MIL-P-70524 (AR)
29 OCTOBER 1990
MILITARY SPECIFICATION

PROJECTILE, 105MM, HE, RA, XM913/XM927
WARHEAD INSULATION ASSEMBLY FOR

This specification is approved for use by the U.S. Army _
Armament, Munitions and Chemical Command, and is available for
use by all Departments and Agencies of th‘ Department of
DCchlDC . .
1. SCOPE
1.1 Scope. This specification contains requirements and
gquality assurance provisions for the fabrication and packaging of
the warhead body, insulator and warhead insulation assembly for
105MM, HE, RA, Pro ojectile XM913 and XM927 (see 6.1)

2. APPLICABLE DOCUMENTS

2.1.1 Specifications, standards and handbooks. The following
specxfxcatlons, standards and nandbooks torm a part of this

document to the extent bpcu;;¢cu herein. Unless otherwise
:porifipﬂ the issues of these documents are those listed in the

issue of the Deagzzaént ofnﬁéfense Index of Sﬁééiflcatlons and
Standards (DODISS) and supplement thereto, cited in the solicitation

(see 6.2).

FEDERAL
TT-C-450 - Cleaning Methods and Pre-treatment of
Ferrous Surfaces for Original Coatings
MILITARY
MIL-A-48078 - Ammunition, Standard Quality Assurance
Provisions, General Specification for
IL-S-50783 - Steel Allov. Special Purpose for

Ammunition” Components (HF 1)
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STANDARDS -
FEDERAL
FED-STD-141 - Ppaint, Varnish, Lacquer and Related
Materials; Method of Inspection and
Testing
MILITARY
MIL-STD-410 - Nondestructive Testing Personnel
Qualification and Certification
MIL-STD-1168 - Lot Numbering of Ammunition
MIL-STD-1169 - Packaglng, Packing and Marking for
Shipment of Inert Ammunition Components
MIL-STD-1459 - Macrograph Standards for Steel Bars,
Billets and Blooms for Ammunition
Components
(Unless otherwise indicated, copies of federal and military
spec;fications, standards and handbooks are available from:
Military Specifications and Standards, Bldg. 4D, 700 Robbins Avenue,
Philadelphia, PA 19111-5094.)
2.1.2 oQther Government documents, drawings and publications.

The following other Government documents, drawings and publications
form a part of this document to the extent specified herein. Unless
otherwise specified, the issues are those cited in the solicitation. _

PRODUCT AND PACKAGING DRAWINGS

9381144 - Warhead Insulation Assembly

TAYLYTITA AW T /AT TIMNFT T DALITOATT T\ A LITAIINOD

ANOYrLLUILLUN LDYULrrMLNL URKAWILINOOD

9280384 - Envelope Drawing Ultrasonic Inspection
Equipment for 105MM HERA XM913 Warhead
Body

9280388 - Ultrasonic Inspection Standard 105MM HERA

(Copies of specifications, standards drawings and other Government
documents required by contractors in connection with specific
acquisition functions should be obtained from the Contracting
activity or as directed by Contracting Officer.)
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2.2 Non-Government publicaticns. The following document(s) form a

part of this document to the extent spec1fied herein. Unless
otherwise specified, the issues of the documents which are DoD

______ A
L

adopted are those listed in the 1ssue of the DODISS cited in th
';BB"\E;C‘ f\‘ Anciym me

solicitation. Unless otherwise bPBLLLLUu, the issuse docur
not listed in the DODISS are the issues of the documents cited

the solicitation (see 6.2).

s
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AMERICAN SOCIETY FOR TESTING AND MATERIALS

ES8 _ Tension Testing of Metallic Materials
E10 - Brinell Hardness of Metallic Materials
E103 - Rapid Indentation Hardness Testing of Metallic
Materials
(Copies may be purchased directly from the’ American Society for
Testing and Materials, 1916 Race Street, Philadelphia, Pa 19103.)

2.3 Order of pregedegce. In the event of a conflict between
the text of this document and the references cited herein, the text
of this document takes precedence. Nothing in this document
however, supersedes applicable laws and regulations unless a
specific exemption has been obtained.

3. REQUIREMENTS

3.1 Material. Materials shall be in accordance with applicable
drawings and specifications.

3.2 wWarhead insulation assembly. The warhead insulation
assembly and components shall comply with all requirements specified
on Drawing (dwg.) 9381144 and with all the requirements specified in
a applicable specifications.

5.3 Heat treatment or stress relief. Heat treatment or stress
relief appl o

Qupta— =23 L= P YL

shall be so performed and controlled as to produce in the warhea

stress e

ied shall be uniform throughout each lot of warheads and
d

the mechanical properties spec1f1ed on the appllcable drawing. No
9

warhead shall be reheat treated if it fails to meet the applicable
drawing requirements without Government approval.

3.4 Hydrostatic test. The warhead shall withstand an internal
hydrostatic pressure in accordance with requirements specified on

drawing 9381141 witnout evidence of leakage, cracks, ruptures cr
o e
Al

permanent distortion when tested specified in 4.5.1.

3.5 Proving ground. There shall be no break-up or separation
of metal parts in the gun bore or in flight, when tested as

specified in 4.5.8.

3.6 Warhead material defects.
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3.6 Warhead material defects.
3.6.1 Warhead body. The warhead body, including the cavity

shall be free from cracks, splits, bursts, cold shuts, pipes,
porosity, inclusions, folds, seams and other metal defects.

nts of 3.§¢
the warhead cav1ty shall be free from scale fins, ., draw
marks, laminations, imbedded foreign matter, pits and all surface
discontinuities which have a radius smaller than .030 inches.

hl
. 4

3.6.3 VTQ‘HH] standards. Visual st;‘-\hﬂa‘r"ﬂc for oun’\1\n+-1nn of

..... Rgni Nl (=P IV o PED Pu) PSS =3 A MO il

metal defects will be established for each contract after the first
months production. However, establishment of visual standards will
not waive the requirements for compliance with 3.6.1 and 3.6.2 (see
6.5)

2.

3.7 Insulation. The insulation shall be free from cracks,
seams, porosity, cavities and other defects.

trasonic ipspection. Warheads shall be free of any
tinuities equal or in excess of the 1nspect10n criteria within

v rede d ey~ R et e R ] 2 T T T, Sy - Y

respective zones when tested in accordance with 4.5.6. The
ction criteria are notches and holes in ctandardes {see 9280384
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quirements for surface finish are

~

Tne rougnness comparison
r

d ac c st. The nominal crack
25 KSI vin. test as a minimum.

35.12 First article inspection. This specification makes

provisions for fiEéE'SEtiEié'Iﬁéiéétléﬁf' Re&azgéagnts fgg“gﬁe
submission of first article sample by the contractor shall be
specified in the contract.
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3.13 Steel quality. Steel supplied shall comply with MIL-S-
50783, except that macroetch quality shall be per MIL-STD-1459. The

quality of the steel as indicated by the macroetch results shall be
equal to, or better than A5, B3 and C8 with defects.Dl, D3, D4, D5,

D6, D7 or D8 unacceptable. Manufacturer shall provide a
certification that the applicable MIL-S-50783, and macroetch
requirements have been met.

LT ilbo

3.14 Workmanship. The requirements for workmanship are as
PR, B e N T L o T-% R PN
auLiu

shown on the applicable drawing, in the applicaple specirli
and the following:

nao

1io

3.14.1 Surface preparation. Preparation of metal surfaces
shall be as specified on the applicable drawings and in the
applicable specifications referenced thereon. Where cleaning and
preparation are required by component details, the finish specified
shall apply to indicated surfaces regardless of contour

configuration.

- P

3.14.2 Ppainting. Painting shall comply wit e
of the applicable drawing. All paint shall be dry to the touch
before packing for shipment. Drying time prior to testing shall be

in accordance with the applicable specification.

h tb.n sy d oo

P R

1 b £2.71 -~ ~
11 DE lLudd allu uliu
specified on the

3.14.3 Threads. T amage
entire minimum length o appli
drawing.

Threads sha
r depth as

4.4 Burr. No part shall have a burr which mig
e a t ch mi

——evirmAA A nhd

assembly or function of the round or whi
ous to personnel handling the item.

3.14.5 Foreign matter. No part or assembly shall contain dirt,
grease, chips, rust, corrosion or other foreign matter.

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection. Unless otherwise specified

in the contract or purchase order, the contractor is responsible for
the performance of all inspection requirements (examinations and

tests) as specified herein. Except as otherwise specified in the
contract or purchase order, the contractor 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 this specification where such inspections are deemed
necessary to ensure supplies and services conform to prescribed
requirements.
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4.1.1 Respensibility for compliance. All items

shall meet a
requirements of Section 3 and 5. The inspection set forth in thi
spec1f1cat10n shall become a part of the contractor's overall
inspection system or quality program. The absence of any inspection
requirements in the specification shall not relieve the contractor

of the responsibility of ensuring that all products or supplies

submitted to the Government for acceptance comply with all
requirements of the contract. Sampling inspection, as part of
manufacturing operations, is an acceptable practice to ascertain
conformance to requirements, however, this does not authorize

submission of known defective material, either indicated or actual,
nor does it commit the Government to accept defective material

4.2 Clessification of inspections. The following types of
inspection shall be conducted on this item:

a. First article inspection
b. Quality conformance inspection
4.3 First article i cti
4.3.1 Inspection and tests (non ballistic).
4.3.1.1 Submission. The contractor shall submit a first
article sample as designated by the contracting officer for
evaluation in accordance 'w'ith provisions of 4.3.2. The first
article sample shall consist of the following items in sample
gquantities as indicated: —
Part Description Drawing Quantity
Warhead Insulation Ass'y 9381144 25
Warhead (Unpainted Metal Parts) 9381141 25
warhead (Prior to Knurling and
Threading Base) §381141 25
Insulation §381142 10
OAancoarmiItiuanlyey mvealAra~aA
\,Ullac&,ub_LVC.L}’ PLUUUL,‘:U
] from each cavity off
each mold
All assemblies and components shall have been produced by the
contractor or furnished by a supplier and shall have been
manufactured using the same production processes, procedures and
equipment which will be used in fulfilling the contract. all parts
and materials, including packaging and packing, shall be obtained

from the same source of supply as wl.LJ. be used in regular
produetiuu. Prior to aubmice.l.uu, the contractor shall .LHSPECL the

sample to the degree necessary to assure that it conforms to the
requirements of the contract and submit a record of this inspection
with the sample including statements of findings for materials,

processes and tests. A sample containing known defects will not be
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submitted unless specifically authorized, by the contracting
officer. A first article sample, or portion thereof, as directed by
the contracting officer, shall also be submitted whenever there is a
lapse in production for a period in excess of S0 days or whenever a
change occurs in manufacturing process, material used, drawing or

specification such as to significantly affect product uniformity as
determined by the Government.

4.3.2 Inspections to be performed. See MIL-A-48078 and Table I
enorifiaAd are’
specified herein.

4.3.2.1 Ballistic tests.

4.3.2.1.1 Submission. Twenty complete assemblies packed in the
form that will be used for shipping of the regular production
quantity shall be submitted to a Government installation designated

by the Contracting Officer for loading and ballistic testing.
Unless otherwise directed by the Contracting Officer, the assemblies

“ el ek Lm meelmd b d A eneed me
Snalli Nnot pEe suomitield pridor ¢o the acceptance cf the sample

submitted to the Government for examination (see 4.3.1) and shall

consist of twenty assemblies.

4.3.1.2 Tests to be performed and acceptance criterja. Proving

ground tests will be performed on ten (10) assemblies in accordance
with 4.4.3.1.1, utilizing the procedures of 4.5.8 to determine

compliance with 3.5.

4.3.3 Rejection. See MIL-A-48078.
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4.4 Quality conformance inspection.

4.4.1 Inspection lot formation. Inspection lots shall comply
with the formation provisions of MIL-A-48078 and the following:

4.4.1.1 1lleat treatment inspection lot. Ileat treatment
inspection lots shall not exceed one mill heat of steel or 500

components, whichever is smallest. Wheneve
treating of eight (8) hours or more occurs or a furnace 1is shut down
for any length of time, the heat treatment 1nspectlon lot will be

terminated and a new lot shall start. Additionally, heat treatment
inspection lots shall be restricted to components heat treated in

the same heat treating equipment, at the same temperature, for the
same length of time and in one unchanged process. When a batch type
furnace is used, the heat treatment 1nspectlon lot shall be further

P Uy QRN

restricted to those components heat treated at the same time in one

hat~h
oaccin. Batches may be combined into larger heat treatment

inspection lots after qgualifying with 1nd1vidual batches provided
guallfylng procedures are submitted to and approved byAthe
Government and provided all other restrictions detailed above are

met. Test samples shall be selected from the heat treatment
inspection lot after final heat treatment. Components in heat

treatment inspection lots shall remain grouped together énd
identified by inspection lot until mechanical property tests have
been completed. ~Components from heat treatment inspectlon lots

:
regroupead into final assembly lots.

a. Classification of characteristics. Quality conformance
examinations and tests are specified in the following Classification
of Characteristics paragraphs. The contractor's quality program or
detailed inspection system shall provide assurance of compliance of

2ll characteristics with the applicable drawing and spec1f1cation
requ1rements utlllzlng as a minimum the conformance criteria

e A F a4
bycu;;.u:u herein. Attributes oumpling inspection shall be conducted

in accordance with Table II below, using the inspection levels cited

e

in the Classification of Characteristics paragraphs.

[
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TABLE II Q-1 ATTRIBUTE PLANS

INSPECTION LEVELS

Lot Size II IIT Iv v vI
2 to 8 * * * * 5 3
3 to 15 * * * 13 5 3
16 to 25 * * * 13 5 3
26 to 50 * * 32 13 5 3
51 to 90 * * 32 13 12 4
91 to 150 x 125 32 13 12 5
151 to 280 * 125 32 30 14 6
281 to 500 * 125 32 30 17 7
501 to 1200 * 125 74 35 20 9
1201 to 3200 1250 125 74 43 24 10
3201 to 10000 1250 125 87 50 30 10
100601 to 35000 1250 256 109 61 36 10
35001 to 150000 1250 296 124 74 40 10

Numbers under inspection levels indicate sample size; asterisk

indicates one hundred percent 1nspection. If sample size exceeds
lot size, perform one hundred percent inspection. Accept on zero

and reject on ope or more for all inspection levels.

b. Alternative inspection provisions. Alternative inspection

procedures, methods or equipment, such as statistical process
control, tool control, other types of sampling procedures, etc., may
1

be used by the contractor when they provide, as a minimum, the leve
of quality assurance required by tge provisions specified herein.
Prlor to applying such alternative procedures, methods or equipment,
the contractor shall describe them in a written proposai Submitted

b +dAAarm aAarmA armeieemera
to the procuring contracting officer for evaluation and approval by

the Government. When required, the contractor shall demonstrate
that the effectiveness of the proposed alternative(s) is equal to or
better than the speci ied quallty assurance provisions herein. 1In
cases of dispute as to whether the contractor's proposed

o e d -
alternative(s) provide equal assurance, the provisions of this

specification shall apply. All approved alternative inspection
provisions shall be specifically incorporated into the contractor's
quality program or detailed inspection system as applicable.
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4.4.3 Testing.

4.4.3.1 jca ies.
4.4.3.1.1 Bardness. Each final heat treated warhead from a
heat treated lot shall be identified and subjected to a hurdness
3

test on the surface indicated. Three (
taken approximately 120 degrees apart. The three hardness readlngs
thus obtained shall be averaged and used as the basis for selecting
the tension test samples of paragraph 4.4.3.1.2.

rf'
t+

4.4.3.1.2 Tension (see dwg. 9381141). Two final heat tr
warheads from a heat treated inspection lot shall be selected
the tension test The warheads selected shall be those which

1 all he +ac
eads two specimens shall be tes

4.4.3.1.3 Retest. 1In the event of rejection, new samples of

nigner or lower hardness values or both, as appllcable may be

selected and tested in accordance with 4.4.3.1.2 in order to
establish an acceptable hardness range. Once this range has been

established, all warheads whose hardness values fall outside the
range shall be rejected or subjected to retemper or heat treat cycle
if approved by the Government. An acceptable nardness range is one

A
which will provide acceptable yield and elongation results.

4.4.3.1.4 Slow bend precracked charpy test. Beginning with the —

first heat lot produced and continuing until three consecutive heat
treat lots have complied with the applicable minimum requirement

specified, one final heat treated warhead from each heat treated lot
shall be subjected to the precrack (‘harnv test. The warhead

ol

selected shall be of the hlghest hardness readinq from 4.4.3.1.1 an
may be the same as used in 4.4.3.1.2. Two specimens shall be

tested, with acceptance based on the average fra"ture toughness.
addition, no individual fracture toughness shall be less than 25
"'E, If one test is 1nv:-\1‘ir? arcpn*apna may be based on the fra

e ~hd il

toughness of the valid sample or another sample from the same
warhead may be tested. If either the average or individual fracture
tougnness 1s below the minimum allowable, the heat treated lot
represented shall be Le_jec,u::u, or Suujectec to retemper and retest,

for all mechanical properties, if Apprnucﬂ hy the Government. After

three consecutive heat treated lots have been accepted, the test
shall be discontinued. The test shall be relnstituted until three
consecutive heat treated lots have complied with the applicable

e @ 2 e P Ly L. :

requirements, if any of the following occur:

P
2

MU
[V Re]

e

+
1%

C
0
e

a. Steel is procured from a different producer, or from a

substantially different process as determine d by the Government.

b. Forgings are procured from a different producer.




MIL-P-70524 (AR)

c. A substantial change is made in the forging process or
configuration, as determined by the Government.

4. A change is made in heat treatment contractors.

e. A substantial change is made in the heat treatment process,

as determined by the Government.

4.4.3.2 Molded components. The first ten (10) warhead
insulations consecutively produced from each cavity of each mold
shall be inspected for all drawing dimensions. In addition, ten
(10) consecutive sample pieces shall be selected and inspected after
a maximum of 5,000 pieces have been produced. If any part fails to
meet all drawing requirements, production shall be stopped and the
mold corrected. Deviations or suspected deviations in product shall
be examined 'to determine if corrective action is required.

4.4.3.3 Salt spray. After qualification in accordance with TT-
C-490, two (2) salt spray samples shall be taken each week, one
during the first 30 minutes of production and a second at any other
time. Failure to comply with the requirements of the applicable
drawing shall be cause for taking the corrective action prescribed
in TT-C-4S0.

4.4.3.4 Protective coating - thickness. Two samples shall be

selected at random to represent each four hour period, or less, of
continuous paint production. The sample warheads shall be inspected
for paint coating thickness at a minimum of four separate locations
on each warhead. Any warhead failing to meet the applicable
requirements shall be classed defective and every warhead painted
since the last acceptable sample shall be rejected.

4.4.4 Inspection equipment. The contractor shall submit for
approval inspection equipment designs in accordance with the terms
of the contract. See Section 6 of MIL-A-48078 and paragraph 6.3
herein.

4.4.5 Proving ground. Security. Testing shall be performed as
specified in 4.5.8.

4.4.5.1 Initial inspection. Beginning with the first lot
produced and continuing until three consecutive lots have complied
with all of the applicable requirements specified, 20 sample
warheads shall be randomly selected for this test, 20 sample
warheads shall be observed for security of parts when tested in
accordance with 4.5.8. If any sample warheads fail to comply with
the requirements for security of parts, the lot shall be rejected.

] 1 r A T L 14l ottt mmner anthmnit indanandasn? nrant AATIATREOTOTVY



MIL-P-70524 (AR)

P P & o~ v v ey

4.4.5.2 Reduced inspection. After three consecutive lots have
complied with 4.4.5.1, 10 sample warheads shall be randomly selected
from each lot for this test. The 10 sample warheads shall be
observed for security of parts. 1If any of the sample warheads fail
to comply with the requirement for security of parts, the lot shaii
ha saoata~d+-aA TE +hnma TAd 460 »radoardad +haea Srmoarmacmd A ~w 3
A= LT jTLLTuU. 4 L Lile LUL 4o LogjveiLcu Lilc LLLDFC\- LAl el oL

back to paragraph 4.4.5.1.

4.5 Methods of inspection.

A C 1 Ut!f:vﬂﬂ+5+'|f\ oo+ Tha u 5'¥h+nrq wrarhaasA
2 e e L ML VO LG W LA LT O L. .l.LJC l GQlillieowud WUL‘.LGUU

in a suitable test fixture and be subjected to the pressure
specified on the applicable drawing. Any warhead which fails to
comply with the applicable requirements shall be classed defective
and removed from the lot.

4.5.2 Visual examination. The internal cavity of the warhead
shall be inspected visually prior to nosing using peripheral
lighting to assure conformance with the applicable requirements.
Visual standards in accordance with 3.5.3 shall be set up for use
ﬂnrinn this insnection. Any warhead Fa111nn to meet the ann11rnh1p

LR @ 9 4 Spreweatrics Sy FWOLAATLEOL LACassiig Y O nTT Y wildT CppealLa T

requirements of 3.5 shall be classed defective and removed from the
lot.

4.5.3 Mechanical properties.
4.5.3.1 Hardness. The hardness test shall be conducted in
accordance with ASTM Method E 103 and the following:

shall.be prepared by machining to a sufficient depth, C
minimum, to remove Scale and get below the decarburization zone
The preparation process to be used shall require Government

,,,,,, 1 1

approvad. Manual grlnoing shall not De used. The surface
£

4—‘.@ ATl Y AAerd mey

nronaratin i ryameant mauy ha aldmina+ad 4
[ [ wilc Lu;*uw_}.xts

~ vyusuu*u&& Lv\d‘u-l.l- Cﬂlll\vll\— PR -LJ.IIK.LLAU \—‘; o

conditions are met:

€l
(!

(1) Lab results confirm that current production process
produces a decarburized zone of 0.003 inches maximum in the test

P =% mha ﬁnn*#r:ﬂ%-ﬁr chall nrnn-lﬂn camnl ~r nhAatAa_mi~rAmrran
b e ‘JJU A Z T D AACA L A t/ WV A Dull‘tl-Lco ra N/ b yl‘v hv lll.L\'L vs& uyllé Y2

of high and low hardness samples to the Government for approval.
Samples may be the same as for 4.5.3.2 below.

A controliled atmosphere is maintained in the
£
(3) Depth of decarburization shall be reverified whenever

precrack charpy testing is required (see 4.4.3.1.4), but only for
the first heat treat lot.
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b. Hardness tester periodic verification shall be performed
using Brinell test standards manufactured in accordance with ASTM

Method E-10 in lieu of production samples.

All hardness test measurements shall be automatically

d. The hardness tester shall use a standard 10mm Brinell ball.
The body shall be securely supported so that no rocking or shifting
of the body w1ll occur durlng the test. The tester shall apply a

preload followed by application of the full locad. The prelcad shall

not exceed 10% of the major load of 3000kg. The amount of
penetration of the indentor (l10mm ball) during that time period when
the major load is applied including the dwell time at the end of the
load appllcatlon shall be automatlcally measured. The tester shall
be yIOVlucu with a means to t.uulycucctc for any flc;u.ﬂg cf the test

item that may occur during application of the major locad. The
hardness number will be displayed at the conclusion of the test.

e. Three hardness readings shall be taken 120 degrees apart.

4.5.3.2 Tension. The two warheads selected for testing shall
have two specimens taken from each and tested as follows:

a. Base section. The base section tensile specimen shail be

Alrmrm e Tad 1. + + + 1 q
taken transversely. Failure toc meet the yield strength or

elongation requirements of dwg. 9381141 shall require a retest from
the remaining portion of the base. Results of the retest specimen
and the first failing specimen shall be averaged to determine
compliance with the applicable drawing requirement. Failure of the

=
average results to meet the drawing reguirement shall be cause for

rejection of the heat treated 1nspection lot. 1In addition, failure
of either individual test specimen to meet 130,000 psi minimum yield
streng;h and 3% minimum elongatlon shall be cause for rejection of

that heat treatment 1nspec11on ‘U‘C IEPIBthLBQ Dy L..[le bdlllL).LB.

b. Side wall. One specimen shall be taken from the sidewall.
The gage length shall be between station T and two inches forward
thereof Failure of an sgecimen to comply witn tne applicable

PR SN U ST T T S Py Ihomomd deee
equ.LLt:meuL blld_l...L pe Ccaudsce .LU.L LUJ CL—L.LUJ.I UL L].lc neac tTre Gt d
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4.5.3.3 Slow bend precrack charpy. The two specimens shall be
taken from locations Cl1 and C2 on Figure 1. The test shall be
conducted at a specimen temperature of -65 degrees Fahrenheit (°F).
The test shall be conducted ln aeco:dance with the procedure defined
in the Appendix of this specification with the notches machined

across the rear face of the specimen. Locatlons C3 and C4 on Figure

1 shall be used for replacement specimens for locations C1 and C2
respectively.

4.5.4 Radius of base cavity. (See dwg. 9381141). The warheads
used in 4.4.3.1.2 shall be gaged for proper radius when the warheads
are cut for tension specimens. If any warhead fails to comply, the
heat treated inspection lot shall be rejected.

4.5.5 Protective coating. The procedures for testing the
cleaning of components and the application of protective coating
shall be in accordance with the requ1rements of the applicable
drawing and the specification listed thereon.

4.5.5.1 Salt spray testing. Salt spray testing shall be
accomplished on productlon warheads or sectioned warheads that were
acceptable at the time of painting and were sectioned subsequent to
naln+1nn If sectioned warheads are used secrtioninag shall he

acialilly -

TTlhL i anas e v wovwd, ST LA ViidllyY Sliald Mo

accompllshed to allow testing of all major areas of the warheads on

an alternating basis. The salt spray test shall be performed
utilizing the equipment and procedures specified by Federal Test

Method Standard No. 141 and TT-C-49%0 with the exception that test
samples shall be selected in accordance with 4.4.3.3,

4.5.5.2 Protective coating - thickness. Protective coating

»

thickness shall be accomplished using commercially available
ami1d rvmand
G\du.&hllllcll .

4.5.6 Ultrasonic inspection. The warheads shall be
ultrasonically inspected prior to threading using equipment and

procedures in accordance with 4.5 The warheac shall be

1 . 1 v
’“Sp°”+°a with ultrasonics. Ul

a
right aggles to assure that orientation does not pr

of a defect. A standard, in accordance with 4.5.6.3, shall be used
to check the effectiveness of the inspection process. Any warhead
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failing to meet the requirements of 3.13 shall be classed defective
and removed from the lot.
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(T) (T)

(C4) (C3)| (C1) (C2)

FIGURE 1., APPROXIMATE LOCATION OF TENSION AND CHARPY
BASE SPECIMENS (T-TENSILE, C-CHARPY)




4.5.6.1 Equipment and procedures. Th

shall be performed with the use of a liqui

221C L 4

c inspection
- [ P N W
a [(ellable
a

o g PN ¢)]

e

separate sources of ultrasonic energy. This means that in the base
and bourrelet regions, ultrasonic regions, ultrasonic energy shall

move within the walls of the warhead with separate significant axial
or circumferential components of velocity to detect flaws located on

the outside, inside or within the walls. For the base region,
significant ultrasonic velocity components shall separately be
radial and circumferential.

h oi
dd

Criteria for detection of cracks are grooves whic imua
actual larger cracks. Details are contained on drawing 9280389.

All grooves machined on the standard are targets for rejection.
That 1s, any warhead that sends back an echo signal that is greater
than or equal to the signal from the standard shall be rejected.
Relief portions of radially oriented grooves where the full depth
approaches the surface are not inspection criteria.

4.5.6.2 alibratjon a atjo ced and ipment.
Prior to initiation of ultrasonic inspection, the con

submit for written approval one copy of his'éroposeé‘procedures,
including descriptions of equipment (contractor design) and

operation procedures (see 6.3). No change to the procedure shall be
made after the original approval without submission and approval of
the proposed changes. as a minimum, the adequacy of the inspection

ES - P
process shall be checked by using the standard at the start and
finish of each production shift or change in operator, as well as at
four (4) hour intervals during production. 2ll channels shall
properly indicate a rejection signal when encountering the notches
mentioned in 3.13. If the inspection process is determined to be
inadequate, the condition shall be corrected and all jitems inspected
since the last acceptable inspection check shall be reinspected.
Equipment used shall provide for a positive activation of a buzzer
or alarm as well as a light system for each channel to alert the
operator of the signal indications that are the criteria for
rejection. A log book shall be maintained by the operator of each
system which is a minimum, documents the use of standards,

transducers, instrumentation, repairs, reasons for equipment
breakage, if any, and changing of qualified operators or inspectors.
This log book shall be made available when requested for Government

review.
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4.5.6.3 Ultrasonic standards. The ultrasonic inspection
standard shall be provided by the contractor for use during the
ultrasonic 1nspectlon. The standard shall be machined from an
acceptable warhead in accordance with drawing 9280389 and shall be
inspected for all drawing requirements to determine their

amr~antakil

acbpycau¢;¢ty IO
performed on the standard is required. In addition, a certificate

of conformance for the standard shall be submitted prior to use of
the standard.

for use Government verification of all inspections

UDCT . UV Y S LIULTLL L P S S S (o = o P

4.5.6.4 Operator qualification. Personnel performing the
ultrasonic inspection shall be certified in accordance with MIL-STD-
410 with the following exception

Each facility shall have as a minlmum an individual who
qualified as a Level II inspector in all respects but need not
include experience.

4.5.7 Bonding assemb u est fixture. A fixture using
either suction or vacuum cups capable of exerting a minimum of 100
pounds pull on the insulator shall be used for the test. The
fixture is to be designed in accordance with 4.4.4.

4.5.8 Proving ground. These tests shall be performed at a
Government proving ground in accordance w‘th the applicable

ml

acceptance test procecure. 'ne Samp..Le warheads selected in

accordance with 4.3.1.2 shall be inert lcaded and assembled and

fired at ambient temperature in a M119 series howitzer using a
PXR200 propelling charge. The propelllng charges shall be uniformly

temperature conditioned to 70° + 2.5 °r prior to test. Photographic
and instrumental coverage shall be provided to assure compllance

with 3.13. Range and deflection shall be recorded for informational
purposes only. 1In the event of any abnormal condition, as observed

by personnel or instrumentation, an attempt 11 be made to recover

(=~
and examine the metal parts for informational

5. PACKAGING

5.1 rackaaginga nacking and marking. DaCkagiﬁg; pagkigg and
marking shall be in accordance with MIL-STD-1168.

6. NOTES
(This section contains information of a general or explanatory
nature that may be helpful, but is not mandatory.

6.1 Intended use. The warhead covered by this specification is
intended for use on the Projectile, 105MM, HE, RA, XM913. This
specification contains requirements suitable for productien.
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6.2 Agquisition requirements. See MIL-A-48078 (AR).

6.3 Submission of inspection procedures and eguipment designs
for approval. (See MIL-A-48078) Submit equipment designs, as
required, to Commander, ARDEC, ATTN: AMSMC-QAR-I (D), Picatinny
Arsenal, NJ 07806-5000. This address will be specified on the
Contractor Data Requirements List, DD Form 1423 in the contract.

Unless otherwise specified, data item DI-R-1714 will apply.

6.4 Inspection lots. It is noted that the size of inspection
lots of components, assemblies or items of delivery may differ from
the actual quantities contractually scheduled for delivery.
However, in order to facilitate scheduling of tests or deliveries,
inspection lots of items of delivery may be equivalent to such
contract quantities provided all of the lot formation criteria per
MIL-STD-1168 and sampling provisions of this specification are
maintained.

6.5 Visual examination qualifijcation. When compliance with the
applicable reguirement is in doubt as a result of visual examination
the characteristic may be measured or gaged to determine
acceptability.

6.6 Proving ground test summarv.

Sample size
Test (see 4.4.3.3) Regquirements

Security *20 10 No breakup or metal parts
separation (see 3.6)

* Applicable only for First Article Test and first three

6.7 Submission of ballistic test date and ammunition data
cards In addition to the normal distribution of records for items
rocured by the Department of the Army, two copies of all ballistic
est data and ammunition data cards shall be forwarded to Commanding
ffi
(

icer, AMCCOM, Picatinny Arsenal, NJ 07806-5000, ATTN: AMSMC-QAR-
D) and SMCAR-FSA-IM.

6.8 Visual standards. Visual standards to be established at
contractors plant in compliance with 3.6.3.
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specification is cited in the following paragraph:

Paragraph Data Reguirements Applicable DID

A [~Se ] MAact+ DornAryiéd nr_m_1anc
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4.5.3 Test Report DI-T-13806

(Copies of data item descriptions required by the contractors in

conjunction with specific procurement functions should De obtained
~m o tha v~~~ ~F S ey ey A3 o+t e LR o V- alale kol -Yal S ey
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6.10 Process notes. The following notes are provided for
information only:

. R L. o le) - .
a. Heat treat - Austenitize - 1475° to 1550 F for one hour
minimum.
..... 720a0m £~ 5 ,.A0
- U.L..L QUEIILII - 11U & LO 14U I
(@) _
- Temper - 1040°F min. for 1 hr. min.
b. Cooling of forgings should not be retarded. Slow cooling
can cause the forma ion of carbides.
c. Spheroidizing after forging can be beneficial in rough
machining, nosing and heat treatment.
d. Nosing should be performed in a minimum of two steps.
e. The "As Forged" base thickness should be 0.9" maximum to
assure adequate working of the base.
f. QueQChlng over spuds is recommended to assure adequate
cuenching cf the base.
g. The hydrotest plug should be designed with a one quarter
LR Vel o) midrmdmiim +hhenald Al <afF Fa ;memiramd T acAdd ;e A Jmddla [ - [y
411l Rladlagiuuil Ll eaud Lollel LU prevell 1oadllly ol lllluvilad uilireaduos o
the warhead.
h. Examination should be made of all hydrotest plugs after a
warhead is blown during testlng. Badly nicked or damaged plugs may
cause destruction of all acceptable items.

o]
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Subject term (keyword) listing.

Hydrostatic test

Molded components

Reduced inspection

Salt spray

Slow bend precracked Charpy test
Ultrasonic test

warhead



10.1 Scope. This test method covers the determination of a
)

fracture toughness, Kq, of a Lnarpy type spec1men (see Fig. 3)

N+ a a2 Fa+rivrie ~rracrlty oo+ aAd in <) Ao nAYnNnA Thic +act+t moa+hnA
\-«Ull \.-Q.LAI.LLAB Q J.cs_a.guc LGN Lo uLCcu DA UW L\J LLH - 11140 Lo o I Lilug
will be applicable for HF-1 steel nly

This fracture toughness will be sensitive to changes in the
plane-strain fracture toughness providing the strengtn of th

Ao+ b W -~ o) at a
specimen is determined urlmarl.Ly DYy Crack prvpaguw.lon anda no

plastic instability in the Charpy-type specimen.

20. APPLICABLE DOCUMENTS

-~ ~ - N NN Vo e D e D e o

LU . 1 AdDIL oldadlldaras <
E-4 Practices for Load Verification of Testing Machines
E-8 Methods of Tension Testing of Metallic Materials
E-23 Methods for Notched Bar Impact Testing of Metallic
Materials
-13Q Pracrcrtira far Candiictrina Craen NMroon-Piimtiira anA
et - o S - d AN e e -— S A r Wl ddd Al b.Lng A\ Vvy e b \—G—y L\uy\'ubv, Al in4
Stress-Rupture Tests of Metallic Materials
E-399 Test Method for Plane-Strain Fracture Toughness of
Metallic Materials
E-812 Crack Strength of Slow-Bend Precracked Charpy
Crnarimance AF IR _C+ranmmb+h Mad+al T4~ Matardale
-ch\a.L.\HGLAD 7 d Ll.l.sll \J\-LGA&BL—L& PFiIC Qd d d [ L= I S) 2 G N = 3 &y~

30. SUMMARY OF METHOD

1 Summary of method. This test method emp.Loys a Lnarpy

T A3 widh oo ~dr~rh Farminaddn 4o o Fads rac~l

rO'v..\.ucu W4 Uil G DLAQL‘E) uu&.\.u uCLNL.LlAO;_.Lllu .LLL a ...GL.‘LSJC L—LC!CJ\
tested in three-point bending using fixtures that minimize the
contribution of friction forces to the measured applied load. The
maximum load in the test is recorded and the fracture toughness is
determined from this value and the original dimensions of the

Ivel-YokReiT-Ta)
Dycu LTl .

40. PRECAUTIONARY NOTES

40.1 Precautionary notes. When preparing specimens and
e mmde 2 P~ B R I P S N T 2 b 4 o R P poy SR e Y o b PPy S N
LESLLIlY 1UL lraliulrle Louyiliess, 1L 1S 1uportiailt iiilau teritaaia
precautions be kept in mind.
~ 40.1.1 Toughness. The fracture toughness of some materials
will be sensitive to the rate of loading and loading rates should be
confined to the range given in 80.3.2.

27
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40.1.2 Temperature. The fracture toughness will be influenced —
by the testing temperature and calibration relations may change with
testing temperature.

Addel L2V L 2 A NVAND

0.1 Fracture toughness, Kg. As determined by this method,
ture toughness is defined as the nominal stress 1nten51ty in
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60. APPARATUS s

1 sion-tes mac e. Conform to the requirements of
s E-4

60.2 Bend-test fixture. The procedure involves testing of the
specimen in three- point bending. The best test fixture should

provide support rollers that are free to rotate and move apart
slightly during loading (for example, see the Test Method E-399 bend

e = N aad - lANe aal [ i 4 (=g o) = —iile L VR A L U & £ 010 U o Lt B >4 oLl

test fixture for qeneral principles of design). The nominal span
between support rollers shall be 1.57 in. (between 1.50 in. and 1.65
in.). 1If the diameter of the support rollers is between 0.30 in.

and 0.39 in. there will be negligible change in span during

deformation of the snecimen

- aald whaT ST anivass

60.3 emperature contro The testing temperatures shall be
controlled by use of an integral temperature conditioning chamber as
part of the testing apparatus. Any suitable method may be used to

temperature condition the specimen providing the reaion including

S e A e Na e e NS AANA h WAL o diNe Sl ARl ML WUV ANddllyY il AN lvil Al U Ll

the notched and cracked section can be uniformly maintained within
+2°% of the desired test temperature.
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60.4 Temperature measurement. The temperature of the specimen
during testing shall be measured by means of two thermocouples
attached on either side of the notched and cracked section. These
thermocouples may be spot welded in place; however, the spot weld
locations shall avoid the crack path. At the test temperature, the
difference between the temperatures indicated by these two
thermocouples shall not exceed 1 °F and the average of these two
temperatures shall be withinz 29F of the desired test temperature.

60.4.1 Thermocouple. Temperatures shall be measured with
calibrated theromcouples used in conjunction with potentiometers or
millivoltmeter. Such measurements are subject to various errors;
reference should be made to ASTM E-139 for a discussion of errors.

60.4.2 Calibration. The temperature measuring apparatus shall
be calibrated periodically against standards traceable to the
National Bureau of Standards in order to ensure that the accuracy
specified above can be achieved.

70. TEST SPECIMENS, DIMENSIONS, AND PREPARATION

70.1 Dimensions. The precracked Charpy bend specimen is shown
in Fig. 3. The crack length, a, (starter notch depth + fatigue
crack length) is nominally equal to one half the specimen width, W,
and shall lie within the range between 0.45 and 0.55 W.

70.1.1 Crack starter. The crack starter shall consist of a V-

notch having an included angle from 45 to 60 degrees provided with a
small radius at its tip. Experience has shown that a notch radius
of less than 0.003 in. is usually necessary in order to facilitate
the initiation of a fatigue crack at a low-stress intensity level.

70.2 PFatique cracking. 1In order to ensure a sufficiently
sharp fatigue crack and to facilitate the production of this crack,
the following procedure shall be followed:

70.2.1 Specimen condition. The fatigue cracki
conducted with the specimen in the condition of heat
which it is to be tested.

PR,

70.2.2 Method. The method used for fatigue cracking shall be
such that the crack extension direction is perpendicular to the

notched face of the specimen. Cantilever bending or three-point
bending may be used to produce fatigue cracks.

Cantilever bending facilitates completely reversed loading
(Pnin “Pmax = ~—1) which aids in starting and propagating the crack.
For practical purposes, the K calibration for three-point bending
may be used to estimate the stress-intensity factors for the

ey -



NOTE: The stress distribution at the crack tip in cantilever

bending can be influenced by excessive clamping forces to the extent

that the fatigue crack will deviate from a plane that is normal to
PVt el aleTel £ = ~F s mrmas~d

o~
tllt’: NOTCied Iale& OI1I tTiie aycb;.mcu.

70.2.3 Crack. The fatigue crack shall extended at least 0.04
in. beyond the tip of the crack starter notch. During at least the
last 0.02 in. of fatigue cracking the following will apply:

in fatique to Young's

(
e
(
:
<

80.1 Number of tests. Samples shall be selected as specified
in the basic specification.

80.2 Specimen measurement. All specimen dimensions shall be
within the tolerances shown in Fig. 3.

80.2.1 B and W. Measure the thickness, B, to the nearest
0.001 in. at not less than two positions between the fatigue crack
tip and the unnotched edge of “the specimen and record the average
value. Measure the depth W to the nearest 0.001 in. at two
positions, one on each side of the crack starter notch and record
+hae avaramnme valiuie
LS ¥ &~ UVGLOEG VOALWT .

80.2.2 a. After fracture measure the initial notch plus
fracture crack length, a, to the nearest 0.5% at the following three
positions: at the center of the crack front, as, and midway between

the center and the intersection of the crack front with the specimen
surfaces, azanc a,. Use the average of these three measurements,
(ay,+ ag + a, )/3, as the crack length in the calculation of K_ (see
90.1). 1If the difference between any two of the crack length
measurements exceeds 10% of the average, or if part of the crack
front is closer to the macnined notch root tnan 5% of the average,

+ha ormamdiman ahall hm Ad e sd AV o~

cii€& Spedimen Ssinaii. oe discarded. ALDD, if the .Lt‘:.llgLLl of either
surface trace of the crack, a, and a is less than 80% of the

1 s’
............. T an ek am RACI AR alAacra ln mommmdommem el a1 Lo
aveclaye L.LGLR deuyelil, as ut:).iueu apouve , Liie bPBLlHlBIl Sllall De
discarded. Record these five crack lengths.
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80.3 Bend testing. Set up the bend-test fixture so that the
line of action of the applied load shall pass midway between the
support roll centers within 0.04 in. Measure the span (distance

between the support-roll centers) within 1% and record this value as
S. This value should fall between 1.50 in. and 1.65 in.

80.3.1 Location. Locate the specimen with the crack tip
midway between the roll centers to within 0.040 in., and square to
the roll axes within 2 degrees Check the parallelism between the

top face of the specimen and the loading roller by sighting the gap
between these surfaces just before contact is made. As a small load
is applied, light in this gap should extinguish simultaneously
across the thickness of the specimen. If this condition in not met,
the loading roller shall be suitably adjusted.

80.3.2 Loading. Load the specimen at the rate between 700
1bf/minute and 3600 lbf/minute until the maximum load is reached,
and record this value as P___. Record the loading rate.

NOTE: It is desirable to f
specimens having low toughne
the

ollow the load change carefully because
s
decrease in load beyon m

s will break abruptly and no slow
maximum will be observed.

90. CALCULATION AND INTERPRETATION OF RESULTS

ghness value in _KSI

90.1 K. Calculate a tentative fracture tou
itial dimens

in. from the measured value of ymaxaﬁd the in

the specimen as follows:

2/
K S/1000 B W27 %) f(a/W)

(Pmax

90.2 Validity. Determine the validity of this tenative

fracture toughness by checking the validity of the precracking
(70.2.3;, the shape of the crack front (80.2.2), and the bend test

). If these requirements are met, this
e considered valid and will be reported as the
, of the HF-1 steel.

L=
conditions (60.4, 80.
i1

90.3 Fracture appearance. The appearance of the fracture may

furnish valuable supplementary information. A means for describing
the fracture appearance of cracked bend specimen is given in Test
Method E-399 and shall be used to characterize the fracture
appearance of the precracked Charpy specimens.

Tw v J oneprw > o D AVIA DGEW VAL - - - e — - —-



MIL-P-70524

100 REPORT
100.1 eport The report shall include the following for each
specimen tested:
100.1.1 All specimen dimensions (Section 80.2: B, W, ay, 2,
a3, 8,4, ag).
100.1.2 All test parameters (Secticn 80.23: S, Locad Rate,
P__. temperature).
max *
100.1.3 A check of all test validators:
100.1.3.1 Precracking.
A. -1 £ (P, /P ) £ 0.1
B. Kgimay)/E > 0.002 in.t/%
f (max)
C. K: _o+ < 0.6 K_
L {max) g
100.1.3.2 Crack length.
A. afatigue > 0.04 in. + @notch
B. .45W < a < .55W
C. a, and a_ > 0.8 a
1 5
D. ai - aj < 0.1 a ; where i, j = 2, 3, 4
100.1.3.3 Test conditions.
A. 1.5 in.< § < 1.65
B. 700 1bf/minute < Load < 3600 lbf/minute
C. T+ armarmiinlae Tv-nmv-! rad T 2 OF
il Llnvewup Lo LWL LTU T
100.1.4 The fracture toughness, K_, for all valid tests.

100.1.5 Crack plane orientation (ASTM E-399).
100.1.6 Fracture surface appearance (ASTM E-399).
100.1.7 0.2% offset tensile vield strength (ASTM E-8).
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