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SPECIFICATICHS

1. The follewing documents, -the
effect on the date of iss
made a part of this Spcc

- SPECIFICATIONS FOR TEST GEARS

latest versions of which are in
ance of this Solicitatior sh:s.) be
ification and are incorporated herein

by reference and made a part hereof:

Specification

a. Federal Test Method
Stanéard No. 151

b. MIL-I-6868
c. AMS 2251
d. AMS 2300
e. ASTM-EL5-63
f. MIL-S-60%0
g. MIL-1-(875
h 1I7-5-7393
1. MIL-5-7L73
d. MIL-S-06on
K. AMGL200

1. AMEL2(5 ¢

(1). score

Description

Test Mcthods.

Magnetic Particle Inspection
Alloy Steel Bars

Inspection

Inspection

Procecs Fér Steel

Process licat Ireating

- Steol Kek 3310

Steel AE 020
Steel SAR BC20
Stoeld GAE 9310

Steed SAL 9310 VAR

(2). This specification covers the requirements of SAE 9310 steel bars,

forgings and forging

Arc remelt process.

stock made by the consumable electrode vacuun

(b). This steel is for use in the manufacture of eritical carburized parts
requiring uniformly high hardenubili:y, core strength and cleanliness.
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(2) . REZFERENCES
The folloving refersnces shall form a part of this specification;

(a). Yederal Test Method Btaﬂdard Fo, 151, Metals, Test Methods.

) (b). MIL-I-6868. TInspection Process, Magnetic Particle
(). AMS 2251, Tolerances, Alloy Steal Bars

(d). AMS 2300. Premi{um Aireraft Quality Steel Cleanliness, Magnetic
_ . Particle Inspection Procedure

" (8). ASTM-E45-63, Detsrmination of Inclusion Content of Steel
(3). rorM
Bar, forgings and forging stock.
(4) . CONDITION

(2). Material shall be tarnished hot rolled or forged and 4n the norcmalized

condition. The materfal shall have a hardness of not more than BEN264

(Rockwell c-27).

. . B / : _
(b). Material shall be furnished {n efther the pickled or blast cleaned
condition. :

(5). TOLERANCE

Tolerances shall conform to the requirements of AMS 2251,
(6). REQUIREMENTS
(s). Magufacturing Process

The lto;l shall be omultiple melted using the vacuun consumable elec-
trode process during the remelt cycls.,

(®»). -Enkamu

Steel shall be uniform and clean, sound, smooth, and free of pipes,
‘bursts, porosity, foreign materisls, carbide or other segregation,

banding fngot pattarn, alloy depletion and from {nternsl and external

defects detrimental to fabrication or performance of the parts,

(e). Chamical Composition .

The chemical eomposition shall be ag follows:
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: Analysis Check Analysis
!!cnagt S 4 Under Mia. Over Max, _
Carbon 0.07-0.13 . 0.01 0.01
Manganese 0.40-0.70. ) 0.03 0.03
. . 841licon 0.20-0,35 _ 0.02 0.02
N Thosphorus 0.010 max, cocs 0.005
Sulphor 0.010 max. cocs 0.005
c&erﬂ 1.00‘1.‘0 . 0.05 . 0.05
Nickel 3.00-3.5%0 0.07 i 0.07
Molybdeaum 0.08-0.18 0.01 0.01
Copper 0.35 max. oo T 0.02
(d). Bardenability

(o).

n.

(®.

The hardenability shall be J40-1 maximum and J32-8 minimum.
GI.“ s‘l. .

The graln si{ze shall ba predominantly 5 or finer, with occasional
grains as largs as 3 permissibdla,

Magnetic Inspection

Not more than &4 rateable (1/64-i{ncl. minimum length) {nd{cations and
-0t more than 1/8 {nch aggregate length of all rateable {ndications
shall be allowed per Specinen as prepared par AMS 2300. :

Micro-i{nclusi{ion Test

When rated per Method D of ASTM B45-63, the worst fiasld ratings shall
not exceed the following: :

A 3 ¢ D
hkr ] T B T B T H

1.5 0 1.5 | 0 1.5 0 2.0 [1.0

A rateable field {s defined as one vhich has Iype A, B, C or D {nclu-

(h)

(1

sion ratings of at least 1.0.
Macroscople Cleanlliness
Macroscoplic cleanliness shall conform to Section (6),(b) "Workmanship".

Parts shall be case carburlzed according to Part I|. After finlish
machlnlng Inspection and marking, corrosion protect disks with black
oxide per AMS 2485, :

(N Qm.l TY AsSURANCE

emical Composition

l. Sampling - A complete chemical analysis shall be performed on materisl

representing each vacuum arc remelt {ngot of steel.

2. Test Method - Federal Test Method Standard 151, Methol 111 or 112.




RFP 3-548642

Page 4 of 17

- (d). Bardenability

Sacpling - Bardenability tests shall be performed om vacuum arc
Tenelt material representing the f{rst, m{ddle and last {ngot of
sach air melt heat.

Test Mathod - Federal Test Method Standard 151, Msthod 711.

(¢). Grain Size

. 1.

- T 2.

Sampling - Grain size tests shall be performed on vacuum are
Temslt materisl representing the first, middle add last ingot of
each air melt heat. '

Test Method - Federal Test Method Standard 151, Method 311.

(d). Magnetic Inspection

1.

2.

(e). Micro-Inclusion

Sampling - Magnetic 1nlp|c§£on shall be performed on vacuum arc
rexelt material representing the top and bottom of the first,
mi{ddle and last {ngot of sach air melt heat.

Test Method - Prapars speci{mens per AMS 2300 and Inspect per
MIL-1-6868.

1.

2.

Sampling - Micro-inclusion tests shall be performed on caterial
repreassnting the top and bottom of each vacuum arc remelt ingot.

Test Method « ASTM R45-61,

(f). Macroscopic Cleanliness

1.

Sampling - Macroscopic cleanliness tests shall be performed on
waterial representing the top and bottom of the first, widdle
and last billet of each vacuum arc remelt {ngot.

Test Method - Grind or belt sand 1/2 {nch thick slabs on one face
to a finish of 63 wicro {nches maximum, Deeap aci{d etch the

slabs by {mmersing in 1 to 1 hydrochloric aci{d - water solution
at 150° to 170°F for one hour. Support the specimens {n the
etchant so that the finish face i3 uniformly etched, 1Inspect per
FParagraph (6),(b) - "Workmanship",

~ (8). IDENTIFICATION

Ind{vidual pieces or bundles shall have a metal tag attached stamped with
the purchase order number, manufacturer's identif{cation or trademark,

material specification and SAZ alloy number and nominal size, or shall be

boxed and the box marked vith the same {nformatiom. In addit{on to the
above, all bar and forging stock shall have the heat number stacped on one
end. In the event that forgings are supplied, they shall be {dentified as
shown on the applicable draving.
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(9). REECTION L - g
All material procured to this gbccificu:ion s subject to final inspection
upon receipt and prior to acceptance by the Goverament, Material not

moeting all the requirements of this specification shall be rejected and
returned to the vendor,

(10). REPORTS |
The material supplier shall furnish with each shipment 3 copiles of a
notarized report of the results of tests for chemical cozposition,
nagnetic particle inspection rating and {nclusion rating, desp acid etch,
and hardenability of each hseat {n the shipwent, This report shall include:
(i). Purchase Order numbar |
(d). Heat number
(c). Material Specification number
(d). Size |
(e). Quantity from heat -
(tit If—forgingn are supplied;
J. Part number
2. Size of stock used to make forgings

(11) . PREPARATION FOR DEZLIVERY

(a). Prnaervitioﬁ

All products furnished to this specification shall bae pro:eéted using
standard commercial practices to assurs that the material does not
corrode during shipmant.

(b). Packing

Packaging of bars or forging stock shall not be required provided the
product i{s protected against corrosion and mechan{cal dacage during
shipaent. : :
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Q).

2).

3.

PART IX

score

(a). This specification covers the requirements for gas carburizing and
hardening alloy steel parts used.

{b). This spec{fication {s spplicable to the gas carburi{zing of the follov-
{ng steels:

SAZ 9310 SAE 4620

SAZ 3310 SAY 8620
REFEZRERCES
(). Faderal Test Method Metals; Test Methods
Standard No, 151
(b) . MIL-S-6090 Process for steels used {n afreraft carburi-
zging and n{triding C
(e). MIL-B-687S Procegs for heat treatment of aircrafe steels
(d). MIL-5-7393 Steel Alloy, carburizing, bars, nickel
: chromium (SAE 3310) _
(e). MIL-S-7493 Steel bars, alloy, carburizing, afrcraft
' qualicy (SAE 4620)
(£). MIL-S-8690 Steel bars, chrome, mickel-molybdenun,
. aircraft quality (SAEZ B620) :
(g). AMS 6260 Steel, bar (SAZ 9310)
th). AMS 6265C Consumabdle electrode vacuum are remelted
AMS-6260 stee” (SAE 9310)
EQUIPMENT

(2) . Furnace shall be for the gas carburizing of steel parts, The maximum
temperature variation within the working zone of the furnace shall oot

exceed ¢ 25°F of the control setting. All furnaces shall have means
for eirculating the carburizing stmosphere.

(b). A furnace temperature uniformity survey shall be conducted on new
furnaces before placing in operation and at least sec{annually there-
after., Additi{onal temperature un{formity surveys shall be {n accordance
with MIL-HE-6875.

(e) . Pyrometers shall be automatic controlling and recording, of the poten-
tiometer type. Thermocouples shall extend into the working zone of
the furnace and be protected by tubes from contamination by the furnace
atmosphere,
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().

(o).

(n.

(p).

The accuracy of all teaperature recording sod controlling iamstrument,
stall be checked at least ons every veek by & comparison test with 4 _
standardized potenticester-type {nstrument of known accuracy and a
calibrated standard thermocouple. The test thermocouple shall be
located not more than 3 {nches frou the furnace thereocouple and the
furnace shall have a productioen charge {n the chamber,

Quenching tanks and presses shall be of sufficlent capacity with
eirculation to handle the production charges being quenched, Tempers-
ture control of the 04l quench medium shall bs provided to maintain
the temperaturs of the oil within the range of 75° to 140°F,

The sub-tero chamber shall be of the dry Eype, cnpnbl; of maintaining
temperatores within the range of -100°F to -120°F.

Jigs, fixtures and handling equi{pment shall be provided during heating
and quenching. The parts shall be racked {n such a vay that circula-
tion of the carbur{ring stwmosphers (s ohtained around all surfaces to
be carbur{zed. Where {nterzashing of gear teeth is possible, parcts

‘shall be vrapped with one turn of iron wire on the 0.D.

(4) . PROCESS CONTROL

(a).
®).
(e).

Surfaces that are not to be cese hardensd shall be protected by the
application of copper plating or by leaving thess surfaces oversize
prior to carburizing.

Parts to be carburized shall be clean and free of forei{gn catertal.

Test samples as shovwn {n Pigure 1, or sections of representative

scrap gears shall be {ncluded in each carburizing load of gears. A
eylindrical bar vith approximately the saze dimensions vithout the
notch, may be used as test samples for carbur{zing loads not iavolving
gears.

At least three samples shall be uniformly distributed throughout each
carburizing load so that they are representative of var{ous zones
vithin the furnace chacbers, The samples shall be of the same grade
of material as the parts thay represent, These test samples shall be
permansntly ident{fied with a carburizing lot pumber, heat treat 1ot
nomber and the position {n the ecarburizing furnace.
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FIGURE 1 - CARBURIZIRG TEST SAMPLEY FOR GEARS

NOTE: A1l dimensions are lpproximaio_and nay be var{ed to simulate actual
gear testh being carburized. :

(4).

(o).

0.

(g).

(h).

All caiburi:ing loads and subsequent heat ﬁroating-loadn shall be given
an {dentifying number or letter code designation. All test samples
shall be stamped with this {dentifying desi{gnation.

The parts shall ba charged {nto the furnace and heated i{n a carburizing
atmosphere within the temperature range of 1600° to 1700°F. The time
of the carburizing cycle shall be such as to yleld the specified
effective case depth plus machining allowance., The carbon potential

of the atmosphers shall be controlled to give a carbon content {g
the outer layer of the case {in the range of 0.75% to 0,857 carbon.

When necessary to control the carbon concentration gradient, the car-
burizing cycle shall {nclude a period of diffusion during the last of
the cycle, ' .

After carburizing, the parts shall be transferred to a separate cooling
chaober. The {nitial cooling rate should be rapid enmough to preclude
the formation of axcess carbides and the final cooling rate should be
slov enough to prevent the formation of structures with high residusl
stress patterns, . : i

After cooling to room temperature, the parts shall be copper plated
all over and heated to a tewperature within the range of 1100°F to
1250°F for a minimum time of two (2) hours.
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(1).

n.

).

(1).

After cooling to room tewperature, the parts may be austeniticzed and
hardened. 1f machining overations are performed at this time, the ..
parts shall be stripped of a1l ecopper and plated all over prior to
austenitizing and quenching. .

Tvo of the test sawples may be used to deterzine the optimum heat
tresting temperaturs as determined by hardness. Csrbide formation
and retained austenite. At least one of the test samples shall be
heat treated with the parts and used as a contrsl specizmen for the
test required {n Section (5) entitled '"Quality Contrsl'. The car-
burized parts shall be hardened by oil quenching from vithin the

tcmpuraturu range showa in Table I,

TABLE I REAT TREAT TEMPERATURE RANGES
Temperature Range
Steel °F

3310 1475
4620 | 1475 - 1625
8620 . 1475 - 1575
9310 1475 - 1575

1550

i,

The temperaturs may bs adjusted up within the range to dissolve excess
carbides or down within the renge to eliminate excess retained austen-
ite. The final hardening temperaturs should be based on obtaining the
most favorable balance of these two constituents. The parts shall be
held at the austenitizing temparature for a minimum of 2 hours prior
to quenching.

After complet{on of the quenching operati{on, hardness tests shall be

made on the parts. The number of parts to be tested shall be deter-
mined by the lot size in accordance with the following:

TABLY 11 SAMPLIRG FOR HARDNESS TESTS

Lot Size Sample Size

1 .13
4 - 8
9 - 15
16 - 25
26 = 50
51 and over 1

O~ W W N re

1. If all the parts tested have a hardness of R.58 or more, they shall
be placed 1in the sub-zero chamber at -100°F to -120°F within 30
minotes after completion of the quenching operation. The parts
shall be held {n the sub-tero chamber for a minioum of three (3)
-hours.
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"ror the first plece of a hardening lot used as a quench press set up piece,

the time {n the sub-tero chamber may be =educed to 1-1/2 hours ninimum

provided the chamber {s uot opened during this period."”

().
(n).

(o).

(.

(2.

.(r).

3. Parts vhich have a hardness below R.58 shall not be put in the
sub-zero chamber, but shall be referred to the NASA-lewis
Ressarch Canter Contracting Officer for disposition.

After sub-zero troatﬁont, 81l parts shall be tempered st 300°F mini{imum
for two (2) hours. After coolin; to room temperature, the parts shall
be tempered s second time at 300°F minimum for two (2) hours,

After finish grinding, all parts shall be stress rali{eved it the sarce

tempersture as the tempering temperature for two (2) hours minimum,
or as specified on the applicable drawing.

Recarburizing: In the event that carburized parts do not meet the

case depth requirements, one (1) recarburizing cycle will be permitted.
Specimens representing the initial carburizing ecycle shall be processed
vith the parts to shov the cumwlative results of the recarburizing cycle.
and data entersd on the heat treat record. :

Reheat treatment: In the event that carburized and/or recarburized
parts do not meet the hardness requirements; one (1) reheat treat
cycle will be permitted.

CAUTION: Prior to reheat treatment, parts must be stress relieved at
1000°F - 1200°F for one (1) hour minimum at temperature.
Specimens representing the init{al heat treat cycle shall
be processed vith the parts to show the results of the reheat
treat cycle, and data entered on the heat treat record.

All other process and inspect{on controls shall be applicable for
recarburizing or reheat treatment as required.

Parts that have been recarburirzed and/or reheat treated (one time over
the initial cycle) and still do not mee* the draving or soectfiretinn
requirements, shall be aubject to approval of the Contracting

-. Officer prior to release for any subsequent processing.

(s).

When a diffusfon cycle 1is necessary to be used because of higher than
specification case carbon content, {ndividual approval shall be ob-
tained from the Contracting Officer prior to employing the cycle.
Specimens representing the initial carbur{zing cycle shall be processed
with the parts to show the cumulative results of the add{tional

d{ ffusion cycle and data entered on the heat treat record.

Stop off paints, such as No-Carb (Park Chemical Company, Cornwells
Heights, PA) and Sel-Car (National Copper Pa{nt Cowpany, Chic~eo, IL)
may be used to supplement copper plating in those areas vhere adequacy
of plating coverage is difficult and/or questionable. Examples of
areas vhere atop off paints may be used to advantage are bore areas

of spiral bevel pinfion gears and I.D. surfaces of shafts.
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Stop off paint is not to be used as a substitute for copper plating,

but rather as & supplement to the plating. Auxiliary snodes shall be -
used as needed to plate internal surfaces. These surfaces may be
subsequently coated vith stop off paint to provide additional assur-
ance against case hardening the areas.

(5). QUALITY CONTROL

(s). The test sample which vas heat treated with the parts shall be used for
determining the effective case depth, and rating the carbides and re-
tained austenite. The effective case depth for gears shall be deter-
‘mined 1o the root area of the carburizing test saxzple. The effective

- case depth for other parts, such as bearing races and bearing lands,
“shall be determined oa the outer diameter (0.D.) of the carburiring
test sample. .

(b). The effective case depth s the perpendicular distance from the surface
of the cass on a finished ground part to a poi{nt vhere the hardness is
equivalent to VHN 513 (approximately R.50). When the effsctive case
depth to R.58 1is specifically called out on the draving, measurements
shall be made to a point where tha hardness {s VHX 653.

The effective case depth {s measured using light {ndentar loads on @
transverse section of the test saczple polished to a wicrofinfish. A

. —Vickers hardness machine with a 5 Kg. lead will be acceptable, The
perpendicular distance from the surface of the case to the center of
the {mpression s measured using & microscope (50 - 200X) with a
filar micrometer eyepiece. The hardness data can be plotted and the
effective case depth obtained from the curve as shown {n Pigure 2. As
an alternats to graphical plotting, r~adings may be taken to establish
.the depth at wvhich time the equivalent hardness to R_50 {s obtained.
‘S{oce the tast sample {s used to detarmine the offncgivo case depth,
the amount alloved for final grinding shall be clearly {ndicated in the
‘records furni{shed to the Government.

(c). When accepting a carburized lot of gesrs based on the effective case:
depth determined 1in the root of the carburized test sample (Pigure 1)
allovances shall be made for the inherently desper case found on the
test ssmple a8 compared to the part. Acceptance of a carburized 1ot
of gears based oo the effective case depth {n the root of the ecarbur-
{zed test sample (Figure 1) shall be {n accordance with Table 1II.
When & facsimile of thé gear tooth is used as a carburizing tsst
saxple, the effective case depth in the root of the sample may not
exceed the effective case depth as specified on the drawing by more
than the grind{ng stock allowancs.

-
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FIG.2 METHOD OF MEASURING EFFECTIVE CASE DEPTH
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TABLE III
Effoct{ve Case Depth Allowance
‘ Over Maximum for Acceptance of
Maxioun Effective Case Teat Saaple Including Grinding
Depth from Draving Stock '
| 0.015 to 0.025 0.008
0.026 and over 0.010

The test sample shall be etched and examined for free carbides in
accordance vwith Figure 3. The reagent used to reveal carbides shall
have the following composition:

2 grams picric acid
25 grams sod{um hydroxidae
100 =l, water

The specimen {s made the anode and 6 volts DC (s applied for 60
seconds.

The test sample shall be etched and examined for retained austenite.
The maximum amount of uniformly distributed visual retained austenite
that vill be acceptable is 10%. Llocalized areas with a higher

amount of visual retained sustenite wi{ll be acceptable provided the
overall average {s 107 or less. The following recommendations are
made

1. The use of low austenitizing temperatures within the range shown
in Paragraph (4),(J) vill minimi{ze retained sustenite.

2. The more efficient the quenching operation, the less retainmed
austenite will be found in the hardened part.

3. Cooling from the austenitizing temperature should be cont{nusus
down to ambient temperature or preferably 70°F, Any {nterrupticn
in the cooling cycle will tend to stabilize austenite against
further transformation to martenaite,

L. The control of the carbon content of the case to lbwer composition
levels such as 0.75% to 0.857 will minimize the amount of retaimed
ausenite vhen compared with a carbon content of 0.95%.
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CLASS A = ACCEPTABLE

: CLASS B - ACCEPTABLE
LIGHT DISCONTINUOUS NETWORK

HEAVY PARTIALLY CONTINUOUS NETWORK

K AT T e

?.iﬁt f} _;%,ﬂa(;;';; ié

L ETWE

¢ .‘ * ' -i."..<.‘5 ‘;
R . -

CLASS D - NOT ACCEPTABLE
VERY HEAVY CONTINUOUS NETWORKX

CLASS C - NOT ACCEPTABLE
HEAVY CONTINUOUS NETWORK

-

ALKALINE SODIUM PICRATE ELECTROLYTIC ETCH
" ALl PHOTOMICROGRAPHS AT SO0 DIAMETERS

PIGURE 3 °
ATl
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Carbon control bars, coaforuing to -Figure 4, sball be run along with
the first ten production runs eof parts for a nev configuration. There.
after, a carbon eontrol bar shall be run with Kvery consecutive tenth
heat oumber, shall be forwarded to the RASA Contractiag Officer. o

The bardoess of all fin{shed carburized parts ahsll be checked for cop-
formance to draving requirsments, The surface hardoess of the case
shall be measured on the fin{ghed parts, using the 30K scale on & Rock-

- well Superficial Hardness Tester. The core hardness shall be checked

).

oo & noa-carburized surface. If the part is carburized all over, the
core hardness of the test sample shall be determined and so noted {n
the record. A .

Records shovwing the carburizing and heat treating condi{tions for each
furnace load shall be maintaiged, The serial numbers of each part (n
the 1ocad shall be kept on this record along with the results of the

laboratory tests or a cross referencs record shall be establighed,
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