
ARMOR PLATE, STHL, WROUGBX', BIGlk-STIW?GTIi, HIGff-QUALITY 

This specification is approved fo r  use by the A m y  Materials 
and Mechanics Research Center, Department of the Army, sand 
is avai lable  f a r  use by a l 2  Departments and Agencies of the 
Department o f  Defense. 

1.1 Scope. This specif icat ion covers materials requirements f o r  quenched 
and tempered higirs t reagth wrought s t e e l  amor  p la te  f o r  lightweight armor 
appl icat ions (up t o  l / Z M )  (see 6.1 and 6,3). 

2. &PLI CABLE D-TS 

2.1 Government documents. 

2.1.1 Specifications ad. standards. Unless otherwise specified (see 6-21, 
the following specif icat ions and standards of the i s sue  l i s t e d  i n  that  issue 
of the Department of Defense Index of Specifications and Standards (WDISS) 
specified i n  the so l i c i t a t i on ,  f o m  a part  of tbis specification t o  the extent 
specified herein. 

STANDARDS 

Fed, Test Method Std. No. 151 - Metals; Test Methods 

MIL-STP-329 - Marking f o r  Shipment and Storage 
MIL-STD-163 - Stee l  I4511 Products Preparation for Shipment and Storage 
MIL-STD-1185 - Welding Ugh flardness Armor 

f Copies of specifications,  standards, handbooks, drawings, and publications 
required by manufacturers i n  connection with spec i f ic  acquisit ion functions 
should be obtained from the contracting act iv i ty  or as directed by the 
contracting off icer .  ) 

Beneficial  comments (recomraendations, additions,  delet ions)  and any pertinent 
data which say be of -use i n  iraprovi* t h i s  dockent  should be adddrutssed to?  
Director, US Army Marerials and Mechanics Research Center, ATTN: DEXMR-SMS, 
Watertown, MA 02172 by using the self-addressed Standardization Document 
Improvement Proposal (DD Fona 1426) appearfag a t  the end of this document o r  

/ FSC 9515 / 
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2.1.2 Other Government docaments, drawings, and publications. The 
followiag other Government documents, drawtons, and ~ u b l l c a t i o n s  form a Part 
of this &ecffirat ioo t o  t he  extent h e c i f i e ;  herein. 

TECOMTOP 2-2-710 - Ballistic Test of -or Harer;lals 

(Applfeatioa for: copies should be addressed to: Director, Defense Technical 
Idosmat ioo Center, ATlINt DDX1, Cameron Statiod, Alexandria, VA 22314.) 

2.2 Other publications. The faUowing daeu~~ent(s)  Lornt a par t  of this 
specificarion t o  the cent speoified brain. The issues of the documents 
which are irsdlcated as PoD adopted sbaltl be the fssae l i s t e d  i n  the carre# 
DabISS and the supplement thereto, i f  applicable. 

Bmeticaa Society f ~ r  Testing and Materials i-) Standards 

E8 - Tension Testing of & t W c  Materials 
El8 - Bockwell brdness and Bockwell Superficial Hardness of bfetallic 

Hater ia ls  
E23 - Notched Ear Impttct Testing of Meul.Uc Elaterials 
El09 - D r y  Powtier Elaga&tic Par t i c le  IaspecEion 

(Application f o r  copies should be addtesaed t o  the Bmerfcao Society f o r  
Testing and Materials, 1916 Race Streef, Philadelphia, PA 19103.) 

Technical society and technical association specifications and standards are 
generally available f o r  reference from l ib ra r ies .  They are a l so  d i s t r 3 b a t d  
amodg technical  groups and w i n g  Federal agencies. 

2.3 Order of precedence. Iq the event of a conf l ic t  between the text  of 
this specification and the regerenoes cfted herein, tbe text  of this 
specification shall take precedence. 

3.1 F i r s t  ~ r t i c l e ~ .  When specified i n  the contract a r  purchase order (see 
6.2>, a sample or samples of the s p e c i f i d  item shall be made avallable to tho 
contracting o f f i ce r  ox his authortaed representative f o r  approval i n  
accordance with 4.2,l.l. The approval of t he  f i r s t  a r t i c l e  samples authorized 
the commencement of shipment but does not relieve the supplier of respon- 
s i b i l i t y  f o r  compliance with a l l  applicable provisions of this specification. 
The f i r s t  a r t i c l e  samples and t e s t  p la tes  sha l l  be manufactured by the process 
proposed f o r  use on production awor .  I f ,  y i th in  37 months the manufacturer 
has produced pla te  i n  the range of Table VI, f i r s t  art-lrle m y  be wdved fo r  
that  tMckness range. 

3.1.1 F i r s t  time produrer. F i r s t  time producers wishing to  qualify to  this 
specif ScatPon should follow the instructions of 6.6. 

3.2 Acceptance, requirements. 
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3.2.1 General Material Requirements. Material sha l l  be produced by open 
hearth, basic oxygen furnace, o r  e l e c t r i c  furnace, 

3.2.1.3 Condition. Pla tes  shall be i n  the as fieat created condition; no 
shearing, cutt ing,  o r  pickling shall be penaitted a f t e r  the final treatment. 

3.2.1.2.1 Chemical com~osit loa.  The chemical rrompositlon s h a l l  conf o m  t o  
t ab le  XI I n  addit ion,  those addit ives or hardening agents in tent ional ly  added 
s h a l l  be declared and must meet with the  approval, of the procuring act iv i ty .  
Also, some method of suHide shape conem& ahaU be as&, and rsported on form 
MIL-46186, 

Carbon 
Manganese 
Phosphorus 
Sulfur 
Si l icon 
Hickel 
Cbromrtdm 
Molybdenum 
Aluminum 

Residual Elements* 
Boron 
Copper 

t o  .33 
t o  1.0 
Piax 
Max 
t o  -50 
t o  1.30 
to  .65 
t o  .60 
Hin/.OB Max 

.a010 raax 

.SO max 

* Elements not In tent ional ly  added, 

A statement showing the heat analysis of each meXt and ceomplete d e t a i l s  of the  
h a t  treatment of eacb l o t  s h a l l  be furnished through the contracting o f f i ce r  
a t  no cost  t o  the  Government o r  the procuring a c t i v i t y  f o r  re-ew and 
approval. A l l  elements of chenrfcal composition s h a l l  be shown i n  the 
statement. The chemical composition range established by the producer and the 
chcslaical analys is  of the material  submitted s h a l l  be reported on the check 
%&at fo r  s t e e l  armor data Form MU46186 (see Eigure 1 and 6 .5 ) .  

3.2.2 Heat treatment. A l l  p la tes  i n  each l o t ,  includfng samples, s h a l l  
recezve tbe same heat treatment, Loca l  o r  general hearing s W L  mt be 
performed a f t e r  the f i n a l  heat t rea t ing operation (see 6.2). A l l  p l a tes  s h d l  
be tempered a t  a teraperature of at l e a s t  35WF f o r  o t o t a l  of 30 minutes 
minimum as a f i n a l  b a t  t reat ing operation. 

3.2.3.1 Tensile Properties. The average ( o r  aim) ultimate t ens i l e  strength 
(VTS) s h a l l  be 275,000 psi. The following ainimum ultiiuate tensi le  strength, 
 minim^^^^ yield s t rength  (o f f se t  = O , 2 X ) ,  m i n i m u m  r a t i o  of UTS to  yield strength 
(UTS/ys), minimum elongation and reduction of area  s h a l l  be met by every 

3 
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lo t .  The UTS s h a l l  be at least 270,000 p s i  average per lo t .  The yield 
s t rength  (o f f se t  = 0.2%) sWlX d2 bet l e a s t  l90,OOO p s i  average per lo t .  The 
r a t i o  af UTS/ys sha3.l be at: l e a s t  1-15. The elongation and reductiorrin-are& 
sbI.3, be at least 4.0% and 25X respectively. Individual test r e s u l t s  s h a l l  be 
reported, as w d l  as l o t  averages. 

5.2.3.2 Bardness. Rorlnttll C hardneSs readings sball be rafraa on opposite 
comers  (o r  opposite ends) of an i n d i v i d d  p la te  (see 4.4,2,2 aud 
4.6.2.1.2), The ~ m r w r m  hardness shall be RockweU C 51. 

3.2-3.3 ;Impirct resistance. The minimum Charpy Vaotch impact mergy of the 
plate as determined by trphe average of 2 o r  more spec&uena i n  accordance vZth 
BSllEi E 23 shall be as shrranr i n  t a b l e  If. .The CGhrpy V-notch impact specfmem 
s h a l l  be obtained in  both the TL oriencatian ti.*. , trmtsverse t o  the  major 
d l  rection of mllia with the notch perpeadieular t o  tbe plate surface so that  
the crack w i l l  propagate in t&e longitudinal  directlou) and the LT orLeatatiou 
(i .e., parallel Eo ffie major direct ion of tolling). 

TABLE 11. Minimum Gharpy Fnotcfi  impact ~WSW i o  ft.-lbs. 
at -4mF + 20F f o r  standard o r  sub-aze specimens - 

Impact energy Xor standard depth specimens 
lntt with the following width 
(Averaffe of 2 o r  r r e  t e s t s ) ,  fr .  Ibs. 1 

Specimen orienta t ion Standard width 3/C uidth 112 width 1/4 wid 

~ r a a s v e k s e  (T-L) 
Longitudinal (L-T) 

3.2.4 BalJlstlc requlrementts. Ballistic requirements s h a l l  be i n  
accordance with t h e  appendix of this specification. 

3.2.5 Dfmensions and talerances. 

3.2.5.1 Diaensions. Plates s h a l l  contply w i t h  the dimensions specified in 
the applicable drawings or i n  the contract a r  order (see 6.2). 

3+2.5.2 !Chicknesa. The thickness tolerance of each plate,  a f t e r  fiml 
treatment, s h a l l  be i n  accordance with table X I 1  f o r  the thickness specified. 

3.2.5.3 Flatness. Unless otherwise specified i n  the contract  o r  order, the 
f k t n e s s  tolerance of each p l a t e  shall be withfn the requirements specified i n  
table  TV. Tighter tolerance requirements may be specified i n  the contract o r  
order and s h a l l  be a s  agreed upon between the contractor and the procuring 
act iv i ty .  

3.2.5.4 Waviuess. Unless otherwise specified in the contract or order, the 
waviness toleranee of each pla te  s b a l l  be within the requirements of table V I  
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111, Thickness tolerances for ordered t~cknes&/ ,  
inchets (over and under) 

Tolerance (inch) for width of plate 
Specif ied 72" ta 84" ta  96" to 108" to 120" to  132" to 
Thicknee6 UP t o  84" 96" 108" 120" 132" 144" 
Inches 72" excf. excl. excl. excl, sxcl. BXC~. 

1) For fntenaediate tM,cbss, the tolerance of the cloaer specified gage shall - 
apply 

Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com



TABLE V. Waviness tolerances for  plates  

Flatness 
tolerance When number of waves i n  32 f t  is: 

f r m  1 2 3 4 5 6 7 

Note - Waviness denotes the deviation of the top or bottom surface from a 
horizontal l ine ,  when the plate i s  resting on a f l a t  surface, as measured i n  
an increment of less than 12 f t  of length. The waviness tolerance i s  a func- 
t ion of t h e  f la tness  tolerance as obtained from table XV. 

Note - When the f la tness  tolerance is 112 inch or l e s s  f o r  plate thicknesses 
1/2 inch  and under, the waviness tolerance sha l l  not apply. 
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3.2.6 Surface a d  internal  soundsesa. Unless otherwise specified i n  the 
contract o r  order, sU plates s W  be free from laminations, cracks, seams, 
laps, and other inQerfect&ons wliich would ad.oersely affect  the strength, 
fabricabi l i ty ,  or  h a l l i s t i c  performance of the rtwor. 

3.2.7 Irteatif lcat ion llaarking, Identification marking shall be legibly 
paiatad a d  records shall be such as  t o  ensure pos i t iw identification of all 
places, including test samples and specheas,  with the l o t  and earresponding 
bat from wb%& they were produced. TramabUity of plates from f i r s t  t o  last 
i n  each lot @hall be maintained. The markings shall be arch tha t  quick and 
positive fdentification of the UTS of each plate tested (see 4.4.2.2) can be 
made. It fa recopmad& that the DT8 be mark& an every plate tested f see 
4,4,2,2). !i!he key to  ident i f icat toa symbols shall be furnished to ttae 
inspector pr ior  t o  8u,braitttl;f, for  inspection. Pisst  a r t i c l e  a d  acceptance 
t ral l ia t ic  test @ate8 s h a l l  also be marked with the aanttfacturer's name or 
trademark, the umber af EMS specificlation, and the ordarwl plate  tMekaess 
i n  ~ I I C ~ S -  Zirs t  a r t i d l e  plates shall be murked "PBE", acceptance plates  
"ACC*, and re tes t  pAates will be marked TUN and W*,  If a second set of 
retest pla tes  are sulnnitted they shall be marked "Ri2lR and "RRZ". The primary 
plate rolllug direction shalA be identified. The key to the identification of 
the UTS a€ tRe places shaU be supplied t o  the procuring actgvity fo r  review 
and approval. 

3.2,8 Workmanship, A l l  plates shall be f ree  from scale, pfts, tears, 
folds, and ofher surface imperfections which are af such a nature as t o  affect 
the fabriicability or serviceabili ty ~f the material. 

3-2.9 IafozatatAon Bequired, A stacemeat showing the ingot andps is  of eacd 
m e l t  an$ comp3et:c de t a i l s  of the hear treatment of each libt shall be furnished 
to  the procuring activity.  All elements of the chemical. camposition shall be 
shown i n  Zhe statement, including special additives or hardening agents, 
whether shown i n  Table I or not. Hardness results for  each plate and impact 
resu l t s  fo r  each Pot shall be included i n  the statement. 

4. QUALITX BSSURANGE PROVISIONS 

4.1 Responsibility fo r  inspection. Unless ot h e m i e  specified i n  the 
contract or  purchase order, the contractor is responsible for  the performance 
of a l l  inspection requirements as  specified herein. Except as otherwise 
specf f ied  i n  the contract or  order, the contractor may use h i 8  own or any 
ocher f a c i l i t i e s  suitable for the performance of the inspection requirements 
specified herein, unless disapproved by the  Government. The Government 
reserves the right t o  perform any of the inspections set for th i n  the 
specification where such i n s p e c t i ~ w  are d e w  necessary to  assure supplies 
and services conform to  prescribed requirements. 

4.2 Classification. 

2 .  ClassifJication of inspection. The inspection requirements specified 
herein are classified as follows: 

1. F i r s t  a r t i c l e  inspection (see 4.4.1). 
2. Quality conformance inspection (see 4.4.2). 
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4.2.1.1 F i r s t  article inspectioq.  Whea required, the first article seu~ples 
submitted i n  accordance with 3.1, s h a l l  be a x d n e d  f o r  a l l  the provisions of 
t h i s  spec i f i ca t ion  appl icable  t o  end i t e m  examination. 

4.2.1.1.1 F i r s t  article' tests. Birst article tests (see 6.2) skaU c o ~ f s t :  
of a l l  ehe tests speci f ied  i n  6-6. 

4.2.1.1.2 Waiving of f i r s t  article b a l l i s t i c  test. Unless otherwise 
specif ied (see  3.1 and 6.2) ,  the  f i r s t  a r t i c l e  ba lLis t ic  test s h a l l  not be 
required provided (a) the  m a d a c t u r e r ,  within 37 n ~ ~ n t h s ,  has produced 
acceptable p l a t e s  within the same nonina1 thickness ~ m e s  of Table VI and (b) 
his production condi t ions  are ~ h e  same as for prevfonslg accepted plates.  A 
supp l i e r  who has previously met the f i r s t  article requirements w i l l  furnish  
the  procuring a c t 1  o l t y  with the per t inent  data relative t o  colapliBnce with 
f i r s t  a r t i c l e  test. 

4.2.1.2 Qual i ty  confora~anee (acceptance) inspectiop. The acceptance 
examination under 4.5 and the  rests under 4.6. shall serve as a basis f o r  the 
acceptance of individual  production plates.  

4.3 Lot. A l o t  ahall cons i s t  of a l l  p l a t e s  of the same m e l t  ( M a t )  of 
steel, of the  same thickness, having the same treatment, and heat t rea ted  at 
the same temperature i o  the same f a c i l i t y .  For material heat t rea ted  i n  a 
continuous furnace, a l o t  s h a l l  cons i s t  of a l l  p la tes  of the same s i z e  o r  
thickness which w e r e  heat t r ea ted  exact ly  a l i k e  and which are represented by 
one melt of steel subjec t  t o  inspect ion  at the same ti=. 

4.4,l For f i r s t  article, 

4.4.1.1 Chemical ana lys i s  samples. One sample for ~ h e m i c a l  d ~ s i s  shall 
be taken f ror~ each p la t e  submitted f o r  b a l l i s t i c  tes t i%.  

4.4.1.2 Impact saatples. A t  l e a s t  one impact test saaaple i n  the TL 
or ien ta t ion  and one impact test sample i n  the LT orientatSon shall be taken 
from each test p l a t e  submitted. 

4.4.1.3 B a l l i s t f c  samples, Two b a l l i s t i c  p la tes ,  of the same ordered 
thickness range shown i n  Table Vf below s h a l l  be submitted f o r  ballistic 
t e s t ing  and s h a l l  represent  any other  thickness i n  the range. One sample 
shall be taken from the first plate heat t rea ted  and one from the last p la te  
heat t r ea ted  i n  the i n i t i a l  l o t  produced. When only one p la t e  i s  heat 
t rea ted ,  a sample s h a l l  be taken from each end of the plate.  The b a l U s t i c  
test p l a t e s  s h a l l  be 1 2  inches by 35 inches. 
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Table VX. Thickness ranges and corresponding test project i les  
f o r  first article and acceptance t es t t ag  (a). 

-t%&l t M c k ~ 8  &st 
m e  Cinches) Projecti le 

W .30 AP, M2 
Cal -50 AP, M2 

(a) E h i m w i  required b a l l i s t i c  l idts are. taburated in  Tables VII atld VIII of 
the  Appendix, The p la tes  are tes ted a t  300 obliquity. 

4.4.1.4 Tensile specimeas. One tensile spaciaen shall be taken f ta~rr each 
of the p l a t e s  submitted. 

4.4.2 Sampling f o r  quality couformance inspection. 

4.4.2.1 For chemtcal analysis. At least one sample fo r  chemical analysis 
shall be taken f r o m  each l o t  i n  accordance with method 111 or U 2  of Fed. Test 
Bbthod Std. lo.  151. 

4.4.2.2 Hardness and tensile tests. Unless otherwise specified, the f i r s t  
and last parent g la tes  from the E i r s t  and last sppUed ingots of each l o t  
shaU be tens i l e  tes ted in triplicate i n  accordarrce with ASPl E 8 i n  the 
transverse direction an both eade of the parent p la te  after final, beat 
treatment. A Bockwell C hardwas test shall be taken adiacent to  the locrrt3oq 
wfwre the tension specimens w e r e  taken, as w e l l  as the other ezld of the 
iadioidua.1 pla te  (4.4.1.2.2). A l l  a ther  parent p la tes  i n  a given l o t  w i l l  be 
hardness tested on diagonal corners. The hardness shal l  be according t o  ASTM 
E 18 and shall be the amrage of a t  least three readings at  one location. 

4.4.2.2.1 Plates. A pla te  s h a l l  consist  of either individual p la tes  (cut 
t o  f i n a l  size for sh2pping) or sha2l be a parent plate* A pareat plate has 
the same. dimensions (except f o r  length) and processing sequence a s  the 
i n d i d d u a l  plates (as sized f o r  shipping); and a parent plate i a  one pTece 
during final heat treatment. A parent p la te  i s ,  by definit ion,  not longer 
than 30 fee t .  For example, a 30-foot parent place c o d d  be cut into three 
10-foot iadividual plates.  

4.4.2.3 For Charpy V-notch impact tests. A sample sha l l  be taken from a 
pla te  representing each l o t  f o r  Ghsrpy V-Notch impact tests .  The sample shall 
be the a- thick;;ess a s  the  pla te  it trapresents and large enough to  obtain at  
least: four  speci~tens frcw the sample i n  accordance a r b  4.6.3. The sample 
shall be taken from one of the same plates  from which tens i le  specimens are 
taken. 

4.4.2.4 For b a l l i s t i c  tasting. One plate,  of each thickness to  be supplied 
on the contract ,  s h a l l  be randomly taken from each l o t  fo r  ballistic testing. 
Unless otherwise specified,  the  p la tes  s h d l  be 12 inches by 36 inches. 

4.4.2.5 For soundness. Unless otherwise specified, two samples sha l l  be 
randomly taken from-each l o t  f o r  these t e s t s ;  however, when an ent i re  heat 
represents only one l o t  the samples shall be taken Erom the f i r s t  and l a s t  
usable portion of the heat. 

10 
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4.5 Examination. 

4.5.1 Visual. A 1 1  steel p l a t e  s h a l l  be subject t o  v isual  inspection f o r  
compliance wi tB the requirements f o r  iden t i f i ca t ion  marking (see 3-2-71 and 
f o r  workmanship (see  3.2.8). 

4.5.2 Dimensional. A l l  steel pla te  s h a l l  be subject t o  inspection f o r  
compliance with dimensi onal and tolerance requirements (see  3.2.5). 

'* 

4.5.3 Preparation f o r  shipment. Examination s h a l l  be made t o  determine 
compljlance with the requirements f o r  preparation f o r  shipment (see section 5 )  * 

4.6 Tests. 

4.6.1 Chemical aaalysis .  Chemical analys is  s h a l l  be conducted i n  
accordance with the procedures of method 3 U  o r  method 112 of Fed. Test Method 
Std. No. 151 (see  6.5). In case of dispute, the analysis  by 111 shall be the 
bas is  f o r  acceptance o r  re jec t ion.  

4.6.2 Tensile properties. Tension t e s t s  s h a l l  be conducted i n  accordance 
with ASTM E 8. Standard o r  subsize specimens (Pig. 6 of ASTM B 8-81) may be 
used or the specwen shown i n  Figures 2 and 3 of this specification.  
Machining shall be conducted i n  a manner not t o  alter the mechanfcal 
proper t ies  of the  specimen by overheating. Tensile specimens s h a l l  be taken 
so  that the gage sect ion of the  specimen must be at l e a s t  4 inches from any 
quenched edge, as w e l l  a s  outside tha heat affected zone of any cut edge. The 
t e n s i l e  specimens s h a l l  be oriented i n  the preliminary rol l ing di rec t ion of 
the plate.  

4.6.2.1 Machined t e n s i l e  bars, The machining of the t ens i l e  specimens 
s h a l l  be machined t o  the required length and width (see 4.5.2) and then 
careful ly  ground t o  proper thickness by removing equal amount of material  from 
both sides.  To prevent overheating, suff ic ient  coolant (mixture of water and 
water soluble o i t ) )  must be used during a l l  grinding operations. Precaution 
must be taken i n  t h e  event the  specimens bow a f t e r  grinditrg one side. The 
second s tep  s h a l l  be grinding the  configuration of the notched area. Work 
s h a l l  proceed slowly with the use of su f f i c i en t  coolant i n  order not to  
overheat the specimens. 

4.6.2.1.2 Rockwell hardness tests. Rockwell-C hardness tests i n  aceordance 
w i t h  ASTM E 18 will  be used, where required, (see  3.2.3.2 and 4.4.2.2) but may 
not be subst i tu ted  f o r  tension tests. 

4.6.3 Charpy V-notch impact tests. A t  l e a s t  four Gharpy V-notch i w a c t  
t e s t  specimens s h a l l  be taken frola the sample and s h a l l  be prepared and tested 
i n  accordance with ASTH E 23. Charpy V-notch impact t e s t  specimens shall be 
taken i n  both the TL or ien ta t ion  and i n  the LT orientat ion from loeations 
midway between the tap and bottom surfaces of the p la te  and at least 4 inches 
o r  2T, whichever i s  less, from any quenched edge as well a s  outside the heat 
affected zone of any oxygen-cut edge. The l a rges t  a t ta inable  subsize Charpy 
V-notch impact specimens shown i n  f igure 4 of ASTM E 23-82 shall be used. 
Specimen widths between those of the standard bar and the 1/4, 1/2 o r  3 / 4  s ize  
width may be used. If widths between the recommended subsizes a r e  used, the 
energy s h a l l  be proportioned or  scaled so a s  t o  normalize the data t o  standard 
s i z e  bars. The n o l ~ ~ a l i z e d  charpy energy must then be compared t o  the  standard 
widrh value of t ab le  I. 

I1 
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4.6.4 BaZlistic tests, Zlallist;tc testiag af arswr plate &all.-be.condmted 
at  a Qovemwnt test EacUitrp specified i n  the cont;ract or  order. Testing 
aeelcl be coaducted i n  accordance with the ~;equi.mments of the appendix of thic 
8pecification. 

4,6.5 Soundness, Ultrasonic tes t s  shall be car6ed out as agreed upon 
between the p w u d n g  activity and the contractor tx deterzdne the  
re.equfrements of 3.2.6 (See 8978). 

4.7 Reduced testin&, A t  the d f s c r e t i o ~  of the procuring activhy, the 
amount ok tetestiag may be reduced provided the results on consecutive l o t s  
iod%clca&e chx; a eatisfactory unifoaia pyoduct meetineJ tk t e s t i s  requirements 
is being produced. Redaced t e s t i w  s W I  be i n  aecordanee with a system 
previously approved o r  established by tbe procuring activity involved. 

4.8 bietrtioa and raeest. 

4,8.1 bjec t iaq .  Unless otherwise specsfid fn the contract or order, 
fa i lure  of the first article samples to  meet the reqttitemeots of thfs 
rrpe&icaticm sbaU be cause for  re;jectioa of thf process, fa i lure  of the 
acceptance simples t o  meet the tequirements of thls specification shal l  be 
eause for  zejection of the lot. 

4.8.2 Retest. Unless a specific retest procedure is specZf ied i n  the 
contract o r  order, l o t s  rejected for  faf lure  to meet the requfrements of the 
spectficatfon mag be resuki t ted  f o r  tes t  provided the producer has reworked 
tire lots,  as necessarp, to correct the deficiencies or  has removed the 
noz~rcOnfonuing material. F i rs t  a r t ic le  retests  shall not be permitted unt i l  
the supplier has W e  the necessary c o m t i o u s  in the procesdng of the 
material to the satisfacrian of the procnrfng activity. 

5.3 Presemation and packaging. Preservation and packaging shall be level 
A o r  C as specified (see 6.2). 

5,I.l Level A- Ueaning, dryling, preservation, and packgin$ shall  be i n  
accordana= vith MIL-STD-163. 

5'1.2 Level C. Cleaning, drying, preservation, and packaging shall  be i n  
accordance uith manufacturer's com~lerclal practice. 

5.2 Packing. Packing shall be level A o r  level  C as  specified (see 6.2). 

5.2.1 Level A. Packlag shall be i n  accordance &th WIL-STD-163. 

5.2.2 Level C, Backing shall be i n  accordance wfrh commercial practice 
adequate to ensure acceptance and safe delivery by tbe carrier for the mode of 
trcoarportatlon employed. 

5.3 Markin&. I n  addition to any special marking specified i n  the contract 
or order, shipments shall be marked i n  accordance with the requirements 6f 
.m-STD-129. 
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6.1 Intended use. The s t e e l  armor covered b;p t h i s  specification i s  
intended f o r  non-structural use i n  lightweight applications generally up to  
and including 1/2  incb i n  thickness, *ere resistance to  ball and armor 
piercing types 02 amuni t ion and multiple Wt capabil i ty a re  required. 

6.2 Ordering data. 

6.2.1 Procurement requirements. Prbcurement documents should specify the 
following : 

- - -  A - 
a. Ti t le ,  number and date of t h i s  specification.  
b. If f i r s t  a r t f c l e  samples a r e  t o  be made available (see 3.1). 
c. If addit ional  heat treatment may be performed (see 3.2). 
d. If pla tes  may be furnished i n  a condiUon other than i n  3.2.1.1. 
e. Dimensions (see 3.2.5). 
f. Soundness acceptance c r i t e r i a  i f  other than i n  3.2.6, 4.6.5. 
g. Name of inspection agency when inspection shall be performed by 

other than the contractor (see 4.1). 
h. If f i r s t  a r t f c l e  tes t ing is required (see 4.2.1.1). 
i If f i r s t  a t f i c l e  b a l l i s t i c  tes t ing may be waived (see 4.2.1.1.2). 
j. Production sampling i f  o ther  than i n  4.4.2.5. 
k. Where b a l l i s t i c  test ing is  t o  Ire conducted (see 4.6.4). 
1. The reduced tes t ing plan when applicable (see 4.7). 
m. If  re jec t ion and re tes t  d i f f e r  from 4.8. 
n. Preparation f o r  delivery requirements (see section 5). 

6.2.2 Contract data requirements. When t h i s  specif;tcation i s  used i n  a 
procurement which incorporates a DD Form 1423 and invokes the provisions of 
the Defense Acquisition Regulatory System (DARS), the data requirements 
iden t i f i ed  below w i l l  be developed a s  specified by an approved Data Item 
Description (DD Form 1664) and delivered i n  accordance with the approved 
Contract Data Requirements L i s t  (DD Form 11423) incorporated i n t o  the 
contract. When the provisions of DARS are not invoked, the data specified 
below may be delivered by the contractor i n  accordance with the contract 
requirements. Deliverable data required by this specif ica t ion is  c i ted  i n  the 
following paragraphs : 

Paragraph no. Date mquirement t i t l e  Applicable D I D  no, 

3.1 Report, F i r s t  Ar t ic le  Test UDI-T-23790 
3.2.9 Cer t i f i ca t ion  Data Report UDI-T-23264 

(Copies of data item descriptions rhquired by the contractors i n  connection 
with speci f ic  acquisi t ion functions should be obtained f r ~ m  the Naval 
Publications and Forms Center or  a s  d i rec ted by the contracting off icer . )  

6.3 Fabrication, The amor  pla te  covered by thts specification is subject 
t o  fabrication involving cut t ing,  d r i l l i n g ,  foming, and welding. It is 
intended that selection and control  of chemical composition, cleanliness, and 
pla te  processing will be such tha t  the armor w i l l  be sui table  f o r  fabrication 
under procedures and controls such a s  specified i n  MIL-STD-1185, Welding High 
Hardness Armor, however the meehanical propert ies i n  3.2.3 take pr ior i ty  over 
weldability. 
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k4Zb-A-46186 

6.4 ,Chemical analysis. Suagested MTPI instnunental methods tbt can be 
gsed artr chemical analysis E415, B282, E484 and E322. ASBl 8751 shauld be 
consulted for a complete list of methods. 

6.5 Pow mL4Q86. Fomu MIL46186 may be reproduced aad used for sabmittal 
of data reqdred. 

6.6 Potential suppliets. P~tentSal suppliers wBo bsve not previously 
supplied armor plate to this specification and wish to have their material 
WUstically Cested, may d6 so at thelr own -ease. fr is tecommnded that 
inquuLriesr f o r  such testing be directed t o  Chmmander, US Amy Test axxi 
Evaluation C o m d ,  ATTN: IlBST6-T0-0, Aberdeen Proving Oroului, MD ZX005. 

Project  Nu. 953.5-A041 

(UP ID #345lA/OZSC-02078, FOR AEPWC USE ONLY) 
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TYPE A TENSILE 

L Uwraf 1 length, rain 7*OA 
'6, age Length OIOn 
bf PtSdth (nuts  1 and 2) ,§Us 
7 Thlcknsss ,325 < T (-135" 
R Radfus of Filler, mfn 0.375* 
A L e q t h  of Redwed Sectf on 3-0" 
B ~ength a-f h+fp ~ e i o n  a. an 
t Width wf 6rip Sectfon, Approx. -75" 

Note 2 - Fads of the reduced sectian sbaf 1 n@t differ f n  width 
by m e  than 0,005" 

Note 3 - fh.f&ness of the reduced section shall not vary by 
more than O.OOTn. 
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TYPE B T E N S I L E  

t; Overall Length, mtn 
G Gage Length 
W Width (nodes 1 and 2) 
T T h f a n e s s  
R R a d h  o f  Fillet, m5n 
A Length of Reduced Section 
B Length o f  Gr5p Section 
G Width af Grip Sectjon, approx. 

Note 1 - Wjdth of reduced section t o  be parallel over 
full length (0.005*f 

Note 2 - Ends of the reduced section shall n o t  dfmr 
i n  width by Bore .khan 0,005U 

Note 3 - Thickness of  t h e  reduced sectton shall not 
vary by mre than O,OUIw. 

FSgm 3 RECTANGULAR TENSfOlrl EST SPECIMEN 
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BALLISTIC TESTING OF W R  PLATIS, STEEL, WJIOUCBT, 
HICH-STRE1YGTH, Ef IGH~UAWX 

10. SCOPE 

10.1 Titis appendix covers the requirements f o r  b a l l i s t i c  tes t ing of high 
s t rength  high qual i ty  seeel a w o r  plate. 

20.1 Faf r  finpact. A f a i r  impact i s  an impact resul t ing from the s t d k i n g  
of tha t e s t  p la te  by a p m j e c t i l e  i n  no& flfght (no pawLng o r  tumbUng) and 
separated from another btpact or  the edge of the plate,  hole, crack, o r  
w e d  area by an undisturbed area of at l e a s t  two test p ro jec t i l e  diameters. 

20,2 Witness sheet. A witness sheet  is aonnally a 0.014 inch thick sheet 
of 5052 H36 a l d n u u i  a l l a y  (o r  a 0.020 inch th ick  sbet  d 2024-'23 alumfwm 
alloy) placed 6 inches (2 L/2 inch) behind and pardUe1 to  the t e s t  p la te  or  
o ther  b a l l i s t i c  sample. 

20.3 Complete penetration, ptoteetion,  CP(P3. A protection complete 
pa te t ra t ion  is a penetration i n  which the p ro jec t i l e  o r  orre o r  more fragments 
of a p r o j e c t i l e  or p la te  pass beyoad the back of the t e s t  p la t s  and perforat1 
the  witness plate.  

2Q.4 P a r t i a l  Penetratirm, , protection, PP(P). A p a r t i a l  penetration i s  any 
impact tha t  is not a complete penetration. 

20.5 Cap. The difference i n  velocity between the higb p a r t i a l  penetration 
velocity and the low complete penetration velocity wed i n  camputing the 
b a l l i s t i c  limit where the high partial penetration melocity is lower than the 
l o w  complete penetrat ion velocity. 

20.6 &,0 protection b a l l i s t i c  l i m i t ,  &(PI. The protection V50 
b a l l l a t i c  l i m i t  i s  defined as the average of 6 f a i r  impact veloci t ies  
comprising the three lowest veloci t ies  result ing i n  complete penetration and 
the thrtee highest velocities resul t ing i n  p a r t i a l  penetration. A maximum 
spread of 350 f e e t  per second s h a l l  be permitted between the lowest and 
highest ve loc i t i e s  employed i n  determination of b a l l i s t i c  l i m i t s ,  In only 
those cases where the lowest complete penetration velocity is lower than the 
highest p a r t i a l  penetration velocity by more thaa UO fps  w i l l  the b a l l i s t i c  
l i m i t  be based on 10 veloci t ies  ( the  5 lowest ve loc i t i e s  that  resulted i n  
complete penetration and the 5 highest veloci t ies  that resulted i n  pa r t i a l  
penetrations). When the 10-round excessive spread, b a u a t i c  l i m i t  is used, 
the veIocity spread w i l l  be reduced to the lowest pract ica l  level  (as close to  
150 f p s  a s  possible). When a 10-round b a l l i s t i c  Mt is used, this w i l l  be 
noted i n  all reports. The normal up-and-down f i r i n g  method w i l l  be used i n  
the determination of a l l  BL(P)'s, al l  veloci t ies  being corrected to str iking , 
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velocity. I n  the event chat the b a l l i s t i c  Umit computed is  l eas  than 30 fpe 
above tbe minimus required, i f  a gap thigh p a r t i a l  penetration velocity below 
the low complete penetration velocity) of 30 fps  o r  more exists, f i r i n g  will 
continue a s  needed to  reduce this gap t o  25 fps o r  less. (This procedure w i l l  
fnsure b e t t e r  evaluation of the s t e e l  when the baLlist ic Umit is near the 
minimum required. ) 

20.7 Thickness, impact area, The thickness of b a l l i s t i c  test pla tes  used 
f o r  determining b a l l i s t i c  l imi t s  s h a l l  be tha t  of the area subjected t o  the 
b a l l i s t i c  tes t ing.  

30.1 Resistance t o  penetration. The minimum b a l l i s t i c  limits shall be in 
accordance with the values shown i n  tables  U, o r  QX as applicable. 

30.2 &sistance t o  cracking. Ballistic test pla tes  when oisually examined 
after t e s t ing  shall. not d m l o p  any through-crack greater  i n  length thein f ive  
cal ibers  of the  projecti le.  

40. TESTS 

40.1 B a l l i s t i c  t e s t s .  V50 b a l l i s t i c  t e s t s  shall be performed i n  
accordance wi th  USATZOOMTOP 2-2-710, B a l l i s t i c  Test of Annor Materials t o  
detennlne compliance with the  requirements of tables V and VI. 

0 .  Pla te  thickness as measured by the b a l l i s t i c  test agency s h a l l  be 
used t o  determine the required b a l l i s t i c  Umit fo r  the plate. Iudividual 
thickness measurements are t o  be read from a micrometer t o  t h e  nearest 0.001 
inch and the average of these r e a d i q s  reported to the nearest 0.001 inch. A t  
l e a s t  one measurement s h a Z l  be taken along each edge of the  pla te  a t  a 
distance at l e a s t  one inch from the edge, but preferably i n  the area which 
will be impacted. The required b a l l i s t i c  l imi t  will be determined by 
interpolation,  if necessary, i n  the tables i n  the appendix. 

40.1,2 Rejection and r e t e s t  of b a l l i s t i c  plates. 

40.1.2.1 F i r s t  a r t i c l e  t e s t s  (rejection).  Unless noted otherwise i n  the 
contract  o r  order. f a i l u r e  of e i t h e r  of the f i r s t  a r t i c l e  test pla tes  to meet 
the minimum ba3.l.i = t i c  teqtdrements as specified i n  the appendix- to  t h i s  
specif i c a  Cion Indicates f a i l u r e  of the product and process. 

40.1.2.2 F i r s t  a r t i c l e  ( re tes ts) .  Resubmission of b a l l i s t i c  r e tes t  p la tes  
s h a l l  not be made u n t i l  the manufacturer kas made the necessary corrections i n  
the processing of the mater ia l  t o  the sa t i s fac t ion  of the p r o c u r i a  act iv i ty .  
Two r e t e s t  p l a t e s  must be submitted f o r  f i r s t  a r t i c l e  tes t ing and both must 
pa&. 
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60.X.2.3 &ceptapa t a r s  (zejec~iwr)~* Ua'less o ~ b c n i s c  notad i n  tbe 
cbrrttact or ozldez; faifum of a, test plate  to m t  the bsllisEic raquirme ' - 
~ X ~ ~ Z W S  faSIura of tbn4 lot, bowever, the final decision d3.Z depeud on ti 
oue- of retests, ff submitt&. 

40,l.2.4 Ac~atance t e s t s  (xetest8))  a test pfste tepresentialg; a bt 
fdls t o  tapset the ball iat3c requimmnta* +he 0anUracturer has the following 
aptionst Xmedi;ately upon aadficetfoa of ttrrc failore, be my: 

(1) &t his own tupense, suWt t6m additforid test plates f m tb 
m e  ;lot fog bal*Use;tc reteat, or 

(2) ile map f i t a t  ra-heattreat: (que;achLq and te~speriag) the lot  
a d  tQea s ~ b P s r t  a teat plate fm the re-treated lat, or 

(3) 3e may scrap the lot and mWt a plate represeating a new 
Iut . for accep'r;anca. 

If he chooses any one of t b s e  optloas and the W i s t i c  retest plage Cor 
&dates) @eet the tequirementr, tben ttta lot represeated is accapcable. If ha 
&m@sea option (1) and ode or bath of the retest plate$ fail ,  the umdacturer 
may re-heazrreat the lot and s u w t  a test place f rcrm tb retzmted fat. Zf 
this plate fafls, the lot i s  rejected, If he choo6tts option (3) a d  the test  
p h k e  fd&s, he map again resort to any one of tbe th-e options. The 
~lgaufacturer shall report the processins on the f a f e d  plates, 

40.1.3.1 Jlrek article Wst places. Upon request af the aPPlicant within 
15 days after ba2listfc tasting, first article plates will be retunred "as i s *  
t o  applicant, at  his expaase, unless C h e  plates olere destroyecr. fn testtag. 

4% 1.3.2 Acceptance test ~ l a r e s .  kseprance test plates that comply with 
the tequiramenks gf tbis ssrPecificarion are emsidered as part of the lot of 
steel they represent and o-ership of them passes t o  the Government with the 
acceptance of chat lot. Acceptauce test plates that fall to  comply with the 
se9u&~ementS of tbis specif icafiun are coasZdered 9s part of the let thrtp 
ap- sen t  and remafn the property of the producer just as the ~ 1 3  jectable lot 
doe$- Ttre faired plates all be returned, upon request, as in 40.1.3.1. 
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TABLE VII, Minimum requiwd ba l l i s t i c  liraits - Caliber .30 
AP M2 Prcjeet i les  a t  30° Obliquity 

Thickness, Required Thickness, Required 
inch BL(P), fps inch BL(P), fps 

2 

0.102 595 0.220 2058 
.lo5 665 ,225 2100 
.I10 770 ,230 2140 
.l l5 863 ,235 2180 
.120 950 .240 2219 

1/ .125 - 1030 ,245 2258 
.130 1105 .250 2296 
.135 1175 ,255 2333 
.1 40 1243 .260 2370 
.I45 1307 .265 2406 
.150 1368 .270 2442 
,155 1428 .275 2477 
.160 1484 .280 2512 . t65 1540 .285 2546 
.17Q 1593 .290 2580 
.175 1645 .295 2614 
,180 1696 2/ .300 - 2647 
.I85 1745 ,305 2680 
.I90 1792 ,310 2712 
.I95 1839 .315 2744 
.200 1885 .320 2776 
.205 1930 .325 2808 
.UO 1973 ,330 2838 
,215 2016 .335 2869 

,340 2900 

I/ Specif icatioa requirements begin f o r  this ordered thickness. - 
2/ Specification requirements end fo r  this ordered thickness. - 
Note: Tabulated values on e i ther  s ide of the specif ica t ion requirements 

are  f o r  interpolation of BL(P) requirements on undersize or  
oversize plates. 
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I Minimum required ballistic limits - Calf-ber .SO 
AP Ei2 Ptojectlles at 300 Obliquity 

- T h i ~ k l l ( ? t ~ ~ r  &qtdre?d Ttdckress, Required 
inch BL(P), t'ps inch BL(P), fpa 

0.273 IS32 0.450 2272 
,280 L557 ,455 2290 
.285 l f82  '460 2307 
.290 1607 .465 2321 
.295 1632 .470 2342 
.300 1656 .475 2360 
301 . 1661 .480 2377 
305 1680 .485 2394 

,310 1703 49Q 2411 
.3U 1726 .495 2428 
.320 17 49 .SO0 2445 
,325 1772 ,505 2462 
,330 1794 ,510 2478 
.335 1817 .515 2495 
,340 1839 .520 25U 
-34.5 l860 -525 2528 . 
.350 . 1882 ,530 2544 
,355 1903 .535 2560 
.360 1924 -540 2576 
.365 1945 545 2592 
.379 1966 .550 2608 * 

.375 19&6 .555 2623 

.380 2006 ,560 2639 

.385 2026 .565 2654 
' -390 2046 .570 2670 

.395 2066 ,575 2685 

.400 2085 .580 2701 

.405 2l05 .585 27 16 
,410 2124 .590 2731 
.415 U 4 3  .595 2 746 
.420 2162 .600 2761 
.425 2180 .605 2776 
.430 2399 .610 2791 
.435 2217 .615 2806 
.440 2236 .&20 2820 
,445 2254 .625 2835 

Specification requirements begfn fo r  this ordered thickness. 

zl Specification requirements end for  this ordered thickness. 

Note: Tabulated values on afther side of the speeificlttion requirements 
are for interpolation of BL(P) requiremenrs on undersize or 
oversize plates. 
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