l i n e s  0.005 in .  (0.12 mm) and 
under i n  depth below the  parent  sur face are permiss ib le  w i thou t  
l eng th  o r  number r e s t r i c t i o n .  

3.7.1.2.3.2.6 I n  Grade C and D areas, f l o w l i n e s  0.010 i n .  (0.25 mn) and under i n  
depth below t h e  parent  sur face are  permiss ib le  prov ided t h a t  n o t  
more than two such f l o w l i n e s  e x i s t  i n  a 1- in .  ( 2 5 - m )  square and 
t h a t  t h e  f l o w l i n e s  a re  0.250 i n .  (6.25 mm) and under i n  length.  

3.7.2 Castings s h a l l  be produced under rad iograph ic  con t ro l .  This c o n t r o l  s h a l l  
c o n s i s t  o f  rad iographic  examination o f  cas t ings  i n  accordance w i t h  
ANS 2635 u n t i l  proper  foundry technique, which w i l l  produce cas t i ngs  f r e e  
from harmful i n t e r n a l  imper fect ions,  i s  es tab l i shed f o r  each p a r t  number 
and of product ion cas t i ngs  as necessary t o  ensure maintenance o f  
s a t i s f a c t o r y  q u a l i t y  as de f ined i n  Tables II and III. 

3.7.2.1 Shrinkage: Shal l  be i n  accordance w i t h  Table II. Depth o f  such 
shrinkage s h a l l  be as agreed upon by purchaser and vendor. 
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Maximum Minimum 
Number Separation 

Area i n  1-in. (3.7.2.ï.l) 
Grade Square Inch 

A 3 O. 500 

0.200 

B 3 0.200 

o. 120 

C 5 o. 100 

D 7 o. 100 

Maximum 
Number 

Area i n  25-mm 
Grade Square 

A 3 

B 3 

C 5 

D 7 

Minimum 
Separation 
(3.7.2.1. i )  
Millimetres 

12.50 

5.00 

5.00 

3.00 

2.50 

2.50 

TABLE II 

Maximum Shrinkaqe Lenqth, Inch 
Feature Thickness, Inch 

Feature Over 0.250 Over 0.500 
Thickness up t o  t o  t o  Over 

Inch 0.250, inc l  0.500, inc l  0.750, i nc l  0.750 

Up t o  0.500, i nc l  0.050 O. 070 o. 120 O. 150 

Over 0.500 O. 050 O. 070 o. 120 O. 150 

Up t o  0.500, i nc l  o. 120 O. 160 0.200 0.220 

Over 0.500 o. 120 O. 160 o. 200 o. 220 

A 11 O. 190 o. 200 0.220 0.250 

A l l  0.250 0.250 0.270 0.300 

TABLE II (SI) 

Feature 
Thic kness  

Millimetres 

Up t o  12.50, i nc l  

Over 12.50 

Up t o  12.50, i nc l  

Over 12.50 

A l l  

A l l  

Maximum Shrinkaqe Lenqth, Millimetres 
Feature Thickness, Millimetres 

up t o  t o  t o  Over 
6.25 inc l  12.50, i nc l  18.75, i n c l  18.75 

Over 6.25 Over 12.50 

1.25 1.75 3.00 3.75 

1.25 1.75 3.00 3.75 

3.00 4.00 5.00 5.50 

3.00 4.00 5.00 5.50 

4.75 5.00 5.50 6.25 

6.25 6.25 6.75 7.50 
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3.7.2.1.1 D isc re te  areas of shrinkage separated by less  than t h e  amount shown i n  
Table I I  s h a l l  be considered as one d i s c r e t e  d i s c o n t i n u i t y .  

3.7.2.2 Gas Holes and More-Dense o r  Less-Dense Fore ign  Ma te r ia l :  
accordance w i t h  Table I I I .  Depth o f  less-dense f o r e i g n  ma te r ia l  
d i s c o n t i n u i t i e s  s h a l l  be as agreed upon by  purchaser and vendor. 

Sha l l  be i n  

TABLE I I I  

Maximum Number 
Area i n  a 1-in. Min imum Separat ion  
Grade (25-mm) Square (3.7.2.2.1) 

Eviaximum Length 
(3.7.2.2.2) 

A 3 0.250 i n .  (6.25 mm) 1/8 sec t i on  th ickness 

6 6 3 times t h e  l a r g e s t  
dimension o f  t h e  
l a r g e r  d i s c o n t i n u i t y  

1/4 sec t i on  th ickness 
f o r  0.060 i n .  (1.50 mm) 
and under Wal 1; 3/8 
sec t ion  th ickness f o r  
w a l l  over 0.060 in .  
(1.50 mm) 

9 2 times t h e  l a r g e s t  
dimension of t h e  
l a r g e r  d i s c o n t i n u i t y  

12 2 t imes t h e  l a r g e s t  
dimension o f  t h e  
l a r g e r  d i s c o n t i n u i t y  

1/2 sec t i on  th ickness 

1/2 sec t i on  th ickness 

3.7.2.2.1 D iscre te  gas holes and f o r e i g n  m a t e r i a l  d i s c o n t i n u i t i e s  separated b y  
l ess  than t h e  amount shown i n  Table I I I  s h a l l  be considered as one 
d i s c r e t e  d i s c o n t i n u i t y .  

3.7.2.2.2 The maximum d i s c o n t i n u i t y  lengths i n  Table I I I  are  based on t h e  
f e a t u r e  sec t i on  th ickness for which high-low l i m i t  dimensions are  
shown on, or can be determined from, t h e  d e t a i l  drawing. 
d e t a i l  drawing i nd i ca tes  t h a t  a f e a t u r e  w i l l  be f i n i shed ,  b u t  t he  
f i n a l  th ickness cannot be determined f rom t h e  dimensions shown on t h e  
d e t a i l  drawing, t h e  maximum d i s c o n t i n u i t y  leng th  permi t ted  i s  one-hal f  
t h a t  shown i n  Table I I I  w i t h  no change i n  nuniber and separat ion 
requ i  rement s. 

If t h e  

3.7.2.3 Combinations o f  D i f f e r e n t  Types o f  Defects i n  the  Same Area: 
d i s c o n t i n u i t i e s  permi t ted  by Tables I I  and I I I  may e x i s t  i n  t h e  same 
area prov ided t h a t  a l l  requirements o f  3.7.2.1 and 3.7.2.2 a re  met, t h a t  
t h e  t o t a l  number o f  d i s c r e t e  d i s c o n t i n u i t i e s  i s  n o t  g rea ter  than 
permi t ted  by Table I I ,  and t h a t  t h e  minimum spacing between Table I I  and 
Table I I I  defec ts  i s  n o t  l ess  than permi t ted  by Table I I .  

Discre te  
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3,7.2,4 

Area 
Grade 

A 

B 
6 
6 
B 

C & D  
C & D  
C & D  

3,7.2,5 

3.7.2-6 

Background Discontinuities: Size and number of background 
discontinuities shal l  n o t  exceed. and the macina shal l  be no t  less 
than ,  t h a t  indicated by any of the reference c h a k  (Fig .  1 )  specified 
in Table IV. 
upon by purchaser and vendor, 

The d e p t h  o f  background discontinuities shall be as  agreed 

TABLE IV 

Standard 
Chart Number 
(See Fig,  1) 

No Background 
Discontinuities 
Permitted 

Table II 
Discontinu i t  ies 

Pe m i  ss i b 1 e 

Yes 

Table I I I  
D iscon t i n  u i t i es 

Pe mi i ss i b 1 e 

Yes 

Spacing Between 
Table I I ,  
Table I I I ,  

and Bac kground 
Discontinuities 

Yes 
Yes 
Yes 

One discrete 

Yes 
Yes 
Yes 
NO 

None Required 
Per Table II  
None Required 
None Required 

4 
5 
6 

Yes 
Yes 
Yes 

Yes 
Yes 
Yes 

Per Table  I I  
None Required 
Per Table I I  

Other Indications: 
pattern, var ia t ions i n  material density, or ghost 1 ines are permissible 

Indications due t o  grain orientation, diffraction 

i n  a l l  areas. 

Other Discontinuities: 
finishing operations are n o t  restricted. 

Discontinuities which wil l  be removed by final 
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3.7.3 Blendinq: Blending of cast surfaces is permissible as specified i n  
T a b l a n d  3.7.3.1, 3.7.3.2, and 3.7.3.3. 

TABLE V 

Minimum Specified 
Area Feature T h i  c kness 
Grade 1 nch M i  I I imetres 

A and B Up t o  O. 100, excl Up t o  2.50, exc 

Blend Depth Limit 
(3.7.3.1) 

Bel ow Min i m u m  
Spec i f  ied Thickness 

Inch M i  I I imetre 

Not below minimum 
specified thickness 

O. 005 o. 12 6.100 and Over 2.50 and Over 

C and D Up t o  0.100, excl Up t o  2.50, excl 0.010 0.25 
0.100 and Over 2.50 and Over o. O20 0.50 

3.7.3.1 Areas blended below m i n i m u m  specified thickness shall  be n o t  greater 
than 1 sq i n .  (645 mmZ)  i n  area. 

3.7.3.2 Blended areas shall be smooth w i t h  no radius 
except that  an internal blended radius equal 
radius specified on the drawing is permissib 
represented by that  r ad ius .  

less than 1/4 i n .  ( 6  m m )  
t o  the minimum internal 
e on the curved surface 

3.7.3.3 Blended areas shall  be separated by distances equal t o ,  o r  greater than, 
the length of the largest adjacent blended area o r  1 i n .  (25 m m ) ,  
whichever is less. Blended areas separated by less than 1 i n .  (25 m m )  
shall be considered as  one blended area. 

3.7.4 Discontinuities fo r  which specific limits are no t  defined herein, such as 
ho t  tears,  cracks, cold shuts, and misruns, are no t  acceptable. Any type 
of discontinuity appearing on opposite sides of a wall, and  which is 
interconnected, is  no t  acceptable. 

3.7.5 When specified, castings shall be subjected t o  fluorescent penetrant 
inspection i n  accordance w i t h  AMs 2645. Standards for acceptance shall be 
as agreed upon by purchaser and vendor. 

3.7.6 Castings shall not  be repaired by peening, plugging, welding, or other 
methods w i t h o u t  written permission from purchaser. 

3.7.6.1 When permitted i n  w r i t i n g  by purchaser, defects i n  castings may be 
Ø removed and the castings repaired by welding i n  accordance w i t h  AMS 2694. 

 
Distributed under license from the IHS Archive
 
 

                                                                                          

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 am
s4

99
1a

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


-@ Page 12 I AMs 4991A 

4. QUALITY ASSURANCE PROVISIONS: 

4.1 Responsibility fo r  Inspection: The vendor of castings shall supply a l l  
samples for vendor's t e s t s  and shall be responsible for  perfoming a l l  
required tes ts .  Results of such tests shall  be reported t o  the purchaser as 
required by 4.5. Purchaser reserves the right t o  sample and t o  perform any 
confirmatory testing deemed necessary t o  ensure that  the castings conform t o  
the requirements of this specification. 

4.2 Classification of Tests: 

4.2.1 Acceptance Tests: Except as specified i n  4.2.1.1, tests t o  determine 
conforniance t o  a l  1 technical requirements of  this specification are 
classified as acceptance t e s t s  and shall be performed t o  represent each 
master heat or lo t  as applicable. 

4.2.1.1 Tensile properties of  specimens cut from castings shall  be determined 
only when specified by purchaser or when representative separatelj-cast 
specimens or specimens cut from integral ly-cast coupons are no t  
available. 
from integral ly-cast coupons need n o t  be determined when tens i le  
properties o f  specimens cut from castings are determined. 

Tensile properties of separatelj-cast specimens or specimens 

4.2.2 Preproduction Tests: Tests t o  determine conformance t o  a l  1 technical 
requirements o f  this specification are classified as preproduction tests 
and shall be performed prior t o  o r  on the f i r s t - a r t i c l e  shipment of a 
casting t o  a purchaser, when a change i n  material, processing, or both 
requires reapproval as  i n  4.4.2, and when purchaser deems confirmatory 
testing t o  be required. 

4.2.2.1 For direct  U.S. Military procurement, substantiating t e s t  data and, when 
requested, preproduction t e s t  material shall  be submitted t o  the 
cognizant agency as  directed by the procuring act ivi ty ,  contracting 
officer,  or request for procurement. 

4.3 Sampling: Shall be as follows; a l o t  shall  be a l l  castings from one master 
heat poured a t  one time, annealed i n  one furnace load, and presented for  
vendor's inspection a t  one time: 

4.3.1 A t  least  one chemical analysis specimen i n  accordance w i t h  3.4.1 from each 
Ø master heat or a casting from each lo t  except t h a t  for  hydrosen 

determinations one sample from each lo t ,  obtained a f t e r  thermal and 
chemical processing is completed. 

4.3.2 Except when specimens cut from castings are required, three 
Ø separately-cast tensi le  specimens i n  accordance w i t h  3.4.2 representing 

each lo t  or three tensi le  specimens obtained from integral ly-cast coupons 
as i n  4.3.2.1. 

 
Distributed under license from the IHS Archive
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 am
s4

99
1a

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


S A E  AMS*L(’i’ iLA 87  m ô357340 O O L 7 O L O  5 m 

Page 13 AMs 4991A 

4.3.2.1 One i n t e g r a l l y - c a s t  coupon, when s p e c i f i e d  o r  permi t ted  b y  purchaser, 
obtained from each o f  t h r e e  cast ings se lected a t  random from each l o t .  
Coupons s h a l l  be o f  a s i z e  and shape and located on cas t ings  as 
s p e c i f i e d  on t h e  p a r t  drawing or as agreed upon by purchaser and 
vendor. 
reduced p a r a l l e l  gage sec t ion  s h a l l  be machined from each coupon. 

Specimens conforming t o  ASTM E8 w i t h  0.250 in.  (6.25 mm) a t  t h e  

4.3.3 Two preproduct ion cas t ings  i n  accordance w i t h  4.4.1 o f  each p a r t  number. 

4.3.4 One o r  more cas t ings  f rom each l o t  when t e n s i l e  p roper t ies  o f  specimens 
c u t  f rom cas t ings  are  required. Specimens s h a l l  conform t o  ASTM E8 and 
s h a l l  be e i t h e r  0.250 in. (6.25 mm) diameter a t  t h e  reduced p a r a l l e l  gage 
sect ion,  sub-size specimens p r o p o r t i o n a l  t o  t h e  standard, o r  standard 
sheet-type specimens. For determining confomance t o  t h e  requirements o f  
3.6.1.2, i f  specimen l o c a t i o n s  are  n o t  s p e c i f i e d  on t h e  drawing o r  b y  
purchaser, n o t  l e s s  than f o u r  t e n s i l e  specimens, two from t h e  t h i c k e s t  
sec t ion  and two from t h e  t h i n n e s t  sect ion,  s h a l l  be c u t  f rom a cas t ing  o r  
cast ings f rom each l o t .  

4.3.5 For  d e t e m i n i n g  conformance t o  q u a l i t y  requirements, sampling s h a l l  be as 
agreed upon by purchaser and vendor. 

4.4 Approval : 

4.4.1 Sample cas t ings  f rom new o r  reworked master pa t te rns  and the  cas t ing  
procedure s h a l l  be approved by purchaser be fore  cast ings f o r  product ion 
use are supplied, unless such approval be waived by purchaser. 

4.4.2 Vendor s h a l l  es tab l i sh ,  separate ly  f o r  t e n s i l e  specimens used f o r  master 
heat q u a l i f i c a t i o n  and f o r  product ion o f  sample cas t ings  o f  each p a r t  
number, parameters f o r  t h e  process c o n t r o l  f a c t o r s  which w i l l  produce 
t e n s i l e  specimens meeting master heat  q u a l i f i c a t i o n  requirements and 
acceptable cast ings;  these s h a l l  c o n s t i t u t e  t h e  approved c a s t i n g  
procedures and s h a l l  be used f o r  producing subsequent master heat 
q u a l i f i c a t i o n  specimens and product ion castings. I f necessary t o  make any 
change i n  parameters f o r  t h e  process c o n t r o l  fac to rs ,  vendor s h a l l  subrri t  
f o r  reapproval a statement of t h e  proposed changes i n  processing and, when 
requested, t e s t  specimens, sample cast ings,  o r  both. Product ion cas t ings  
incorpora t ing  t h e  rev ised operat ions s h a l l  n o t  be shipped p r i o r  t o  r e c e i p t  
o f  reapproval. 
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4.4.2.1 Control factors fo r  producing tensi le  specimens and castings include, 
b u t  are no t  limited t o ,  the following: 

Size of furnace crucible 
Master heat metal source 
Furnace atmosphere and pressure 
Mold refractory formulation 
Mold back-up material 
Gat i ng practices 
Mold preheat and metal pouring temperatures; var ,ations of - t 2 5 O C  

Soiidif ication and cooling procedures 
Hot isostatic processing (HIP) cycles, i f  used 
Annealing heat treatment cycles 
Cleaning operations 
Weld repair  of castings when permitted by purchaser 
Met hods o f  inspect ion 

t 1 5 O C )  from established limits are permissible 

4 e 4 e 2 , 1 , 1  Any of the above process control factors for which parameters are 
considered proprietary by the vendor may be assigned a code 
designation. Each variation i n  such parameters shall be assigned 
modified code designation. 

4.5 Reports: 

4.5.1 

4.5.2 

The vendor of castincis shall  furnish w i t h  each shipment a report show 
the resul ts  of tests-for chemical composition of a t  least  one casting, or 
of specimens as i n  3.4.1 cast  i n  a mold w i t h  parts, from each master heat 
represented and the results of t e s t s  for tensi le  properties of 
separately-cast specimens, specimens cut from integrally-cast coupons when 
permitted, or of specimens cut from castings representing each lo t  and for 
hardness of castings from each lo t ,  and s t a t i n g  that  the castings conform 
t o  the quali ty requirements o f  t h i s  specification. 
include the purchase order number, master heat number or code symbol, AMs 
4991A, par t  number, and quantity. 

The vendor of finished or semi-finished p a r t  shall  furnish w i t h  each 
shipment a report showing the purchase order number, AMS 4991A, contractor 
or other direct  supplier of castings, pa r t  number, and quantity. When 
castings for  making parts are produced or purchased by the parts vendor, 
that  vendor shall inspect Castings from each master heat represented t o  
determine conformance t o  the requirements of t h i s  specification and shall 
include i n  the report e i ther  a statement that  the castings conform or 
copies of laboratory reports showing the results of t e s t s  t o  determine 
conformance. 

This report shall 
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