AL Aerospace AEROSPACE AMS-12301A
An SAE International Group MATE RIAL — S

SPECIFICATION Reaffrmed  OCT 2006

Noncurrent APR 2007

Superseding AMS-1-23011

Iron-Nickel Alloys for Sealing
to Glasses and Ceramic

RATIONALE

AMS-1-23011A has been designated noncurrent because current requirements for this product are adequately
addressed by the specifications designated below.

NONCURRENT NOTICE

This specification hag been declared “NONCURRENT” by the Aerospace Materials “Division, SAE, ps of April, 2007. It is
recommended, therefpre, that this specification not be specified for new designs.

production or procegsing of existing designs in the future. The Aerospace Materials Divisior|, however, does not

‘“NONCURRENT” ref{rs to those specifications which have previously béen“widely used and which may be required for
recommend these sp

cifications for future use in new designs.
“NONCURRENT” specifications are available from SAE upon request.

Similar but not necesparily identical products are covered.ifthe following specifications. However, this listing is provided
for information only [and does not constitute authority to substitute these specifications for the “NONCURRENT”

specification.
AMS-|-23011
Designation Similar Specification UNS Number
Clgss 1 ASTM F(15, Iron-Nickel-Cobalt Sealing Alloy K94610
Clgss 2 ASTM\E)30, Iron-Nickel Sealing Alloys N14(52
Clgss 3 ASTM F 30, Iron-Nickel Sealing Alloys K94800
Clgss 4 ASTM F 30, Iron-Nickel Sealing Alloys K94600
Clgss 5 ASTM F 30, Iron-Nickel Sealing Alloys K94100
Clgss 6 ASTM F 31, 42% Nickel-6% Chromium-Iron K94760
Clgss. 7. ASTM F 1684, Iron-Nickel and Iron-Nickel-Cobalt Alloys K93603
for L ow Thermal Expansion Applications

SAE Technical Standards 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.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.
Copyright © 2007 SAE International
All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical, photocopying, recording,
or otherwise, without the prior written permission of SAE.
TO PLACE A DOCUMENT ORDER:  Tel: 877-606-7323 (inside USA and Canada)
Tel: 724-776-4970 (outside USA)
Fax: 724-776-0790
Email: CustomerService@sae.org
SAE WEB ADDRESS: http://www.sae.org


https://saenorm.com/api/?name=1184f8dd0912764a65e6794217d4bfcb



https://saenorm.com/api/?name=1184f8dd0912764a65e6794217d4bfcb

oAr
AG‘I’OS,OBCG‘ AEROSPACE 8AE | Ams-1-23011
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Noncurrent APR 2007

Submitted for recognition as an American National Standard Superseding AMS-1-23011

Iron-Nickel Alloys for Sealing
to Glasses and Ceramics

RATIONALE

This document has been reaffirmed to comply with the SAE 5-year Review policy.

NOTICE

This document has been taken directly from U.S. Military Specification MIL-1-23011C, and contains
only minor editorial and format changes required to bring it intoleonformance with the publishing
requirementp of SAE technical standards. The initial release ofthis document is intended to replace
MIL-I1-23011C. Any part numbers established by the original specification remain unchanged.

The original Military Standard was adopted as an SAE‘tandard under the provision$ of the SAE
Technical Sfandards Board (TSB) Rules and Regulations (TSB 001) pertaining to adcelerated
adoption of government specifications and standards. TSB rules provide for (a) the [publication of
portions of unrevised government specifications and standards without consensus vating at the SAE
Committee Ievel, and (b) the use of the existing government specification or standard format.

Under Depaftment of Defense policiésiand procedures, any qualification requirements and

associated qualified products lists are mandatory for DOD contracts. Any requiremgnt relating to
qualified products lists (QPL’s)-has not been adopted by SAE and is not part of this {echnical report.

1. SCOPE:

1.1 Scope:

This specification covers a series of iron-nickel, iron-nickel-cobalt, and iron-nickel-chromium alloys
used for sealing to glasses and ceramics in electronic applications (see 6.1).

1.2 Classification:

The alloys shall be of the following classes, forms, finishes, and conditions, as specified (see 6.2):
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1.2.1 Classes: Classes shall be as follows:

Class 1 Iron-nickel-cobalt alloy (29% Ni, 17% Co, remainder Fe)
Class 2  Iron-nickel-alloy (50.5% Ni, remainder Fe)

Class 3  Iron-nickel-alloy (48% Ni, remainder Fe)

Class 4 Iron-nickel-alloy (46% Ni, remainder Fe)

Class 5 Iron-nickel-alloy (41% Ni, remainder Fe)

Class 6 i = i o NI, 5.5% CT,

Class 7 |lron-nickel alloy (36% Ni, remainder Fe)

1.2.2 Forms: Allpys shall be in the form specified in Table I.

TABLE I. Availability of forms

Class

F

oxme 1 2 3 4 5 6 7
Bar X X X X X — X
Rods X X X X X — X
Ribbon X X —— X X X ——
Strip X X X X X ——— X
Tubing X ——— =4 ——— - ——- ——
Wire X X X X X X X

1.2.3 Finishes: Kinishes shall be as follows:
Hot rolled or forged Cold drawn or rolled
Centerless gfound Belt polished

1.2.4 Condition gnd temper €Condition and temper shall be as follows (see Tables IV and V):

Annealed
1/4"Hard (one quarter hard temper)

1/9 11 aL bhaolfl A4 AY
L7 TTArud (UTIT TIAall TTdrua tC1iiycT )

Hard (full hard temper)
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2. APPLICABLE DOCUMENTS:

The following documents, of the issue in effect on date of invitation for bids or request for proposal,
form a part of this specification to the extent specified herein.

2.1 U.S. Government Publications:

Available frommDODSSP,SUD

, nue,
Philadelphial PA 19111-5094.

-

MIL-C-16178  Corrosion Preventive Compound, Solvent Cutback, Cold-Applicatio
FED-STD-48  Tolerances for Steel and Iron Wrought Products

FED-STD-1%1 Metal; Test Methods

MIL-STD-10p  Sampling Procedures and Tables for Inspection by<Attributes
MIL-STD-16B  Steel Mill Products; Preparation for Shipment and*Storage

2.2 ASTM Publigations:
Available from ASTM, 100 Barr Harbor Drive, West Canshohocken, PA 19428-2959.
ASTM E 8 Methods of Tension Testing of Metallic Material
ASTM E 18| Methods of Test for Rockwell Hardness and Rockwell Superficial Hardness of Metallic

Materials

ASTM E 113 Methods for Estimating the-Average Grain Size of Metals

ASTM E 228 Method of Test for Linear-Thermal Expansion of Rigid Solids with a V|treous Silica

Dilatometer

3. REQUIREMENTS:

3.1 Condition and temper:

Unless othefwise spéecified in the contract or purchase order, rod, ribbon, tubing, and wire shall be
bright annegleds,Strip shall be annealed properly to have deep drawing or spinning properties (see
6.2). al

3.1.1 Drawing and forming: Compounds and lubricants used in drawing and forming operations and
during cold working shall be capable of being completely removed by vapor degreasing.

3.2 Chemical composition:

The chemical composition of the iron-nickel alloys shall be as specified in Table Il (see 4.5.1).
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3.3

3.4

3.5

3.6

3.7

3.8

Linear coeffi

cient of thermal expansion:

The linear coefficient of thermal expansion shall conform to the values for the applicable class as

listed in Tab

le lll (see 4.5.2).

Tensile strength or hardness:

The tensile 4
condition an
of tensile sp
may be subs

Grain size:

The averags
shall be no |
No. 5 (see 4
in thickness,
the short tra

Phase trans
No phase tra
(see 4.5.6),

transformati

Porosity:

When specified in the contraet or order (see 6.2), material shall show no leakage, wh

helium leak

Permissible

trength for the applicable class of materials in the finished formand in t
[ temper shall conform to Table IV (see 4.5.3). If the size of product préy
bcimens as defined by ASTM E 8, conformance to hardness requiremer
tituted.

grain size of annealed strip materials to be used for deep drawing or sp
hrger than No. 5 and no more than 10 percent of the)individual grains ma
5.5). However, for material of Classes 2 to 6,.inclusive, which are less
the grain size shall be such that there are no‘ess than 9 grains across
Nsverse direction.

ormation:
insformation shall occur in the fihished forms of the Class 1 alloy from 1

bxcept that material having a.thickness or diameter exceeding 0.75 inch,
bn may be tolerated if it does not exceed 1 percent of the cross section.

Hetector (see4.5.7).

variations in dimensions:

e specified
ents the cutting
ts of Table V

nning purposes
y be larger than
than 0.005 inch
the thickness in

100°C to -80°C
some localized

en tested with a

The permiss

various form

s of material (see 4.4.1).

ble variations in dimensions shall be as shown in applicable paragraph and table for the

3.8.1 Bars, rods, and wire diameter, thickness, or width: Bars, rods, and wire, measured on their
diameters or between parallel faces, shall not vary at any point from the specified dimensions by

more than

the amounts shown in Tables VI, VII, VIII, and IX.

3.8.1.1 Straightness: The permissible variation in straightness of rods and bars as determined by the
departure from true straightness (thrown in one revolution for rods or depth of chord for bars)
shall be as specified in Table X.

3.8.2 Ribbon width: The permissible variation in width of ribbon shall be as specified in Table XI.
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Chemical compositions

TABLE II.
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TABLE Ill. Linear coefficients of thermal expansions
Linear coefficient of thermal expansion
Temperature cm, per cm. per °C x 10 ~
range - °C Class
2 3 4 5
30-100 —— —— —~—— -—
30-200 — ——— - ——
30-300 —— ——— — 4,0-4,7
30-350 —— — 7.1-7.8 — 8.
30-400 — 8.2-9.2 — —
30-425 ——— — —— —— 9,
30"‘4 50 9 . 6"‘10 . 1 ———— o 6 . 7-7 . 4
30-500 ——— — 8.2-8.9 —-—
30"550 100 2"‘10n7 94 6"'101 3 —— —_——
TABLE IV. Tensile strength(1,000 psi)
Condition All classes
Annealed 85 max.
1/4 Hard 90 to 115
1/2 Harxd 105 to 125
Hard 120 min.
TABLE V. Hardness, Rockwell B
Class
Cgndition
1 2’3,4’5’7
Annealed 85 max. 1/ 70 max. 1/ 70 max. 3
1/4cHard 90 to 93 78 to 83 78 to 83
1/ 94 to—96 84 to 88 84 to 88

1/ Hardness for deep drawing strip material less than 0.100 inch shall be
Rockwell B82 maximum and Rockwell B85 maximum for material over 0.100

inch.

2/ The maximum hardness for deep drawing strip material shall be Rockwell

B90.
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3.8.2.1 Ribbon thickness: The permissible variation in thickness of ribbon shall be the same as those
applicable to wire in Table VI.

3.8.3 Strip dimensions: The strip dimensions and allowable variation shall conform to Tables XIlI, XIlII,

and XIV.

3.8.3.1 Thickness: Permissible variation in thickness of cold rolled strip shall be as specified in Table XII.

3.8.3.2 Strip cro

variation
and Tab

lvn tolerance: Permissible variation in crown tolerance, which is a permi
at the middle of the strip to the permissible variation at the edge as'spe
e Xl, shall be as specified in Table XIII.

3.8.3.3 Strip width: Permissible variation in width of cold rolled slit edge strip shall be as

Table XI

V. The dimensions for strip, other than slit edge, shall be as negotiated

vendor and procuring activity, and permissible variations in width shall be as spe

FED-ST

D-48 for low alloy steel strip.

3.8.4 Tubing dimensions: Permissible variation in dimensions of cold drawn tubing, eithg

3.9

or welded,

Identification:

shall be as specified in Table XV.

Material shall be furnished in lots which shalbbe identified by this specification numb
number, finigh, manufacturer’s alloy designation, name or symbol of supplier, melt n

3.10 Workmansh

P:

All forms shall have uniform surface finishes. The surfaces shall be commercially sn
scale, corrogion, cracks, scratches, seams, laps or folds, slivers and other injurious

would impai

its serviceability for the use intended.

4. QUALITY AS$SURANCE PROVISIONS:

4.1

Responsibili

5sible additive
cified in 3.8.3.1

specified in
between the
cified in

r as seamless

er, class
IUmber and size.

hooth, free from
lefects which

ly-for inspection:

Unless otherwise specified in the contract or purchase order, the supplier is responsible for the
performance of all inspection requirements as specified herein. Except as otherwise specified, in the
contract or order, the supplier may use his own or any other facilities suitable for the performance of
the inspection requirements specified herein, unless disapproved by 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.
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TABLE VI. Permissible variation in diameter of cold drawn wire and rods

Specified diameter, Permissible variation
inch plus or minus, inch

Undexr 0.008 0.00025

Over 0,008 to 0.015, inel. 0.0003

Over 0,015 to 0.020, incl. 0.0004

Ooyer— 07,020 to 07030, 1incl: 0.0005

Over 0.030 to 0.040, incl. 0.0006

Oyer 0.040 to 0.060, incl. 0.0007

Oyer 0.060 to 0.080, incl. 0.0008

Over 0.080 to 0.125, inel. 0.00L

Over 0.125 to 0.156, incl. 0.0015

Over 0,156 to 0.188, incl. 0,002

Oyer 0,188 to 0.250, incl. 0.005

Over 0.250 to 0.500, incl. 0.010

Over 0.500 to 1.000, incl. 0.020

TABLE|VII. Permissible variation in distance between parallel surfaces of cold drawn bars
Specified dim7n310n, Permissible variation under
inech L specified dimension| inch

0{0043 and under 0.0002

0{0044 to 0.0079, inci., 0.00025

0{008 to .0149, incl- 0.0003

00150 to 0.0199,«4incl. 0.0004

0{020 to 0,031, (inel, * 0.0005

04032 to 0.045; 4incl. 0.0006

04046 to 0.079, incl. 0.0007

04080 to 051875, incl. 0.001

0{1876 to-0.406, incl. 0.002

Oyer 0,406 0.002

squares

-10 -
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TABLE VIII. Permissible variation in diameter of hot rolled rods

Permissible variation from
Specified diameter, - specified diameter plus
inch or minus, inch
0.250 to 0.750, incl. 0.010
Over 0.750 to 1.250, incl. 0.015
Over 1.250 to 3.500, incl. : 0.025

TABLE IX. Permissible variation in diameter of centerless ground rods

bpecified diameter, Permissible variation,
inch inch

Plus Minus
D.835 and under 0..000 0.002
D.836 to 1.125, incl. 0.002 0.002
.126 to 1.750, incl. 0.0025 0.0025
|.751 to 2.000, incl. 0.004 0.004
p.001 to 3.000, incl. 0.005 0.005

TABLE X. Permissible‘variation in straightness of rods and bars

Sperified diameter or .distance Permissible variation in
between parallf} surfaces, given lengths,
inch = inch
Rods - cold drawn: Throw in one revolution:
0 500 and ander 0.003 in 18 inches of length
Oyer 0.500) to 1.000, inecl. 0.005 in 42 inches of length
Rods —iliot rolled: | Throw in one revolution:
AFl sizes 0.150 in 36 inches .of length
Bars - cold drawn: Depth of chord:
All sizes £/ 0.150 in 36 inches of length

Dimensions apply to the diameter of rods, distance between parallel flats
for hexagons and squares, and separately to width and thickness of
rectangles.

Bars are available with square, rectangular, and hexangular Cross-—
sectional areas.

11 -
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TABLE Xl. Permissible variation in width of ribbon or flattened round wire

Specified width,

Permissible variation in

inch width, plus or minus, inch
0.0156 and under 0.0015
0.0157 to 0.0468, incl. 0.002
0.0469 to 0.0781, incl. 0.0025
0.0782 to 0.1875, incl. 0.003
Over 0.1875 0.005

TABLE XIl. Permissible variation in thickness of cold rolled,strip 1/

Permissible variation in, thickness, pl
or minus, for given width, inch

Ove
12 to 16

Specii' ied thickness N Over Over
inch Less than 3tob 6 to 12
3 inches inches inches inches
Underx (0,006 0.0005 0.0005 - -
0.006|to 0.009, incl. 0.00075 0.00075 —— ——
0.009]1 to 0.010, incl. 0.001 0.001 0.001 0.001
0.0101 to 0.011, inecl. 0.001 0.001 0.001 0.0015
0.012|to 0.016, incl. 0.001 0.001 0.0015 0.0015
\ 0.017|to 0.019, incl. 0.001 0.001 0.0015 0.002
0.020(to 0.025, incl. 0.001 0.0015 0.002 0.002
0.026(to 0.028, incl. 0.0015 0.0015 0.002 0.002
0.029|to 0.034, incl. 0.0015 0.002 0.0025 0.0025
0.035(to 0.049, incl. 0.002 0.0025 0.003 0.003
0.050| to 0.068, incl. 0.002 0.003 0.003 0.003
0.069| to 0.099, incl. 0.002 0.003 0.003 0.004
0.100|{ to 0.160,«incl,. 0.002 0.003 0.004 0.004
1/ Meashrements shall be made at least 3/8 inch from the edge of strips
over|l inch wide.

12 -
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TABLE XIll. Permissible crown in cold rolled strip

Permissible additional thickness at middle of
strip over that provided for in Table XI for
edge measurements, for given widths, inch
Over Over
Specified thickness, To 5 to.12 12 to 24
inch ' 5 inches inches inches
[ incl. incl. incl.
0.010 and under 0.00075 -0.001 0.00[L5
Over 0./010 to 0.025, incl. 0.001 0.0015 0.00R
Over 0./025 to 0.065, incl. 0.0015 0.002 0.00R25
Over 0.[065 to 0.188, incl. . 0.002 0.0025 0.003
TABLE XIV. Permissible variation in width af-cold rolled strip
Permissible wyaria-
Specifipd thickness, Specified widthj tion in width, plus
inch inches or minus, jnch
Under 0,125 Over 0.750 to 5, incl. 0.005
0.125 tp 0.188, incl. Over 5 to(26, incl. 0.010
TABLH XV. Permissible variation.in dimensions of seamless or welded cold-drawn tubing
Permissible variation
Qutside Inside Walll
. diameter, - diameter, thickness
fiied tsid ’ X ’ ’
Sgiziet:r,o:nih 8 inch - inch pecmEt
Plus Minus Plus Minus Plus or| Minus
Less than-and
excluding 3/32 0002 0,000 0,000 -1 0,002 10
3/32 to 3/16, excl. | 0.003 0.000 0.000 0.003 10
3/16 to 1/2, excl. 0.004 0.000 0.000 0.004 | 10
1/2 to 1-1/2, excl. 0.005 0.000 |  0.000 0.005 10

4.2 Lot:

Unless otherwise specified in the contract or purchase order (see 6.2), a lot shall consist of material

of the same class, of one form, of the same cross-sectional area, condition, temper, and finish
produced under the same conditions and submitted for delivery at one time.

-13-
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4.3 Sampling:

4.3.1 Chemical test:

4311

43.1.2

4.3.2

43.2.1

4.3.2.2

4.3.3

4.3.4

4.3.5

4.3.6

Ingot sampling: At least one sample shall be taken from each group of ingots of the same alloy
poured simultaneously from the same source of molten metal by the supplier for the test of 4.5.1.
Complete ingot analysis record shall be available to the procuring activity.

Finished
individua
sample f
taken frg

Linear the

Ingot sampling: At least one sample from 6 to 10 inches in length and over 1/4 in

shall be
simultan
sample {

tests maly be taken from the same sample as the specimens for chemical analys

dimensid

Finished
and rods
4.3.2.1,

specime

Tensile tes
random frg
each lengt

Hardness
random frg
each lengt

product sampiing When sampiing fias not been made i accordance

| lengths shall be selected at random from each lot of material to provid
pr the test of 4.5.1. If the lot consists of less than 4 lengths, a sample p
m each length.

mal expansion test:

pously from the same source of molten metal bhydhe supplier for test of 4
hall then be worked down to small rounds fer.testing. Specimens for the

ns permit.

product sampling: Finished products need not be sampled unless in thg
over 1/4 inch in diameter. When sampling has not been made in accor,
h sample over 6 inches in length shall be selected at random from each
h for the test of 4.5.2.

t: A total of three specimens shall be taken from three individual lengths
m each lot. If thellot consists of less than three lengths, a specimen shg
h (see 4.5.3).

est: A total of three specimens shall be taken from three individual leng
m each-lot. If the lot consists of less than three lengths, a specimen sha
h (seé4.5.4).

th 4.3.1.1, four
b a composite
ece shall be

ch in diameter

aken from each group or prepared from each group of ingots of the sanpe alloy poured

}.5.2. The
rmal expansion
s when

form of bars
dance with
ot to provide a

, selected at
Il be taken from

hs selected at
Il be taken from

Grain size: Sampling shall be performed only on sheet and strip materials to be used for deep
drawing purposes. A total of three specimens shall be taken from three individual lengths selected
at random from each lot. If the lot consists of less than three lengths, a specimen shall be taken

from each

length (see 4.5.5).

Phase transformation test: Unless otherwise specified, one specimen 1/2 inch in length shall be
taken from one individual length selected at random from each lot. The specimen shall be taken
only from materials whose minimum cross-sectional dimension is less than 7/8 inch. The
specimen shall include the entire cross-sectional area of the material if possible (see 4.5.6.).

-14 -
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4.3.7 Porosity: When specified, one specimen shall be taken from one individual length selected at
random from each lot. The specimen shall be taken only from material which can provide the
dimensional requirements specified for a porosity test specimen in Figure 1 (see 4.5.7).

4.3.8

Visual and dimensional: A random sample shall be selected from each lot in accordance with
MIL-STD-105, Inspection Level Il, Acceptable Quality Level 2.5 percent defective for bars, rods,
tubing and flat strip and an Acceptable Quality Level of 2.5 percent defects per 100 feet of coiled

strip, robb
length of s
the lot. Th

4.4 Examination

441

4.4.2

Visual and
visually ins
conforman

Preparatio
identificati
requireme

4.5 Tests:

451

45.2

Chemical
4.3.1.1o0r
determine
conform ta
Table I, th

Linear the

1T, and wire. The sampie footage of atfoy materiat shait consistof appr
trips taken from the outer end of each coil or spool of wire, ribbon, and‘s
e total sample shall consist of a minimum of 50 feet from each lot:

S:

dimensional examination: Finished material selected ifi.accordance wit
pected to determine compliance with 3.10 and dimensionally examined
ce to dimensional requirements of 3.8.

h for delivery: The entire lot shall be visually-éxamined to assure compli
bn requirements of 3.9 and the preservation, packaging, packing, and m
nts of Section 5.

hnalysis: Specimens shall belprepared from the samples selected in acg
1.3.1.2 and tested in accergdance with Method 111 or Method 112 of FEL
conformance to the chemical requirements of Table II. If the ingot samp
Table 1l, the ingot shall be rejected. If the finished product sample fails
e lot shall be rejected.

ximately equal
heared strip in

h 4.3.8 shall be
to determine

ance with the
arking

ordance with
-STD-151to
le fails to

to conform to

mal expansion: The sample selected as specified in 4.3.2.1 or the bar gand rod finished

product sample selected as specified in 4.3.2.2 shall be used to determine conformance of the

material to
performed

analysis, t

3.3. Dilatometric determination of the linear coefficient of thermal expahsion shall be
in agcordance with the procedure described in ASTM E 228. Prior to the dilatometric
heSpecimen shall be heat treated as specified in 4.5.2.1. The linear thermal coefficient

of expansion shall be determined from the cooling curve after heating the specimen 25° to 50°C
above the highest temperature specified for the thermal expansion of the alloy class in Table Il in
the dilatometer.

4.5.2.1 Heat treatment of specimens: Prior to test, specimens for the thermal linear coefficient of
expansion test (see 4.5.2) and phase transformation test (see 4.5.6) shall be heat treated in a
furnace atmosphere of hydrogen as follows: Heat Class 1 alloy specimens for 1 hour at 900°C,
raise temperature to 1100°C and soak specimens for 15 minutes. Between the 900°C and the
1100°C heat-treatment periods, the specimens may be cooled to room temperature. Heat soak
Classes 2 through 5 and Class 7 specimens for 1 hour at 900°C, and Class 6 specimens for 15
minutes at 1100°C. At the end of the soak period, furnace cool to 175°C or less, preferably room
temperature, at a cooling rate not to exceed 5°C per minute before removal from the oven.
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453

45.4

455

45.6

457

4.6

Tensile test: The samples selected in accordance with 4.3.3 shall be tested in accordance with
ASTM E 8 to assure compliance with the condition or temper specified in 3.4 and Table IV.

Hardness test: The samples selected in accordance with 4.3.4 shall be tested in accordance with
ASTM E 18 to assure compliance with the condition or temper specified in Table V.

Grain size: The specimens selected in accordance with 4.3.5 shall be polished, etched, and
examined at 100 magnifications on a metallograph to assure compliance with the requirements of

3.5. Dete
specified d
grains per

Phase trar
phase tran
4521. W
hydrochlon
from 20 to
excess of
magnificat
etched sur

Porosity te
accordanc
sufficiently]

fMations of grain siZze shaftbe performed i accordance With ASTME
rain size No. 5 represents grains having diameters between 0.060 to.0!
a square inch of image at 100 magnifications.

sformation test: The specimen selected in accordance with 4.376 shall k
sformation or the presence of the alpha phase as follows: {Heat treat ag
hen cool, polish and etch in an etchant, consisting of three parts of con
¢ acid and one part of concentrated nitric acid saturated with cupric chl
60 minutes prior to etching. Soak the etched specimen at -80°C, prody
Jry ice in alcohol, for a minimum of 4 hours. Examine microscopically a
ons over the entire surface. The presence ©fian acicular structure at ar
face shall be cause for rejection as specified’in 3.6.

st: When required, the specimen selected as specified in 4.3.7 and mag
e with Figure 1, shall be subjected\to the porosity test using a helium lez
sensitive to detect a leak of 1x20™° cc per second at 20°C and one atm

pressure

a deflection of at least 5 petcent of full scale. Prior to performing the a

specimen ghall be chemically prepared and metallurgically conditioned. Chemical
The machined specimen shall be degreased in a solvent, such as acetone, pickleg
solution of|1 to 1 inhibited hydeachloric acid, rinsed and dried at a temperature from
Metallurgig¢al conditioning: -The chemically prepared specimens hall be decarburiz
at 1100°Cjifor 30 minutes and subsequently furnace cooled to 200°C or room temp
cooling rate not to exeeed 5°C per minute. The furnace atmosphere during decarl
cooling shall have acontrolled hydrogen atmosphere at a dew point from 20° to 3(
porosity teft shallbe performed upon the decarburized specimen, mounted as illus
Figure 2, ypon-thé specimen containing fixture. After the decarburizing treatment,

12. The
D64 mm or 16

e examined for
specified in
centrated

bride, prepared
ced by an

150

y point on the

hined in
1k detector
bsphere
ctual test, the
preparation:

in an aqueous
105° to 110°C.
ed in a furnace
erature at a
urization and
°C. The
trated in
specimens

should only ‘he'handled with tweezers, clean plastic gloves or finger cots. The tub

ilation of the

specimen containing fixture shall be connected to the inlet of a fixed focus mass spectrometer.
The fixture shall then be evacuated and the entire surface of the test specimen probed with a
helium jet in accordance with Method 441 of FED-STD-151. When leakage is detected, the
procedure shall be repeated by first squirting or painting alcohol all around the specimen-to-
neoprene seal and then probing with the helium jet to prove that the leakage is through the

specimen and not at the seal.
Rejection criteria:

Failure of any specimen to conform to this specification, shall be cause for rejection
represented.

of the lot
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Specimen dimensions, inch

A B C D E
1/2 to-1 0.090 + 0.005 0,250 .031 to .031 R
1o 2 0.125 + 0,005 0.250 .047 Max.

FIGURE 1. Porosity test specimen
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