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MIL-B-29604(AS)
15 December 1994

MILITARY SPECIFICATION

BODY ARMOR, HARD, SMALL ARMS PROTECTIVE, PRU-61/P22P-15

This specification is approved for use by the Naval Air Systems
Command, Department of the Navy, and is available for use by all
Departments and Agencies of the Department of Defense.

1. SCOPE

1.1 -. This specification covers the general
requirements and inspections for hard body armor worn by
helicopter aircrewmen for protection against small arms
projectiles.

1.2 Classif ication. The hard body armor will be one of the
following sizes (see 6.2c):

Sma11
Medium
Large
X-Large

2. APPLICABLE DOCUMENTS

2.1 Government documents.

2.1.1 sDecif ications. standards, and handbooks. The
following specifications, standards, and handbooks form a part of
this document to the extent specified herein. Unless otherwise
specified, the issue of these documents shall be those listed in
the issue of the Department of Defense Index of Specifications
and Standards (DoDISS) and supplement thereto, cited in the
solicitation (see 6.2d).

Beneficial comments (recommendations, additions, deletions) and
any pertinent data which may be of use in improving this document
should be addressed to: Commander, Systems Standardization,
Code 4.1.11B120-3, Naval Air Warfare Center Aircraft Division,
Highway 547, Lakehurst, NJ 08733-5100, by using the self-
addressed Standardization Document Improvement Proposal(DD Form
1426) appearinq at the end of this document or by letter.

AMSC N/A FSC 8470
~TRIBUTION S~EWENT F! Approval for public release:
distribution is unlimited.
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SPECIFICATIONS

FEDERAL

A-A-1898

CCC-P-91
PPP-B-601
PPP-B-636
PPP-F-320

MILITARY

MIL-W-4088
MIL-T-5038

MIL-C-12369
MIL-F-21840

MIL-C-43734

STANDARDS

MILITARY

MIL-STD-105

MIL-STD-129
MIL-STD-453
MS27983
MS51940

MIL-B-29604(AS)

Cushioning Material, Packaging,
(Cellulosic, Water Absorbent)
Padding; Rubberized, curled Hair
Boxes, Wood, Cleated-Plywood
Boxes, Shipping, Fiberboard
Fiberboard: Corrugated and Solid,
Sheet Stock (Container Grada), and
Cut Shapes

Webbing, Textile, Woven Nylon
Tape, Textile and Webbing, Textile,
Reinforcing, Nylon
Cloth, Ballistic, Nylon (Validated)
Fastener Tapes, Hook and Pile,
Synthetic
Cloth, Duck, Textured Nylon

Sampling Procedures and Tables for
Inspection by Attributes
Marking for Shipment and Storage
Inspection, Radiographic
Fastener, Snap, Style 4 (Validated)
Loop, Slide (For Equipage)

(Unlese otherwise indicated, copies of federal and military
specifications, standards, and handbooks are available from
DODSSP. Standardization Document Order Desk, 700 Robbins Avenue,
Philadelphia, PA 19111-5094.)

2.1.2 Government drawinus. The following Government
drawinge form a part of this document to the extent specified
herein. Unless otherwise specified, the issues shall be those in
the solicitation.

NAVAL AIR SYSTEMS COMMAND DRAWINGS

3241AS401 - Hard Ballistic Armor Assembly,
PRU-61/P22P-15

3241AS402 - Hard Ballistic Armor Insert,
PRU-61/P22P-15

3241AS403 - Encasement Assembly, PRU-61/P22P-15
3241AS404 - Pull Handle, Disconnect Strap and

Retaining Strap Assemblies,
PRU-61JP22P-15
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NAVAL AIR SYSTEMS

3241AS405 -

3241AS406 -
3241AS490 -
3241AS491 -

3241AS492 -
3241AS493 -

(Unless otherwise

COMMAND DRAWINGS (Cent’d)

Hard Ballistic Armor Sub-Assembly, PRU-
61/P22P-15
Label, Identification, PRU-61/P22P-15
Encasement Pattern, Small, PRU-61/P22P-15
Encasement Pattern, Medium,
PRU-61/P22P-15
Encasement Pattern, Large, PRU-61/P22P-15
Encasement Pattern, Extra Large,
PRU-61/P22P-15

specified, copies of drawings required by
manufacturers in connection with specific acquisition f~nctions-
should be obtained from the contracting activity, or as dfrected
by the contracting officer.)

2.2 )JOn-government Publications. The following documents
form a part of this document to the extent specified herein.
Unless otherwise specified, the issues of documents which are DoD
adopted are those listed in the DoDISS cited in the solicitation .
Unless otherwiee specified, the issues of documents not listed n
the DoDISS are the issues of the documents cited in the
solicitation (see 6.2d). -

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

D 635

D 792

D 2000”

D 2584

D 3951

Plastics, Self-supporting, in a
Horizontal Position, Rate of Burning
andlor Extent of Time of Burning of
Plastics by Displacement, Specific
Gravity, (Relative Density) and Density
of
Rubber Products, in Automotive
Applications
Resins, Cured Reinforced, Ignition ,Loss
of
Packaging, Commercial

CoPies should be addreesed to the .American(Applications for
Society for Testing and Materials, 1916 Race Street,
Philadelphia, PA 19103.)

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

3. REQUIREMENTS

3.1 Qualifi cation. The hard body armors furnished under
this specification shall be products which are authorized by the
qualifying activity for listing on the applicable qualified

3
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products list at the time of award of contract (see 4.3 and 6.4).
Qualification of any one size assembly, under this specification,
will automatically qualify a supplier for all sizes specified
herein (see 1.2).

3.2 ,First article. When specified (see 6.2e), a sample
shall be subjected to the first article inspection (see 6.5) in
accordance with 4.4.

3.3 Materials and components. The materials and components
shall conform to applicable specifications, standards, and
drawinas and shall be as SDecified herein. Equivalent materials
and pa~ts require approval-by the Naval Air W~rfare Center
Aircraft Division Warminster (Code 603), Warminster,
Pennsylvania 18974-5000. Requests for use of equivalent items
shall be submitted to the Contracting
materials (see 6.7).

3.3.1 Fiberglass laminate. The
consist of a minimum of 20 percent by
polyester type unfilled resin and may
or polymers and the remainder shall be undyed fiberglass fabric.

Officer. Recycled

fiberglass laminate shall
weight of unsaturated
contain modifyinq monomers

3.3.1.1 F1ame resistance. The fiberglass laminate shall be
self-extinguishing or non-burning.

3.3.2” SDall cover. The span cover shall be fabricated
from nylon ballistic cloth conforming to MIL-C-12369, Class I as
specified in 3.4 and drawing 3241AS402.

3.3.3 pubber edainq. The rubber edging shall be fabricated
from rubber in accordance with 3AA615A14F17Z of ASTM D 2000 as
specified in 3.4 and drawing 3241AS402.

3.3.4 Encasements. The front and back encasements shall be
fabricated from ballistic aramid cloth conforming to MIL-C-43734,
Color 106 Olive Green (see .3.4.1.1).

3.3.5 Webbinas.

3.3.5.1 Front encasement assemblv webbing. The webbing for
the front encasement assembly shall be fabricated from nylon
conforming to MIL-W-4088, Type VIII, Class I, 1 23/32 inch wide
as specified in drawing 3241AS403.

3.3.5.2 Back encasement assemblv webbing. The webbing for
the back encasement assembly shall be fabricated from nylon
conforming to MIL-W-4088, Type IV, Class II, 3 inch wide as
specified in drawing 3241AS403.

3.3.5.3 Pull handle assemblv webbing. The webbing for the
pull handle assembly shall be fabricated from nylon conforming to
MIL-W-4088, Type XV, Class II, 2 inch wide as specified in
drawing 3241AS404.

4
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3.3.6 -.

3.3.6.1 Back eneasenent as mblv tawe. The tape for the
back encasement assembly shall b~efabricated from nylon
conforming to MIL-T-5038, Type III, Class II, 1 inch wide as
specified in drawing 3241AS403.

3.3.6.2 ~ et”” St
@ssembl.y. The tape for the pull handle assembly and back armor
retaining strap assembly shall be fabricated from nylon
conforming to MIL-T-5038, Type IV, Class II, 1 inch wide as
specified in drawing 3241AS404.

3.3.6.3 Quick d~s cormect straD assemblv tape. The tape for
the quick disconnect strap assembly shall be fabricated from
nylon conforming to MIL-T-5038, Type III, Class II, 3/4 inch.wide
as specified in drawing 3241AS404.

3.3.7 Ho k and Dilo e taDe.

3.3.7.1 Jiook tawe. The hook tape shall be nylon in
accordance with MIL-F-21840, Type II, Class I, 1 and 2 inch wide
as specified in drawing 3241AS403.

3.3.7.2 Pile taD e. The pile tape shall be nylon in
accordance with MIL-F-21840, Type II, Class I, 1 and 2 inch wide
as specified in drawing 3241AS403.

3.3.8 Snao fa steners. The eyelets, studs, sockets and
buttons shall be in accordance with MS27983-4, -3, -2, -1,
respectively, as specified in drawing 3241AS404.

3.3.9 MOD S1ide. The loop slide shall be in accordance
with MS51940 as specified in drawing 3241AS404.

3.3.10 Quick release stran clin and S ide release buckle.
The quick releaee etrap clip and side release buckle shall be
part numbers 627-0075 and 101-0100, respectively, of ITW
Waterbury, 952 South Main Street, Waterbury, CT 06721, Cage No.
82399 as specified in drawing 3241AS404.

3.4 ~ and construction. The hard body armor shall
consist of a fiberglass laminate component bonded to the back of
a ceramic component forming a composite armor. insert. The
exposed surface Of the ceramic component shall be covered with a
span cover. A rubber edging shall extend around the periphery
of the composite armor insert. The insert shall be placed ineide
the protective encasement. The design and construction of the
hard armor assembly shall conform to the drawings listed in
Section 2.1.2 and as specified herein. ‘

3.4.1 patterns. Standard patterne will be furnished by the
Government to the contractor for use in cutting working patterne
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(see 6.6). The working patterns shall be identical to the
Government patterns. Neither the Government patterns nor the
working patterns shall be altered in any way. Seams ehall be in
accordance with seam allowances specified in 3.4.

3.4.1.1 ComDonent Darts. The component parts shall be cut
from the material specified, in accordance with the pattern parts
in Table 1.

3.4.2 Assembly of comu orients bv bonding. All components to
be assembled shall be thoroughly cleaned of all foreign matter.
Surfaces to be bonded shall be properly prepared in a manner
which will insure a proper bond capable of meeting the applicable
performance requirements. The required adhesive shall be applied
uniformly over the entire contact areas of the components to be
joined. There shall be no evidence of unadhered areas and no
smearing of the adhesives on the exposed surfaces of the
components. When bonding the rubber edging,
extend beyond the edges of the rubber edging
3/16 inch.

3.4.2.1 Aqe and condition of adhesive.
cokqealed, or partially polymerized adhesive

the adhesive may
up to a maximum of

Old, partially
shall not be used.

Adh&ive containers to-b= r=filled shall be free of such adhesive
prior to refilling, Regardless of age or condition of the batch
of adhesive in use during a work shift, a full batch shall be
substituted at the start of the next shift.

3.4.3 cut ed.aes. The cut edges of the nylon webbing and
tapes, except for the hook and pile fastener tapes, shall be
seared, prior to the fabrication, to prevent fraying. No sharp
edges shall be formed. The cut edges of the nylon duck cloth,
except those that are completely covered by nylon binding tape,
hook and pile fastener tapes, or are completely encased by the
seam construction, shall be overedged stitched (serged).

3.4.4 Seams and stitchinq. All the seams and stitching
used in the fabrication of the hard armor shall conform to the
requirements of applicable drawings.

3.5 .Identi.fication markinqs. Identification markings for
the hard body armor and its components shall be as specified in
applicable drawings.

3.5.1 Serial numbers. The hard body armor and components
shall be identified by individual serial numbers assigned by the
manufacturer. Serialization shall be by a block of consecutive
numbers to cover the entire acquisition document quantity.

3.6 performance.

3.6.1 Visual and dimensional examination. When visually
examined as specified, the body armor component or
conform to the requirements of this specification.

assembly shall
Tables VI,

6’
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VII and applicable drawings shall be used to
enumerate the defects and any dimension that
specified tolerance shall be classified as a

classify and
is not within
defect.

the

3.6.2 p&vsical Drowerties (fiberala55 laminate component~.

3.6.2.1 R in conter&. The minimum resin content, when
tested as speci%ed in 4.8.2.1, ehall be 20 percent by weight of
unsaturated polyester type unfilled resin and may contain
modifying monomers or polymers.

3.6.2.2 Flaree resistance. The fiberglass laminate
component, when tested as specified in 4.8.2.2, shall be self-
extinguishing or non-burning.

3.6.3 Ar al d nsitY. The areal density of the body armor
inserts, witho~t sp~ll cover and rubber edging, when tested as
specified in 4.8.3, shall be 9.0 ~ 0.2 pounds per square foot.

3.6.4 &,Ui Stic resistance. The body armor insert without
span cover and rubber edging, when tested as specified in 4.8.4,
shall have a V50 protection ballistic limit of not less than 2850
feet per second with a caliber .30 AP F42projectile.

3.6.5 x mnerature extremes test There shall be no
delamination ~etween the fiberglass l~minate component and the
ceramic component or between the fiberglass plies when tested as
specified in 4.8.5.

3.6.6 End iternradioaraDh ic exa~. The completed
armor inserte, when tested as specified in 4.8.6, shall be
examined for defects specified in Table VI.

3.6.7 Adhesion of rubber edaing. There shall be no visual
separation of the rubber edging from the armor insert when tested
as specified in 4.8.7.

3.6.8 Adhesion of the sDall cover. There shall be no
visual peeling of the tab formed on the span cover when tested
as specified in 4.8.8.

3.7 M@UW@l&. After completion, the hard armor shall be
thoroughly cleaned and all loose thread, lint, and foreign matter
shall be removed. The hard body armor shall not contain any non-
specified holes, abraded areas, tears, cuts, mends, needle chews,
spots, or stains. Drill holes for the encasement shall be not
greater than 1/16 inch in diameter and shall be covered by the
components. The hard body armor shall conform to the quality and
grade established by this specification.

4. QUALITY ASSURANCE PROVISIONS

4.1
specified

~esnonsibili tv for insnectio~. Unless otherwise
in the contract or purchase order, the contractor is

7.
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responsible for the performance of all inspection requirements 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 document where such inspections
are deemed necessary to ensure supplies and services conform to
prescribed requirements.

4.1.1 ~esDonsibilitv for comvliance. All items must meet
all requirements of sections 3 and 5. The inspection set forth
in this document shall become a part of the contractors overall
inspection system or quality program. The absence of any
inspection requirements in the document 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
acceptance of defective material.

4.2. C ass”~ insuectio . The inspection
requirements specified herein are classified as follows:

a. Qualification inspection (see 4.3).
b. First article inspection (see 4.4).
c. Quality conformance inspection (see 4.5).
d. Quality conformance verification inspection

(see 4.6).

4.3 ~: Qualification inspection of
the hard body armors shall be as specified in Table II.

4.3.1 Qua lification samDles. Qualification samples shall
coneist of three hard body armors (size optional to the
manufacturer) . ‘Samples shall be forwarded to the test facility
set forth in the letter of authorization to submit samples (see
6.3). The samples shall be plainly identified by securely
attached durable tags marked with the following information:

Samples submitted by (Name) on (Date) for qualification
inspection in accordance with the requirements of
MIL-B-29604(AS) and qualification test number ( )
under authorization (reference authorizing letter).

4.3.2 Retention of qualification. The retention of
qualification shall consist of periodic verification to determine
compliance of the qualified hard body armors with the
requirements of this specification. The time and method of
periodic verification shall be specified by the activity

8.
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responsible for the Qualified Products List and shall be included
in the Notice of Qualification letter.

4.4.
inspection
Table III.

4.4.1
as soon ae
contractor

First article insnectio~. The first article
of the hard body armors shall be as specified in

First artitle samDles. Unless otherwise specified,
practicable after award of the contract or order, the
shall submit three hard body armors of each of the

size(s) specified in the acquisition document (see 6.2c). The
samples shall be representative of the construction, workmanship,
components and materials to be used during production. When a
contractor is in continuous production of these hard body armors
from contract to contract, submission of further first article
inspection samples, on the new contract, may be waived at the
discretion of the procuring activity (see 6.2e). Approval of the
first article inspection samples or the waiving of the first
article inspection does.not preclude the requirements for
performing the quality conformance inspection. The first article
inspection samples shall be furnished to the Government as
directed by the contracting officer (see 6.2f).

4.4.2 Fir t article test-report. Upon completion of the
first article i~spection program (4.4), the government activity
responsible for conducting the program (see 6.2f) shall report
the results of the tests, with appropriate recommendations, to
the contracting officer.

4.4.3 Fir t ars title sample disDosition. Upon successful
completion of the first article inspection program, sample
disposition will be as follows:

a. One sample (each size) will be returned to the
manufacturer for use in monitoring production, and

b. Two samples (each size) will be destroyed during the
first article inspection program and ehall not be
considered as part of the quantity to be delivered under
the contract.

Q alitv conf rm n in De tio~ . Quality conformance
~nspe~~~on shall consi% ~fc~he ~xa~inations and tests specifiefl
in Table IV. The samplina and inspection levels and acceptance
criteria shall conforinto-MIL-STD-i05.

4.5.1 samrLi.n9.

4.5.1.1 Inswection lots .

4.5.1.1.1 maximum 10 t size.
and examinations ehall not exceed

The maximum
one thousand

lot size for tests
(1,000).
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4.5.1.1.2 Minimum initial production lot. The minimum lot
size for the initial production lot shall be as specified by the
acquiring activity (see 6.2g).

4.5.1.1.3 Bodv armor assembly. An inspection lot shall be
expressed in UIIitS of one front or back body armor end item made
under essentially the same conditions and from the same
materiels. The eample unit shall be one body armor assembly.

4.5.1.1.4 Fiberglass laminate component. The lot size
shall be expressed in units of front or back fiberglass laminate
component. The sample unit shall be one fiberglass laminate
component. When the fiberglass laminate is molded and bonded to
the ceramic component in a simultaneous operation, the specimens
required for testing shall be cut from composite armor inserts
that have been ballistically tested.

4.5.1.1.5 ComDOsite armor insert. The lot size shall be
expressed in Units of composite armor inserts, front or back
without span cover. The sample unit shall be one composite
armor insert, front or,back.

4.5.1.1.6 Packaainq. An inspection lot size shall be
expressed in units of one fully prepared shipping container,
containing body armor assemblies, fully prepared for delivery
from essentially the same materials and components. The sample
unit shall be one shipping container, containing body armor
assemblies, fully prepared for delivery with the exception that
it need not be sealed.

4.5.1.2 SamDlinq for examinations and tests of the body
ao~. The sample size, acceptance
criteria, examinations, and tests required for the body armor
assemblies or components shall be as specified in Table II.

4.5.2 Certification of com~liance. When specified (see
6.2h), components and materials listed below may be accepted on
the basis of the contractor’s certification of compliance with
the requirements of this specification. The certification shall
be accompanied with test, inspection or other verifiable “data.
The Government reserves the right to verify the validity of the
certification.

a. That the ceramic material conforms to applicable
drawing requirements.

b. Adhesive for bonding ceramic component to fiberglass
laminate component conforme to applicable drawing
requirements.

c. Adhesive for bonding span cover to ceramic component
conforms to applicable drawing requirements.

10
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d. Adhesive for bonding rubber edging to composite
laminate conforms to applicable drawing requirements.

4.6 Qualitv conforms nce verification.

4.6.1 QUalitV co~ormance ver&fication insDection. The
quality conformance verification inspection shall be as specified
in Table V.

4.6.2 $)ualitv conform ante verification same.les. Upon
completion of the tests and examinations specified in Table IV, a
random sample shall be selected from each lot in accordance with
MIL-STD-105, Inspection Level S-3. The tests and examinations
required for the hard body armor shall be as specified in
Table V. The sample size and acceptance criteria shall be in
accordance with MIL-STD-105 for single sampling plans for normal
inspections. Each assembly, selected as a sample unit, shall be
identified by its assigned serial number (see 3.5.1) and shall be
forwarded to the inspection facility specified in the acquisition
document (see 6.2). Additionally, the serial numbers of the
units within the lot, represented by the sample units, shall be
furnished to the inspection facility.

4.6.3 Qualitv conforman ce verification aDDrova~. Upon
completion of the quality conformance verification inspection,
the Government activity responsible for conducting the inspection
program (see 6.2) shall report the results of tests, with
recommendations, to the contracting officer of the procuring
activity specified in the acquisition document. Final acceptance
of the lot from which the samples were selected shall be based
upon completion of the inspection program by the Government
Quality Aseurance Representative/Specialist.

4.7 Test eauipment.

4.7.1 ~. The thickness of the armor insert shall be
measured using a Federal Products Corporation, P.O. Box 9400, 114
Eddy St., Providence, RI 02940, deep throat type gage with
standard tips conforming to Model KP125 or KP129 or equal.

4.8 ~sDection methods.

4.8.1 V~ ea to.

4.8.1.1 biauid Denetrant and visual exam~ of ceramic
comDonent. The ceramic component shall be examined visually and
with liquid penetrant on both sides and edges, after furnace
firing and prior to application of the adhesive for bonding of
the ceramic component to the fiberglass laminate component.
Unless otherwise specified the examination shall be performed at
the Contractorss plant (see 6.2i). The liquid penetrant
examination shall be performed in accordance with Appendix A.
Defects shall be classified in accordance with the applicable
defects listed in Table VI.

11
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4.8.1.2 Visual examination of comuosite armor insert.
Visual examination shall be conducted in accordance with Appendix
B, on the face side and edge of the ceramic portion of the
composite armor insert, and on the exposed surface and edge of
the fiberglass laminate component just prior to application of
the adhesive for bonding of the span cover. Defects shall be
classified in accordance with the applicable defects listed in
Table VI.

4.8.1.3 firmor D1ate and encasement fit. The end item shall
be examined for fit of the armor plate into the encasement. The
armor plate shall ease into the encasement without effort and
close the opening securely with the hook and pile fastener tapes.
Defects shall be classified in accordance with the applicable
defects listed in Table VII.

4.8.1.4 End item visual examination. The hard body armors
shall be examined visually for conformance to this specification.
Defects shall be classified in accordance with the applicable
defects listed in Table VII.

4.8.1.5 Dimensional examination of comDosite armor inserts
pr”or to a~r. The composite armor insert
shall be examined prior to application of span cover for
conformance to the dimensional requirements specified on
applicable drawings. Defects shall be classified in accordance
with the applicable defects listed in Table VII.

4.8.1.6 ~ or thickness.
The ceramic component shall be examined for thickness prior to
bonding to the fiberglass laminate. The ceramic component shall
be uniform in thickness as specified in applicable drawings when
examined in the following manner. The thickness shall be
measured to 0.001 inch at five locations on the ceramic
component. With the ceramic component considered as divided into
four quadrants (one,for each corner ‘area), one reading shall be
taken within each quadrant. Each reading shall be taken a
minimum of 1-1/2 inches away from the edge. In addition, one
reading shall be taken at the center of the ceramic component.
All readings shall be spaced a minimum of 3 inches apart. The
five readings shall be averaged and reported to the nearest 0.001
inch as the overall average. The differences between the
greatest value and the overall average and the smallest value and
the overall average shall not be more than 5 percent of the
overall average thickness. All determinations shall be reported
with the overall average. A deep throat type depth gage
conforming to Federal Products Corp. Model KP 125 or KP 129, or
equal, with standard measuring tips shall be used for taking the
measurements.

4.8.1.7 Packaainq. Each of the fully prepared shipping
containers, containing hard
unit from the lot, shall be

body armors, selected as a sample
visually examined to determine that

12
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the packaging, packing, and marking conform to the requirements
specified in section 5 and Table VIII.

4.8.2 Phvs ical Dronerties (fiberalass laminate comDonentL.

4.8.2.1 Resin content. The fiberglass laminate component
shall be tested in accordance with ASTM D2584. Three (3)
determinations shall be made on one sample unit. An average of
the three determinations shall be made to the nearest one (1)
percent. The fiberglass laminate component shall pass the
requirements specified in 3.6.2.1.

4.8.2.2 F1 m resistance. The fiberglass laminate
component shall ~eetested in accordance with ASTM D635. The
fiberglass laminate component shall pass the requirements
specified in 3.6.2.2.

4.8.3 Ar al dene sitv. The areal density and ballistic tests
shall be conducted on the same samples. The areal density in
pound per square foot of the composite armor insert, without
span cover and without rubber edging, shall be calculated from
measurements on the composite armor insert. The composite armor
insert shall be weighed to the nearest 0.01 pound. The thickness
shall be measured to 0.001 inch at four corner locations on the
composite armor insert. Six measurements shall be made at each
corner with the first measurement taken approximately 1 inch from
the edge of the corner and the remaining five taken on a straight
line toward the center of the armor with the measurements spaced
at approximately l-inch increments. Three measurements shall be
taken at the low points of the fabric weave and three at the high
points. A deep throat type gage conforming to Federal Products
Corp. Model KP125 or KP129, or equal, with standard tips, shall
be used for taking measurements. The average of the 24 readings
shall be used in the calculation of the areal density. The edges
of the glass fiber laminate ehall be painted with a slow drying
lacquer to seal the edges. The lacquer shall be allowed to dry
(at least lj2 hour) before proceeding with the determination of
density. The average density of the composite armor insert shall
be determined by Method A-3 of ASTM D792, except the immersed
weight shall be determined to 0.01 pound and the liquid used
shall be clean tap water, containing a wetting agent if
necessary, which shall be changed just prior to examination of
each lot. The areal density of the composite armor insert
without span cover and rubber edging shall be calculated to the
nearest O.OIJlb.fsq. ft. as follows: Areal density (lb./sq. ft.)
= 5.202 x Density (g/cc) x Thickness (in.). The areal density of
the composite armor insert shall pass the requirements specified
in 3.6.4.

4.8.4 ~istic resistant t et The composite armor
insert shall be tested in accor~an~e ~ith Appendix D unless
otherwise specified. The areal density shall be reported for
each test insert. The insert having lowest areal density shall
be tested first. Each succeeding insert tested shall be the next

I 13 “
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lowest areal density. The composite armor insert shall pass the
requirements specified in 3.6.4.

4.8.5 Temperature extremes test. The composite armor
insert, less the rubber edging and span cover, shall be heated
in an oven operating at 1600 +/- 5oF for 6 hours, +/- 1/4 hour.
The test specimen shall be then allowed to cool to room
temperature followed by cold exposure at -650 +/- 5oF for 6
hours, +/- 1/4 hour. The specimen shall be allowed to warm to
room temperature (700 to 900F) and shall then be examined at
edges for evidence of delamination of the fiberglass laminate
component from the ceramic component or any delamination of the
fiberglass plies. The composite armor insert shall pass the
requirements specified in 3.6.5. Specimens that have passed the
test may be returned to the production lot.

4.8.6 End item radiographic examination. The completed
armor inserts shall be radiographically examined. Industrial
radiography shall be performed in accordance with Appendix C.
Radiography shall include the entire ceramic component area and
shall contain the same permanent marking as the ceramic
component. Radiographic films shall be made available to the
Government upon request. The radiographic equipment and
procedures shall be in accordance with MIL-STD-453, except where
noted in Appendix C. The complete armor inserts shall pass the
requirements specified in 3.6.6.

4.8.7 Adhesion test of rubber edqing. The rubber edging
shall be tested for adhesion by application of a 5 pound minimum
static shear load. The 5 pound load shall be applied to the
rubber edging using a clamp device conforming to that shown on
Figure 1. With the armor insert vertically suspended or secured,
the clamp shall be adjusted such that the contact points evenly
make contact with the top edges of the rubber edging, see Figure
1. The clamp shall not come in contact with the span cover or
fiberglass laminate surface of the armor insert. The load shall
be applied to all four sides of the back armor insert and the
front insert in the approximate center of each side. Each
location shall be tested separately and the load shall be applied
for a minimum of 10 minutes. The adhesion of the rubber ”edging
shall pass the requirements specified in 3.6.7.

4.8.S Adhesion test for suall cover. The sample for this
test may be made from an armor insert which has been tested
ballistically using an undamaged area, or a small test specimen
made identically to the armor insert with respect to surface
preparation, adhesive application, and bonding. Make parallel
cuts through the span covering 4 inches long and 1 inch apart
along the weave. At one end of the cut, make a cut at a right
angle so that a l-inch wide by 2-inch long tab can be peeled from
the armor insert. Attach a 2-pound weight to thie tab so that
the resultant peel force is normal to the plane of the armor
insert. Make gage marks on the specimen for the measurement of
the amount of peeling during the test. Allow the weight to hang

14
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for 4 hours minimum at room temperature (700 to 900F). The
adhesion of the span cover shall pass the requirements specified
in 3.6.8.

5. PACKAGING

5.1 Preservatioa. Preservation shall be level A or
Commercial as specified (see 6.2j).

5.1.1 @wel ~.

5.1.1.1 !Jnit Dreservatio~. The hard body armor insert(s)
shall be inserted in the appropriate pocket and the flaps
securely fastened. Each hard body armor shall be completely
wrapped in not less than l-inch cushioning material conforming to
type II, class B of A-A-1898 or padding conforming to type I,
grade A, class 1 or 2 of CCC-P-91. The cushioning or padding
material shall be secured with pressure-sensitive tape or by
means of cross-tying with cotton tape or twine. The inserts
shall have the respective concave sides facing the pad and be
alternately reversed top to bottom. The pad shall conform to
type CF (variety TW), class domestic of PPP-F-320. The inserts
shall be secured to the pad by cross-banding with filament
reinforced pressure-sensitive tape or by cross-tying with cotton
tape or twine.

5.1.1.2 ~termediate wreservat ion. Two hard body armors of
one size only, unit preserved as specified in 5.1.1.1, shall be
further packed flat in a snug-fitting intermediate fiberboard box
conforming to style RSC-L, grade V3C of PPP-B-636. The inside of
each box shall be fitted with a box liner and top and bottom pads
conforming to type CF (variety TW), class domestic of PPP-F-320.
The height of the box liner shall be the inside depth of the box
less the combined thicknesses of the top and bottom pads. The
top and bottom pads shall measure 1/4 inch less than the inside
length and width dimensions of the box. All void spaces around
the hard body armor ehall be filled with the same cellulosic
cushioning or padding specified in 5.1.1.1 in a manner to
immobilize the contents from movement while in transit. Each
fiberboard box shall be closed and water-proofed with tape in
accordance with the appendix of PPP-B-636.

5.1.2 Comm r ia~ Hard body armors shall be preserved in
accordance with %%1 D-3951.

5.2 ~. Packing shall be level A, B or Commercial as
specified (eee 6.2j).

5.2.1 Level A Eighteen hard body armors of one size only,
preserved as specified in 5.1, shall be packed in a snug-fitting
shipping container conforming to overseas type, style A or I,
grade A or B, type 2 load of PPP-B-601. Level A intermediate
packs shall be packed flat, three in length, one in width, and
three in depth within a shipping container. Each shipping

15
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container shall be provided with skids as specified in the
container specification. Each shipping container shall be closed
and reinforced in accordance with the appendix of PPP-B-601.
Toward the end of the contract or when there are less than the
required amount per container of the same size, mixed sizes may
be packed with the same container.

5.2.2 Level B. Eighteen hard body armors of one size only,
preserved as specified in 5.1, shall be packed in a snug-fitting
shipping container conforming to domestic type, style A or I,
grade B, type 2 load of PPP-B-601. Level A intermediate packs
shall be packed flat, three in length, one in width, and three in
depth within a shipping container. Each shipping container shall
be provided with skids as specified in the container
specification. Each shipping container shall be closed and
reinforced in accordance with the appendix of PPP-B-601. Toward
the end of the contract or when there are less than the required
amount per container of the same size, mixed sizes may be packed
within the same container.

5.2.3 Commercial. Hard body armors, preserved as specified
in 5.1, shall be packed in accordance with ASTM D 3951.

5.3 Marking. In addition to any special marking required
by the contract or purchase order (see 6.2k), intermediate packs
and shipping containers shall be marked in accordance with
MIL-STD-129 or ASTM D 3951, as applicable.

5.3.1 S~ecial marking. Each intermediate pack and shipping
container shall be provided with fragile labels in accordance
with MIL-STD-129 and in addition, the top panel of each package
and container shall be printed or stenciled in black ink with the
following legend:

5.3.2 Labels. mixed sizes. Each shipping container packed
with mixed sizes shall have securely attached to the end and
side, directly under the printing or stenciling, a white paper
label 5 by 4 inches with the words NMIXED NSNSU plainly stamped
or printed thereon and under these words shall be legibly printed
the correct quantity of NSNS contained therein.

6. NOTES

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

6.1 Jntended use. The hard body armor covered by this
specification is intended to be worn by helicopter aircre~en to
provide small arms ballistic protection.

6.2 Acquisition requirements. Acquisition documents should
specify the following:

16
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a.

b.

c.

d.

e.

f.

9.

h.

i.

j.

k.

1.

Title, number,

MIL-B-29604(AS)

and date of this specification, hcludhq
any amendments.

Applicable drawings, including revisions.

Quantity and size desired.

Issue of DODISS to be cited in the solicitation, and if
required, the specific issue of individual documents
referenced (see 2.1.1 and 2.2).

Whether first article inspection is waived (see
4.4.1).

Name and address of the firet article inspection facility
(see 4.4.1); and the name and address of the Government
activity responsible for conducting the first article
inspection program (see 4.4.2.)

The”minimum lot size for the initial production lot (see
4.5.1.2).

Whether cert
4.5.2)

Mcation for

fication of compliance is required (see

testing of liquid penetrant on the ceramic
component (see 4.8.1.1).

Selection of applicable levels of preservation and
packing (see 5.1 and 5.2).

Whether. any special markings are required (see 5.3.1).

Items of data required (eee 6.3).

6.3 Consideration of data reauirements. The following data
requirements should be considered when this specification is
aPPlied on a contract. The applicable Data Item Descriptions
(DID’s) should be reviewed in conjunction with the specific
acquisition to ensure that only essential data are requested
provided and that the DIDIS are tailored to reflect the
requirements of the specific acquisition. To ensure correct
contractual application of
Requirements List (DD Form
data, except where DOD FAR
requirements for a DD Form

I!yy.yh RUN umbe~
. . DI-NDTI-80809

4.5.2 DI-E-2121

the data requirements, a Contract Data
1423) must be prepared to obtain the
Supplement 27.475-1 exempts the
1423.

PID T itle
Test reDorts Use contractor

format
Certificate of Use contractor
Compliance format

17 “

Downloaded from http://www.everyspec.com



MIL-B-29604

The above DIDIS were those cleared a

AS)

of the date of this
specification. The current issue of DOD 501O.12-L, Acquisition
Management Systems and Data Requirements Control List (AMSDL),
must be researched to ensure that only current, cleared DIDIS are
cited on the DD Form 1423.

6.4 Q lification. With respect to products requiring
qualificati~~r awards will be made only for products which are,
at the time of award of contract, qualified for inclusion in the
applicable Qualified Products List whether or not such products
have actually been so listed by that date. The attention of the
contractors is called to these requirements, and manufacturers
are urged to arrange to have the products that they propose to
offer to the Federal Government tested for qualification in order
that they may be eligible to be awarded contracts or purchaee
orders for the products covered by this specification. The
activity responsible for the Qualified Products List is the
Commander, Naval Air Systems Command, Department of the Navy,
Washington, DC 20361; however, authorization for qualification
of products may be obtained from the Commanding Officer, Naval
Air Warfare Center Aircraft Division Warminster, (Code 6031),
Warminster, PA 18974-0591.

6.5 First article. When first article inspection (see 3.2)
is required, the contracting officer should provide specific
guidance to offerors whether the item(s) shall be first article
sample, a first production item, or a standard production item
from the contractor’s current inventory, and the number of items
to be tested shall be as specified in 4.4.1. The contracting
officer should include specific instructions in acquisition
documents regarding arrangements for examinations, approval of
first article test results and disposition of first articles.
Invitation for bids should provide that the Government reserves
the right to waive the requirement for samples for first article
inspection to those bidders offering a product which has been
previously acquired or tested by the Government, and that bidders
offering such products, who wish to rely on such production or
teet, must furnish evidence with the bid that prior government
aPPrOval is presently appropriate for the”pending contract.
Bidders should not submit alternate bids unless specifically
requested to do so in the solicitation.

6.6 patterns and drawinas. For access to patterns and
drawings, addrees the acquiring activity issuing the invitation
for bids.

6.7 Recycled material. It is encouraged that recycled
material be used when practical as long as it meets the
requirements of this document (see 3.3) .
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6.8 Subiect term (kev word ) listing.

Aircrewmen protection
Ballistic protection
Ceramic
Helicopter aircrewman
Protection, projectile

Preparing Activity
NAVY-AS

(Project No. 8470-N157)
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FIGURE 1. clam~ for application of weiaht in m-eforminq
rubber edaina adhesion test. aircrewman’s
bodv armor.
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NOTE
MEASUREMENTS 10 BE TAKEN TO THE NEAREST 0.01 FOOT

FIGURS 2. ~ sties facilitv lavout .
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FIGURE 3. Ballistic test samDle for markina.
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Ins?ec:ion I Mechcxi

I
Visual j c,s,~.1
examination “A-

4.8.1.4
and

4.8.1.6

Dime2siom 4.8.1.5

(percent! !
Flame

I 4 .8.2.2
zesis:%?ce

L-eal 4 .8.3
5e.nsLCY

i.

r~eratu=e i 4.8.5
ax:zemes
:es: I

I
tadiogzapkic ! 4.8.5

Sample Size

IWeq cezamic
component SI@
composite a.mor
inser: for the
critical ant? minor
defeczs

Inspection level II
Al foz hazd body
amo=s (end item)
Irspec:ion level S-

ciefecx
inspec:i on level H

Inspection level S-
1 Al

Snspec:ion level S-
1 II

Acceptance
Critezia

Reject all w.izs
wick any critical
defeczs or fouz
minoz defects 21

An accepcabie
quality level of
4.0 defects pez
hun&-ed units
An acce~table
quality level of
4.0 tiefects ?ez
hun&-ed units
Rejecz all U.its
with. a-y c=icical
defec: oz fou=
minor defeczs 2/
Acceptance munbez
zezo, =ejec:ion
number 1
Accepc&~ce munbez
zero. zeieciim
number 1
An acce?:able
wa~~ty lev,a~ of

6.5 defeccs per
hun~~eti units
An acceptable
quality level of
6.5 dezeczs >ez
hun&-e6 ur.iis
An accepcabl’e
quality- levei of
6.5 defeczs ger
hunL-ed units
Rejecc a12 units
wi:h a~y cri:ical
defects oz tk-ee
ninoz defects

2s

Downloaded from http://www.everyspec.com



KIL-E-29604 (AS)

25

Downloaded from http://www.everyspec.com



KIL-9-29604 (AS)

T.WLZ V. R ( <cc= 4.6 ).

hsnec: ior. I He rhod I SSmole Numbez

VisueL examination I 4 .8.1.1 -
I

Eve-ryAssembly
4 .8.1.4 and

I <.8 .1.6 I
Di.mezsions 4.8.1.5 Every USemblv
Liquid pene czant 4 .8.1.1 I Everv Assamblv
Resia contenc / 4 .8.2.1 l%ery Assembly
(percent) l--
Flame =esistance 4.8.2.2 Pvery Assembly
&-eal densiw 4.8.3 I Eve-w Assembly
Ba~~is:i= 4.8.4 Every Assembly
zesis:.ence tes: I I
Temge:acxre 4.8.5 I Everv Assemblv
ex:nmes test I l--
RaEogra?hic I 4.8.6 Every Assembly
axemiaation (end
item), +~c~a~

moauccioz 10C I
RaEogzagnic I 4.8.6
axar.ha:ion (end

~ Every Assembly

mall cove= I I
?ackacbc 4 .8.1.7 I .Wery Assemblv
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De?eci Critical I I.finoz

:XW+MIC COX?ONEN’T

3. Sdge czack (filled o= U.nfilleti)
greatez than l-i/2 inches in length
and t>~ougk thickess of plate Zl,
&/, lJy

3. Edge crack (unfilled) greate= than
3/4 inches in lengzh and not throu9h
thiclaess z), ‘~1, Z;, U/

:. Edge c=ack (U.niiiled) less than 3/~
inches .ifilength .?J~5Chr0u9h
thickness Zl, k{, 5;, M/

x

Kv-

E. my c=acic (filie~] ochez :han edge
c=ack anti ovez 2/2 inch in lengt”n Z,

(i).Ti-Qe& o= less sack defeczs in any
2 ixh ~iamecer circle ~~ywne=e on
ths slate whose combiae~ length-,
wher. measureci 5rom end cc end ix a
s:re.igh: line, is greate= than 1
l~nea= inch

(2) Four or more such Ciefec:s
zegazdless of lengzh i-n any 2 i~c~~
diameter cizcle anywheze on the
plaze

x

x

x

x

m
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?’ABLz VI . ts +=~r ~.qe ~<=u al Sm5-.:
09.Yaa ir ..= -

exanun~ . . --.. 0- ,h hz-~ bO&/ CJXUKK - Continued ~!

Defect

i. Silicon rich area - eve= 0.2 inch2
(1/2 &Lzunezez circle) Pez any 2 inch
diametez cizcle 4/, ~i, al, ~1

j. Any inze~l voi~ or U..fiiled azea
greace= tna~ 0.2 inch2 pe= any 2 inch
diamete= circle $/, U!i, U/

k. Pit gzeatez th~-.:

(~)

(2)

(:)

(4)

L? tieptiiu/

Xivele: eve= 1-1/2 inch is length ~1.
2.X

Z6ae cl+a on either suzface .bevond
1/6 -irich outer bounda~:

(2)

(2)

(3)

Greatez than 3/8 inch in any
latezal direc:iofi ix: not more
tha? 3/4 inch and 1/16 inch or
less k deptk ~1, ~/

Greacez ~l~? 3/4 iach ix any
lace=al riizection an~ l/i6 ~nck oz
less in aepth 2/, ZI

Greacez than 1/16 inch in depzh
buz not more th=. 1/8 inch ~1.

Critical

x

x

x

x

x

x

x

nine=

x

x

,x

x
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------ , ---.--.--- -------

(4) Greater than 1/8 inch in depth x
Q/, Sf

n. E@e chip on either ,surface within x
the 1/8 ,inch outez boundary g=eatex
th~~ 3/16 inch in tieptti&Q/, 3/

o. Sczatch or gouge:

(11 0.030 to 0.G50 inch in depth 5/, x.
5/, .ui! 3/

(2) Gzeztez th=. 0.060 inch in oepth x
Q/, u/

P. Pay menti oz patch U/, Ul, 2.31 x

q. MszkinGs (secid number) omitted, noc x
Loczteti 0= app2ie2 es speci:ied U/,
z], UI

x
F13ZXGLASS LAMINATE COMPONZNT

2. Any delamination from che ceramic
componenz 3/, LLi, .UI

b. ~osed f?DeZS 0> edge .l.QI x

c. -Y blister, czack, torn fabric, x
Czzzing, aents oz surface roughness
Q/, ~/, ~/

d. Any delamination of Fiberglass plies x
U/, U/, UI

Al XaEiogrsphic examination sndl be per forqed using the
composite armo= i~.seri.

~/ Erige czacks are clefinea =s chose within the 1-112. inch
boundary a=ound the peziphery of the ceramic component.

31 Czacks othex than ecige cracks are defined as those beyond
the 1-1/2 inch edge boundaxy or those that stare within the

3C
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Foz ~ .a~~og=a3h~c exm,inat~on ~~:he. >u.~oses 0. -
iacerpre:acior., the follotriag definitions or descriptions
shall apply (see 6.8) :

~~,. well-de;ine~ line o: lines having sharp te-minal
~ohcs irkicating a break iz che ceramic material.

Sh&Vly defined
wevy oz i=regular line oz lines usually less than 3/4 inch
in leng-tiloccuzzing within che cezemic me:ezial end
indicating an internal ~isconcincicy.

Round OZ elongated,
smooth. ehge~. dark SPOCS occuzzin5 intiivi~ually oz rendom~y
distzikmtea with.ir.the cezamic ma:e=ial .

S2Q2&fi. Da=k local ize~ area oz azeas occczzing within the
ce=amic ant! in~icazirig low cezamic density oz high pozosity.

>2: suck?sc=face r.iaaz tiefeczs so identified in the visual
EC>E liq-cid penee==nc exam.i?ia:ionsshall be desc=ibed,
locace~, an~ anocaced so iki they will not be idencifie~
as L-nzeaal vcids o= ur.filie5 a=eas (defec: h) Wh- -d if
:he ce=emic comgonen: is stijeczed co =adiog=aphic
exexr~~acion.

ACy zwz minoz defec:s oa the suxfaces of :he ceramic
conpoae~z, excep: wizhi.. the 1-1/2 inch edge bou?da-~, less
thar 3/8 inch ap.z=z shall be classified as a major defec:.

Ap?lies co boron cazbitie/s:--.7 (con carbidejs~licon type Ol?ly.

Applies to boron cazbiae t~e only.

Applies :0 all classes of ceramic.

Does ao: apply to licraid penezzant examitiacion.

Applies only to rac?io~raphic examination.

Does not apply to zatiiogzas>.ic examinacior..
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m...,.. : -- I l-$- $-,.+-Q,,-., c -= .=-.

Span cover Cut, hole, tear or.“abraded arez
tiy wrinkle o= crease
kny mend or patch
-Y areas no= bonded co ceramic componenz

exceeding 1/4 inch in longest lateral
tiizectior.

Rubiier eci5ing Not coa:inuous
Wy Eimensioc on heigl~t of etiging, size arxi

depth of ccc-outs ac radii points, or s?ace
becweec buzzed ends exceediag =equireme~ts

To=. or cut except wneze Pe-ttee
Does not ovezlap peripheral edge of zrmoz as

specified
Lny aze~ OX non-adhe+ence in excess of 1/2 inch

tie%21F oz Tz>e ~~y cut ecige not seared oz any siiarp e@e
f~~ed by zhe seazing

?ab:ic &ry hoie, CUC, tea=, kmash, O= bzo-kex O=
missio~. ya=n

.@, &zasLoz mark
xis~lace~, no: serving the interuie< purpase

?ast=ae= tape, tiy C.JZ, hole, oz tezz missing hoaks
zook a.-d ~ile :<00.Ks flattened

*m. seams g-e ts asu5 inc~uding 1/2 inch
:nan 1,”2 inch

~Qq.~; A seam shall be classifie~ as an o>ez
seam when one or more stitches joining a seam
aze broke~., or’ when two oz more consecs~zive
s.kigpetioz nmoff stitches OCCCZ.

?un-offs (see
~pen seams)

Raw edges .Mo=e :}Jm I,,,Qinch Wnen secu=ely caughc i:.

(except where s:i:ching
requi=ed )

NOTE : Raw ecges not securely caughz ir.
stitching Shali be classified as open seams

Seam ad stitch ~Yro2: seam oz stitch twe

tw e

32
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-EUU,. uerec~

Stitching Loose, Zesulting in loose bobbin or top tk.cad;

tight , Zesultixg in tightness oz puckering Of

fabric on seams

Stitches >ez One stitch less than minimum specified
inch Two or more stitches less than minimum

specifie~
One or more stitches in excess of maximum

specifieti

NOTE : Vezi=zion i= the numbez of stitches ?ez
inch cause~ by opezator speeding up the
machine an~ pulling the fab=ic in order co
sew eve= heavy places, oz in tu~.ing cornezs
shall be classified as follows:

(a) within the mine= B defec:
ClzssiEica:ior. - no defecz

(b) k“ith.~? the minor A defec:
~~ass~f~ca :~o~- - Ftior 3 defecz

;:icchi?~ Not as s>eci:iec?
nezgins ,
;titchfig gage

;ti:cF.Llg &ads Not “Dackszitcned as specified, except where
ends are cw~ed ~Tder in a hem oz held down
by ocne= siiichiz~

~es s &L=. five cyi.ng, overlapping, Or
backsciect.ing it czoss box sti:ching or W-W
s:itchinG (wherm pe=forme~ or. aucometic
mechirie )

‘bread breaks On stitchins othez LlarI W-W stitchins,
wezs:itched less than 1 inch in each
dizeczion beyonE ciefeccive stiicking azea

on w-w S:ic thing, ovezscitcheti ices then 1/2 ‘
h c:-.ix eacn *Lzeczion beyon~ che defeczive
sti:chins azea

NOTE :
Th-ea~ bzeaks no: backsci:ched shall be

classified as opcm seems

33
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TA9LE VII. Ezlc- item visual ~eGect= - Concinueti

=..--: -A n.+a ---
lL-A~LLL., LC “=.GG.

Stitching rows One or more requized rows of stitching omitted: ;
seriously affec:ing semiceability
affeccing semiceability but not seriously

“h’” stitching Iieight of “w” stitchiag less :han specified by
more t;h~-.1/8 inch

Components and 7+.nycom>onent or requized operation omitted
assembly (ur.less othe=ise classified herein)

Needle chews
Seams pleated or badly puckered
Mends, tia~.s, or patches

Hems Less thee-.specified width on hems required to

IL~Y~~~~ss WW ~/+ inchpec:rled width by more th~~ 1/8 inch
on hems zequized :0 finish 3;4 inch- or mozeI

,.
Ba.z=acics 1One o= mo=e bartacks. omitted

Amy bazzack not as specifie~ oz not in
~ yec~sie& locatiOn

Reinforcements ou.~tzec or dislocated

Mzzking Omittefi, Lacozzect, illeg~Dle, misplaced, or

size C: characters not as specified

Insz-~ction .~titted, illegible, misplaced, or not type and
label I class speci:ied

Cleanness Grease oz oil stains clearly noticeable
Adhesive smeared on span cover or rubber

caging (except where allowable)

Cocst=ction ?my co~onent missing or not assembled as
ark workmanship spec~zzeci (unless otherwise classified

here in)

itiC~.ti5icaci0r. Nor S.S sgecified. missing, of improper size, or
maz-Kings ilieGi~le
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—--- . . --- b--

-w” stitching Height of ‘X” sc izching less than specifies by
more than l/8 izch

Cowonents anti Any co~onezt or =ec&ze* operation omitted
assembly (unless oc!her~ise classified herein)

Needle chews
Seems pleated or kadly puckered
Xends, dams, or gatches

Eems Less than specifie~ width on hem-s=equize~ :3
finish less t!han3/4 inch

Less than sgecified wi~th by more tha-. 1/8 ~?c~
on hems zequize~ to fi~ish 3/4 i~.ch oz nore

Bartacks One or ino=e bartac.ks otitted
Any baztack not as speciZieti oz not is

specifie? location

Rei..forcements Cmitted ox misloceced

w-king Omitted, iz.co~ecz, i~~egib~e, misplaced. or

size 05 ckaraccezs not as speci5ie6

inat~action (lnit:e.i. illeqibie, nisplaceti, oz ~oi c:~e %Te
label class s;ecifie~

Uesnness Grease or oil stabs clea=ly nociceabia
“ Adhesive sraeared an span covez or rtikez

ec?g:ng (excepc where allowable)

~onsemction Any ca~cnamc missing or noc assemb”leci as
and workmanship specified (unless othev~ise classi~ied

he=ein )

[identification Not as s~ecified, missing, of Lnpropez size, o=
narkings illegible
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TABLE VIII. Packaaina examination

~ami~e !
Defect

4arking
~Eted; incor=ect; illegible; Of imro~er

(exterior and ~ize, location, sequence, Or method of

interior) application

!faterials .-y cgmponent missing, dama9ed, or not =
speci?ied

workmanship Inadequate application of components such as:
incomplete closure of container flap, loose
stzappir.9, inadequate stapling, or LWroPez

tapinq. Buldge< or tiistorte~ contaize:

Content
N-.s= per container is more or less th~

soeci~ied
I

!-
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APPENDIX A

Li~ id Penetrant Requirements for the Examination of Ceramic
J30dvArmor ~serts

10. SCOPE

10.1 a. This appendix details the liquid penetrant
inspection nrocess to be used for the examination of ceramic bodv_–.—= –—— ..—
armor materials. This appendix
specification. The information

is a mandatory part of the -
contained herein is intended for

compliance.

20. APPLICABLE DOCUMENTS

20.1 Government documents.

SPECIFICATION

MILITARY

MIL-I-25135 - Inspection

20.2 Other nublications.

AMERICAN SOCISTY FOR TESTING

Materials, Penetrant.

AND MATERIALS (ASTM)

ASTM E165 - Liquid penetrant inspection

30. REQUIREMENTS

30.1 APPli cation. Liquid penetrant inspection is applicable
for the detection of surface discontinuities and shall be
performed prior to radiography.

30.2 ~ouiPment. The equipment required shall
performing uniform controlled operation using ASTM
procedures Al and B3 per ASTM E165.

be capable of
test

30.3 penetrant mat erials. For procedure Al per ASTM E165,
Magnaflux ZL-17B penetrant shall be used for procedure B3 per
ASTM E165, Magnaflux SKL-HF penetrant shall be used. Equivalent
materials complying with MIL-I-25135 may be used.

“30.4 Test metho~. The test procedures ak outlined in ASTM
E165 (procedure Al for silicon carbide, high purity and modified
boron carbide and procedure B3 for aluminum oxide) shall be used.
All discontinuities detected shall be marked for further
evaluation or disposition. A ten power magnifying lens with or
without illumination shall be used as necessary to assure
accurate detection of indications.
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APH?NDIX B

~
body armor inserts

10. SCOPE

10.1 scoDe. This appendix details the visual inspection
process to be used for the examination of ceramic body armor
materials. This appendix is a mandatory part of the
specifications. The information herein is intended for
compliance.

20. APPLICABLE DOCUMENTS. This section is not applicable to
this appendix.

30. REQUIREMENTS

30.1 ?+IJDlication. visual inspection is applicable for the
detection of surface discontinuities and shall be performed prior
to any other nondestructive test.

30.2 Eauivment. The equipment for visual inspection shall
consist of the following items:

a. Suitable work bench.
b. Ten-power magnifier.
c. Suitable lighting (can be part of magnifier).
d. Marking pens or crayons.
e. Scales or graduated magnifiers for recording

diameter of flaw.
f. Suitable gage for measuring depth of flaw.

30.3 Test method. Each ceramic insert shall be carefully
examined visually using ten power magnification where necessary.
Flaw type indications shall be identified and measured. All
discontinuities detected shall be marked for further evaluation
or disposition.
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APPENDIX C

Rad ioarawhic reauirements for examin ation of ceramic
~odv armor inserts

“1O. SCOPE

10.1 -. This appendix details radiographic inspection
process to be used for the examination of ceramic body armor
materials. Thie appendix is a mandatory part of the
specification. The information contained herein is ingended for
compliance.

20. APPLICABLE DOCUMENTS

20.1 Governm ent documents.

SPECIFICATIONS

MILITARY

MIL-R-11470 -

procedures

STANDARDS

30.

MILITARY

MIL-STD-453 -

REQUIREMENTS

Radiographic inspection: Qualification

of equipment operators and

Inspection, Radiographic

30.1 *Dli cation. Radiographic inspection is applicable for
the detection of internal discontinuities in ceramic bodv armor
inserts and concurrently providing a permanent and ready-future
reference of internal conditions.

30.2 ~. Equipment for radiographic inspection shall
consist of the following items:

a.
b.

::
e.

f.

9.
h.

150 kv X-Ray Equipment.
Transmission Densitometer.
Penetrameters and Stepwedges.
Fine grain film and film envelope.
Lead letters and numerals for X-ray filmjpart
identification
Sheet lead lj8 inch thick to conform to ceramic
armor insert.
High intensity radiographic viewer.
10X magnifier and film processing fat.
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30.3 Test Method. Unless otherwise specified, all
radiographic test equipment and procedures shall conform to the
requirements of MIL-R-11470 and MIL-STD-453. When other
inspection methods are used in addition to X-ray, the X-ray
inspection shall be performed prior to more expensive methods and
subsequent to less expensive methods. Parts or material showing
evidence of inadequate visual or penetrant inspection or parts
not in a suitable condition for radiographic inspection shall not
be inspected unless properly prepared and recycled.

30.4 J7adioclraDhidentification. Each radiograph shall be
permanently marked with the name of the test,laboratory, ~-ray
control or test number, part serial number, lf any, and view
number. All identification markings shall be outside of the area
being inspected whenever practical. Each radiograph envelope
shall contain no more than 12 radiographs and shall list plate
serial numbers of the radiographs contained therein. Each
envelope shall also bear a rubber stamp image outlining exposure
factors and technique employed.

RADIOGRAPHIC TEST RECORD

Date Material Thickness

Kilo Voltage M.A EXP . Time

Film Type Screens

FF Distance Equipment

H&D Density No. Of EXP.

Remarks

30.5 RadioqraDhic Coverac!e. Two radiographs, each
representing at least half of each ceramic plate, shall be made
to effect 100 percent radiographic coverage. In order to avoid
image distortion, each exposure shall be made with the ceramic
plate angulated or propped so as to be as normal as possible. to
the X-ray beam.

30.5.2 ~adioq rauhic technique. A standard X-ray technique
for each ceramic material and type or design shall be established
subject to the approval of the procuring agency. All radiographs
shall be in the H&D density range of 1.5 - 2.2 + 0.20. The
radiographic quality level shall be 2-2T. Radiographic
equivalence SyStemS shall be permitted using stopwedges and
penetrameters exhibiting the same radiographic attenuation
properties as ceramic armor materials. The suggested X-ray
techniques for high purity boron carbide ceramic armor materials
and composites shall be as follows:

ceramic plate only - 50 kv, 15 Ma, 40’’FFD, Z’o”, Kodak M, Ns
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Complete Composite - 70 kv, 5 Ma, 40’’FFD, 1’45”, Kodak M, NS

The suggested X-ray techniques for modified boron carbide
ceramic armor materials and composite shall be as follows:

Ceramic Plate only-60 kv, 18 Ma, 40’’FFD, 1’50”, Kodak M, NS
Complete Composite-70 kv, 15 Ma, 40’’FFD, 1’35”, Kodak M, NS

The suggeeted X-ray techniques for silicon carbide ceramic
armor composites shall be as follows:

Complete Composite-80 kv, 10Ma, 40’’FFD, 1’30”, Kodak M, NS

The suggeeted X-ray techniques for aluminum oxide ceramic
armor composites shall be as follows:

Complete Composite-80 kv, 10 Ma, 40’’FFD, 1’30”, Kodak M, NS

Penetrameters shall be placed so as not to obscure X-ray
images. Penetrameter holes and outlines shall be as specified in
MIL-STD-453.
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APPENDIX D

Ball istic Test

10. SCOPE

10.1 ~. This appendix details the procedure to be used
in determining the ballistics resistance of ceramic faced armor
materials with caliber .30 AP M2 projectiles. This appendix is a
mandatory part of the specification. The information contained
herein is intended for compliance.

20. APPLICABLE DOCUMENTS

20.1 Government documents.

DRAWINGS

Frankford Arsenal

C6138195 - Bullet

30. REQUIREMENTS

30.1 Eauiument. Equipment for ballistic testing shall.
consist of the following items:

a. Gun Mount - The gun mount shall be suitable for firing
the caliber .30 gun to muzzle velocity of at least 3000 ftfsec.

b. Test Sample Mounting - The armor test sample shall be
mounted in a frame which is suspended from overhead by means of
steel cables and wires.. The eample shall be secured in the
vertical position perpendicular to line-of-flight projectile,
using quick release clamps. The frame su-pports and clamps must
be capable of retaining the sample withstanding shock resulting
from ballistic impact by caliber .30 AP M2 projectile (kinetic
energy approximately 3500 ft. - lbs.) on the test sample. The
test sample mounting shall be capable of adjustment for moving
the eample in the vertical or horizontal directions so that the
point of impact can be located anywhere on the sample, and
rotation on the vertical axis so that zero degree obliquity
impacts can be achieved anywhere on the sample.

c. Weapons - A caliber .30 weapon shall be used.

d..Projectile - The projectile to be used is the caliber
.30 AP M2 standard service projectile (bullet) conforming to
Frankford Arsenal Drawing C6138195.

e. Witnees Plate - The witness plate shall be a 2024-T3
or 2024-T4 aluminum alloy sheet, 0.020 inch thick and shall be a
minimum of 11 inches by 14 inches in size.
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f. Velocity measuring equipment.

1. Chronograph - an electronic counter type
chronograph measuring to the nearest microsecond or as a minimum
to the nearest 10 microseconds.

2. Detectors - Either high-velocity luminline screens,
or electrical contact screens which either open or close an
electric circuit by passage of the projectile through the
detector. Contact screens may consist of metallic foils
separated by a thin insulating layer, or may consist of a circuit
printed on paper with the circuit spacing such that the
projectile passing through the screen will “break” the circuit.

9. Propellant - Any propellant which is standard for the
weapon may be used, however, when other than a standard
propellant is used, extreme care must be exercised in selecting
the charge weight. A projectile velocity - propellant charge
curve for the weapon shall be determined before any testing is
performed. Thie curve is required to provide a basis for
selecting a powder charge to achieve a desired velocity. It iS
recommended that the propellant storage and weighing area be
maintained at 72° +~- 5°F and 50 +/- 5 percent relative humidity.

30.2 Set-uD. The required set-up for the ballistic
equipment is shown in Figure 2.

30.3 Pata sheet. Data sheets shall be provided
contain the following information:

and shall

$
c.

d.
e.
f.
9.
h.

~:

1:
m.

n.

o.

P.

Item document number.
Material description (includina nhvsical
characteristics-if required). “ “ “
Material identification number for each test
sample.
The areal density of each test sample.
Temperature and humidity of the test facility.
Date.
Personnel conducting test and any witnesses.
Weapon used.
Projectile used.
Projectile weight, grains.
Type of propellant.
Weight of propellant for each shot, grains.
Impact velocities used in computing Vm$s with
highest partial penetration, lowest complete
penetration, range (spread), and velocities of
rounds all being listed.
Witness plate characteristic, partial or
complete.
Calculated ballistic limit (Vm).

Any remarks pertinent to the conduct of the
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test, or behavior of the material.

30.4 procedure.

30.4.1 Markina, samples. Areal density must have been
previously determined on the test samples before they are tested
ballistically. Each test sample will be marked in the followinq
manner: (Se= figure 3)

a. The approximate center of the test sample will be
located.

b. From the center of the test sample, a line is drawn
the cent–e; of the bottom of the test samrJfe.

to
-..—

c. From the center of the test s~mple, lines are drawn on
both sides of the test sample to the nearest edge portion of the
test sample. (see Figure 3)

d. ‘l’heupper area is marked A, the lower right area B,
and the lower left area C, respectively.

e. The first test sample will be impacted in area A, the
second test sample in area B, “and the third test sample in area
c. Each successive test sample will be fired in the same order,
i.e. area A, B, and C. Only one shot will be fired in each test
sample. All shots shall be fired at the approximate center of
the area to be impacted.

30.4.2 Velocitv. projectile. A test round will be fired
through a witness plate to determine the exact position of
impact. Three additional rounds shall be fired using the
appropriate projectile velocity - propellant charge curve for the
weapon being used, and selecting propellant weights to achieve a
velocity of approximately 2850 ftjsec. The last three of these
rounds shall be within the range of 2850 to 2900 ftfsec
(hereinafter designated the “reference velocity”). If it is not,
additional rounds shall be fired and the projectile velocity -
propellant charge,.curve corrected until reference velocity is
achieved. The propellant charge for the last warm-up round shall
be considered the reference charge for the test. From the curve,
the increments to and decrements from the reference charge for
the test. From the curve, the increments to and decrements from
the reference propellant charge to yield approximate velocity
changes at the reference velocity of 100 ft~sec shall be
determined and recorded. These. shall be the only increments used
during the test. The reference charge and propellant increments
and decrements may be redetermined between tests whenever
difficulty is experienced in completing the last test. The
entire procedure must then be repeated. All reference
velocities, and propellant charges, and increments and decrements
of propellant weights developed for a test or utilized from a
previous test shall be recorded. All the records for the
procedure shall be recorded with the test that immediately
follows. This procedure must be repeated for succeeding tests if
the weapon has not been fired within two hours previous to the
test.
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30.4.3 Mountina. samnle. The sample will be mounted as
specified in.30.1 b, Test Sample Mounting. The point of impact
will be located on the test sample as specified in 30.4.1 and
will be positioned to line up with the previously determined line
of flight. The point of impact is now checked for obliquity.
The obliquity shall be O +/- 5 degrees. The angle of obliquity
is determined by the angle formed by a perpendicular to aplane
tangent to the point of impact and line of flight of the
projectile. The obliquity can be determined by any suitable
method, however, it is important that the obliquity is determined
with respect to the line of flight, and not any other reference.
Once the point of impact has been determined on the test sample,
and the obliquity fixed, the gun and velocity screen distances
must not be changed until the test has been completed.

30.5 l!estinq.

30.5.1 Test, ballistic. The first round shall be loaded
with the reference propellant charge and fired into the sample,
and the reading on the chronograph recorded. The velocity shall
be computed and recorded. The witness plate shall then be
examined for penetration. A complete penetration is recorded
when the witness plate is held.up to a light and any penetration
is noted, regardless of what has penetrated the witness plate.
If no light is visible through the witness plate, a partial
penetration is recorded. If the first round fired yields a
complete penetration, for the second round use a propellant
charge equal to that of the first minus the propellant decrement
of 50 to 100 ftJsec in an attempt to obtain a partial
penetration. If the first round yields a partial penetration,
use a propellant charge for the second equal to that of the first
complete penetration. A propellant increment or decrement, as
applicable, forat least 50 ftlsec should be used until one
partial and one complete penetration are obtained. After
obtaining a partial and complete penetration, the propellant
increment or decrement for 50 ft/sec should be used. continue
firing using this up (on a partial penetration) and down (on a
complete penetration) method until at least 3 complete and 3
partial penetrations having a velocity spread not greater. than
125 ft/sec is obtained (see 30.5.2). This up-and-down method
firing must be followed in order to achieve an acceptable
ballistic limit (Vw). No further testing shall be conducted on”
the sample unit as soon as this condition has been achieved. A
V% protection ballistic limit shall be determined from single
round fair impacts on each of at least 6 complete armor inserts
of the ballistic sample unit. A fair impact results when an
unyawed Projectile strikes an unsupported area of the ballistic
test plate at least 1 lj2 inches from the outside edge of the
ceramic component. (The impacted area shall contain no belts,
buckles, webbing, etc.)

30.5.2 Calculation of ballistic lim~. The ballistic limit
(Vm) is calculated by taking the arithmetic mean of the 3 lowest
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producing complete penetration and the 3 highest
producing partial penetration, provided the velocity
the 6 rounds is not areater than 125 ftlsec. If,

a~ter all samples in the sample-unit have been tested and it was
not possible to obtain the 3 lowest velocities for complete
penetrations and the 3 highest velocities for partial penetration
within a spread of 125 ftfsec, then the ballistic limit (Vm)
calculation shall be based on one of the following two
alternatives. First, the 3 lowest velocities for complete
penetration and the 3 highest velocities for partial penetration

within a spread of 150 ftjsec; and second, if the firet
alternative cannot be applied, the 2 lowest velocities for
complete penetration and the 2 highest velocities for partial
penetration with a 150 ftjsec spread. If none of the preceding
ballietic limit (Vm) calculation stipulations regarding test

velocity spreads apply, then all the valid test velocity values
shall be examined to determine whether there are at least’3
partial penetration velocities above 2850 ft/sec. If these
conditions are satisfied, the sample unit will be considered to
have met the ballistic limit (Vm) requirement. If none of the
acceptable calculation procedures can be applied, and if the
analyeis of the individual test velocities show that they do not
meet the requirement for partial penetration velocities higher
than 2850 ftlsec and no complete penetration velocities lower
than 2850 ftlsec, then the sample unit shall be considered to
have failed the ballistic limit (V50)requirement. The ballistic
limit (V~O)must be at least 2850 ftjsec in order to pass the
ballistic test requirement.
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