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UNCLASSIFIED 
KBKOäMffm MW« BO. «d* 710/755 

Partial Report on Problam 1-S.2 

18 June 19^ 

Boalatanco of Tarloua labrloo to Perforation 

by Iragncnt-ainulatlng Projootilew 

l-lb 1.   In response to requeets of th* Office, Chief of Ordnance*     , teeta 
hare been conducted over a period of several aonthe at this laboratory on 
various fabric« which bare been euggeated aa possible components of body araor 
assemblies.    The results of these teats here been reported, aa they bare been 
completed, in Watertown arsenal Reports1?"^, bat in this report an attenpt 
«ill be nade to evaluate their relative resistance to perforation by fragment- 
simulating projectiles. 

2. Since a disappointing leak of oorrelatioa has been observed between 
resalts of ballistic Halt testJ made with fragment-simulating projectiles 
developed here^^and the results of actual fragmentation tests which 
probably aost nearly simulate actual serrice conditions, no attempt will be 
made to predict the relative resistance of these materials to perforation by 
fragments actually encountered in serrice.    However, conclusions will be drawn 
aa to their comparative resistance to perforation by the test projectiles need 
at this laboratory. 

3. The results of the various teeta conducted are recited in Tables X 
through X.    In Tables XI and XIX the various samples are Hated in order of 
figures of merit for resistance to perforation by cal. .«5 ball projectiles 
and oal.  .22 fragment-simulating projectiles, 0-2, respectively.    These figures 
of merit are baaed en the relation between the resistance of a sample to 
perforation by a given projectile and the resistance of an equivalent weight 
ef Badfleld manganese steel,   sine* this latter characteristic is reliably 
known only ever the thickness range .OUO« to .050«, figaree of merit have 
assigned only to «ample• whose welght-per-uait-area la equivalent *§ that of 
Badfleld »teel of that thickness range.    Tables XIII and XIT Hat average 
figures ef merit for the various types of fabric« and afford acne basis for 
relatively evaluating then. • 

k.    Thus ander normal Impact ef cal. .U5 (steel-jacketed) ball projeetilee, 
the slsed eampUs *f avion dock, the beat type ef flberglae (BOC-I38J end the 
«temple ef sllk-webbiag afforded r*«istaaoe eoulvalemtly euperior to ether 
■aVrrials and under impact ef cal. .22 rrm*?9>fc-clmulatimg projeetilee. 0-2, 

t 
■ 

UNULA&SIHED 
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samples of nylon parachute cloth afforded best resistance, follow««! Iqr aised 
nylon dock «ad «ilk webbing which, wir« equivalent in resistance. It would, 
t her «for«, app««r that, a« regard« overall resistance to both typ«« of attaek, 
sised nylon duck or silk webbing should afford tb» b««t protection. 

5. Since tho cal. .H5 ball projectile and tba eel. .22 fragment- 
■laulator represent widely divergent eharacters of attack It eight bo tentatively 
suggested that either of theae two materials could be axpected to afford better 
resistance against actual fragments than other fabriee, since actual fragments 
of high azplosir« «hell attaek in a variety of sises, shapes, velocities and 
«anners of presentation. lbs aetnal resistance to actual fragment attaek of 
«issd nylon duck, only, is well established, however, and no evidence of 
correlation between results of actual fragmentation tests of fabrics and 
ballistic liait tests on fabrics Is available. levertbeless, since the actual 
resistance of sised nylon duck to actual fragments is my high, there aey 
be lying doraent an actual correlation with respect to tests of fabrics. 

■ 

6. It Is interesting to note that a correlation between resistance to 
each type of projectiles and weaving characteristics was found in tests of 
fibexglas. 

7* In those instances where the resistance of several plies of a 
particular fabric was compared with the resistance of the saee fabric in the 
fore of webbing, the webbing appeared to be considerably inferior. This 
immediately raises tae fascinating question whether the resistance of plied 
silk would show a siallar superiority io silk webbing which wee nearly the 
best material tested. 

8. fhe resistance of eotton duek to perforation by these test projectiles 
was spectacularly low. If its comparative resistance to perforation by aetnal 
fragments Is equlvalently low, some thought should be given to the substitu- 
tion of a more protective fabric la the construction of teats, sleeping bags 
mad ether shelters. 

o    ,tf<l "11"*^ 

▲mom» 

J. F. SÜLLITAI 
Assistant Bnglraer 

&*&*(■ 

B. L. 
Research Metallurgist 
Chief, Armor Seotiea 

■ 
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26. Report lo. WAL 762/253.    "Derelopment of a Projectile to Be Used in 
Testing Body Amor, to Simulate Fragments of a 20 Km. B Projectile." 
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TAELS III 
(Reference Report No.' l&L 710/540) 

Comparison of Resistance Characteristics of Unslsed 19-Ounce 
NJrlon IXick with Those of Sized 17-1/2-Ounce Nylon Duck 

Plies 

Equivalent 
Steel 
Gauge 

Ballistic Liait 

Material Gal.   .451 M* 

17-l/2-0unce, Sized 9 .055" 500   

19-Ounce, Unsized 11 .056» 627 1260 

17-1/2-Ounce, Sized 10 ,037» 675 1215 

19-Ounce, Unsized 12 .059« 629 1233 

l?-l/£-0ur.ce, Sized 11 ,040» 704 1310 

19-Ounse, Unsized IS .043" 665' 150S 

17-1/2-Ounc», Sized 12 .044" 750 1360 

19-Ounce,Unsized u .046" 688 1550 

1, Cal.  .45 steel-jacketed ball projectile - 250 grains. 

2. Sal« .22 fragment -a jjmilating project.Ua - 17 grains. 



TABLE 17* 
(Reference Report No. IAL 710/660) 

Sumaary of Penetration Teats Conducted at Watertown Arsenal on 
Saaplea~of Nylon Parachute Cloth 

Sample 

Equivalent 
Steel 
Gauge 

NFD-168/3 .044" 

r!FD-170 .044" 

NFD-172 .044" 

For Compar ieon: 

17-1/2 o«. Nylor. Duck .044" 

Ballistic Unit (F/S) 

G-21 Cal. .4S2 

1370 676 

1435 656 

1435 712 

13 GO 750 

1. Cal.  .22 fragment-aioulating projectile - 17 grain«. 

2. Cal. Ai  (steel-jacketed) ball projectile - 230 grains, 
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TABLE XVb 
(Reference Report Nö. WaL 710/660) 

o 

Data Concerning Three Samples of 
as Reported by E. I. DuPont de 

Hylon Parachute Cloth 
Nemours and Cosp&ny 

■ --- 

DuFont Style Number . 

D NFD-170 NFIV-168/S NFD-172 

Tarn Type Bright High 
Tenacity 

Bright High 
Tenacity 

Brigit High 
Tenacity 

Tarn Count: Warp 
Filling 

70-25-5 
70-25-5 

70-23-7 
70-23-7 

105-54-5 
105-54-S 

leave Cargo 2x1 Twill 
Rip-Stop 

Taffeta 

Construction (loom count) 80 x 84 84 x 92 60x 64 

Reed 4012 4212 5012 

Reed ffidih 40" 40.9" 40" 

Picksheei 64 90 64 

Finisher Huguet Huguet Huguet 

Finished Construction 90xö8 96 x 98 66 x 67 

Finished Width 55-1/8" 56» 54-5/4" 

Porosity 115 126 81 • 

Thickr.ee s 0.0065" 0.0056" 0.00C2" 

Weight (os./sq.yd.) 1.85 2.00 2.04 
• 

! 
■ 

Tensile Strength (1* strip) 94x86 lbs. 99x96 lbs. 111x104 lbs. 

Tear (Tongue) 6.8x7.2 lbs. 12,7x12.1 lbs. 9.6x9.4 lbs. 

Tear (Trapozoid) 14.5x16.7 lbs   23.5x27-0 lbs. 

• Elongation 26 x :   I 25x52* 25 X 45* 

» 

"   . 

• 

mm 
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TABLE VHa 
(Reference Report No. HL 710/655) 

Suanary of Ballistic Tests Conducted at W>terta»n Arsenal on 
Various Samples of "Fiberglas1' submitted by 

Owens-Corning Fiberglas Corporation 

Sample 

ECC-112 
SCO-US 
KCC-115 
BC0-U6 
ECO-117 
SCC-127 
ECC-128 
ECC-158 
ECC-138a 
ECC-161 
ECC-162 
X-1549 
1-1581 

Wo. of Plies 

107 
96 
94 
75 
79 
58 
43 
52 
52 
18 
19 
14 
59 

Equivalent 
Steel Gauge 

.044" 

.044"- 

.044" 
•044» 
.044" 
.044" 
.044" 
.044" 
.044" 
.044" 
,044" 
.044" 
.044" 

Ballistic Limit (?/S) 

Cal. .451 

698 
525 
588 
698 
671 
647 
595 
694 
758 
752 
618 
669 
549 

1056 
licq. 
1050 
1062 

974 
1032 
1090 
1154 
1108 
1188 

956 
1022 

988 

For Comparison» 

17-1/2 Ounce 
Nylon Duck 12 .044» 750 1560 

Hadfield 
Manganese 
Steel 
(Average) 

.044" 940 1660 

1. Cal. .45 (steel-jacketed) ball projectiles - 250 grains. 
2. Cal. .22 fragment-simulating projectile - 17 grains. 

* \ 
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TABLE VIIc 
(Reference Report No. HAL 710/653) 

Correlation Between Resistance to Perforation of Fiberglas Samples 
and Their Tarn"and Texture Characteristics  

Ends 
per 
Inch ballistic Liait  (F/s) Sample 

Cal.  .45  (steel-jacketed) Ball_Projectiles: 

549 1-1331             39 
568 ECC-115            48 
593 ECC-128           42 
613 ECC-152           28 
647 SCC-127           42 
669 X-1549             21 
671 ECC-117            64 
693 "CC-112           40 
698 ECC-116           60 
732 ECC-161           23 
755 ECC-13S           64 

Cal.. .22 Kraj/OTnt-Simulatlji,? Projectiles 

956 ECC-162           28 
974 ECC-117            64 
968 X-1S81             39 

1022 X-1549            21 
1050 SCC-ilS           48 
103c BCC-U2           40 
1062 ECC-116           60 
10€2 ECC-127           42 

1090 SCG-123           42 
HOG BCC-133           64 
1138 ECC-151           28 

Tarn 

225-1/3-5 Tri 
225-1/0-li TPI 
225-1/3-5 TPI 
225-2/5-5 TPI 
450-5/2-5 TPI 
225-4/4-5 TPI 
225-l/O-lJ TPI 
450-1/2-5 TPI 
450-1/2-5 TFI 
450-4/5-5 TPI 
450-2/2-5   TPI 

225-2/S-5 TPI 
825-1/0-ii TPI 
225-1/3-5 TPI 
225-4/4-5 TPI 
225-1/0-1^ TPI 
450-1/2-5 TPI 
450-1/2-5 TPI 
450-3/2-5 TPI 
225/1/3-5 TPI 
450/2/2-5 TPI 
450-4/5-5   TPI 

• 

■ 
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TABLE VIXI 
(Reference Report No. IfcL 710/615) 

Sumnary of Ballistic Tests Conducted at Watertown Arsenal on 
6-Ply Glass Nebbing Submitted by Russell Manufacturing Company 

Equivalent 
Sample Tested                    Steel Thickness 

Ballistic 

G-l-S1        G-l-A2 

Lim 

G-25 

i t 
• 455_ 

Tautly stretched on rijid wooden frame-back unsupported: 

1300 
1360 
1660 

J.ass webbing  (C-ply)                   ,07S" 
Nylon Duck (12-ply)                       .044* 
Kadfield Steel (Average)             .044" 

1121              691 
1105              566 
1050             475 

736 
750 
940 

Strapped on sawdust-filled canvas duocy: 

Glase Webbing  (6-ply)                   .Cf9» 
Nylon Duck (11-ply)                      .040" 

1175               
1090               

1360 
1360   

1. Cal. .30 (34 grain) 
2. Cal. .30 (150 *rain) 
S. Cal. .22 (17 grain) 
4. Standard Cal. .45 ball aaraunition  (st»el-jackat«d 230 grains) 

i. 



TABLS IX 
(Reference Report No. 1AL 710/649) 

Summary of Ballistic Tests Conducted at ffatertowi Arsenal 
on Samples of 7-Fly Silk wSFbihg "Supplied by 

Russell Manufacturing Company 

I 

Sanple Tested 

Silk lebbing (7-Ply) 

Nylon Isbbing 

Mylon Duck (12-Fly) 

Glass WBbblng 

Hadfield Steel 
(Average) 

Ballistic Limit ft*) 
Steel Thickness Cal. .451 0-g2 

.042» 724 1336 

041" 537 1053 

.044" 750 1360 

.079» 786 1300 

.042" 920 1630 

1. Caliber .45 (steel-jacketed) ball projectile - 250 grains. 

2. Caliber .22 fragaent-e isolating projectile - 17 grain». 
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TABLE 1 
(Reference Report No. WAL 710/659) 

Summary of Penetration Testa Conducted at Watertown Arsenal on 
5aaaples~of Weinberger Projective Fab -ic and It3 Cbmponenfa" 

Sample 

Complete Assembly 
4 Plies Corded Component 
3 Plies Corded Component 
3 Plies Corded Component 

(coated with rubber) 
4 Plies Quilting 
3 Pliss Quilting 
2 Plies Quilting 
I Ply Quilting 

For Comparisont 

II Plies 17J os. Nylon Duck 
Hadfield TJanganese Steel 

Equivalent 
Stoel 
Gauge G-l-A1 

Ballistic 

G-l-S2 

jiits 

fr-25 

(T/B) 

Gal. .45* 

.040" 

.046" 

.034" 

.046" 

488 961 1108 
104-1 

990 
1028 

560 
505 
474 

.068" 

.051" 

.034" 

.017" 
    1060 

804 

735 
694 
£03 
460 

.040" 

.040" 
567 1058 

SOO 
1S10 
1600 

704 
900 

LCfcl. .SO fraraent-einsulating projectile - 150 grains. 
2.Cal. .50 fragment-oiwulating projectile -   54 grains. 
5. Cal. .22 fragasnt-eiaiilating projectile -   1? grains. 
4.Cal. .45 (steel-jacketed) ball projectile - 330 grains. 
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TiBLS XI 

CoaparatlTO Beolttaaco to Perforation by 

Pel. ,M$ lall Projoctlleo of Tarlono Fobrlo Jflgg 

Material 

IqolT. 
Steal 
Gauge 

Cal. •Ü? 
* Seftroaet 

Ballltiie 
Lialt 

figure 
of Merit 

11 pilot #8 Cotton Dock ,0U7e 395 41 Cable : 

U pilot corded component of Veinberger 
Prot. fabric 

.oU6» 505 56 Table X 

lylon Belting- .Oho- 517 57 Table T 

flberglae (X-1581) •OhU« 5U9 5« table Tlla 

lylon Boltia* .OUl» 537 59 Sable T 

Weinberger Protective fabric .oto« 560 62 Table X 

fiberglaa (iCC-115) .OUU" 588 63 fable TXZa 

fiberglaa (BCC-128) .OhU» 593 63 fable fZXa 

fiberglaa (BCC-II3) .OUh* 623 66 table flla 

fiberglaa (XCC-162) ,0hhe 618 66 table TXXa 

fiberglaa (SCC-127) .Ohh« 6*7 69 table Tlla 

■ 

3 plloa quilted eoapoaoat of »•iabarger 
frot. Fabric 

.051» 65* 69 table X 
• 

lylon Parachute Cloth .OhU. 656 70 fable Ha 

19 ounce unilned lylon Duck (12 pilot) .039» 629 71 fable XIX 

• Flberglae (100-117) .<*»• 671 71 fehle fZXa 

fiberglaa (X-1^9) .<**• 669 71 fable flla 

19 ounce aaslaee lylon Dock (lU pilot) .0*6» 688 72 feble XXX 
. 

lylon Paraobato Cloth .OM»o 676 72 fehlt Xfa 
t lyloa Paraohnte Cloth .Oh*.. 698 73 fahle X 

1 31 pllo« Plbarglai (KCe-ll-162) plao 1 
ply 17* os. lylon Duck with $• qalltlng .0*5. 697 73 table TI 

. 
19 ounce uasiaod lylon Dunk (13 pilot) .<*3« &} 7% table XII I 

fibarglas (1C0-112) .(Aha 698 7* fable nia 

fiberglaa (lOC-116) .m» 698 7% f*»l* flla 

Jlberglat (100-138) .0*0 «ft. 7* fehlt IXU 1 
: • —a. 
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Material 

CABLE XI (OOR'9) 

Iquir. 
Steal 
Gange, 

ialllitlc     fliSS 
Liffllt       of Merit»     lifffMCi 

21 plUs FlbnslM (BOO-I62) Pia« 1 Ply 
17i ei. lylon Duck with S-inch qoiltln« 

23 pile« Plborglat (100-162) with ?• 
aulltlnc 

lylon farachute Cloth 

21 plloa liberal»* {SCC-I62) plus 1 ply 
17i 01. lylo» Dock with W-inch quiltin« 

ZI plioa Jiber«las (100-162) plus 1 ply 
ITS ox. lylon Dock with 1-inch quilting 

11 plloo sind 17i 01. lylon Dock 

Tibergla« (ICO-I6I) 

Tibergla» (lCO-13«) 

Silk Webbln« 

12 plies sized 1/1 ounce lylon Sock 

17 Plioa Tibsxgias (1CC-16?) pint J plio« 
eitod l?i «unco lylon Duck 

,0h5« 

.oi«5 

.Ohh« 

.oh5» 

.o»»5" 

.0M0« 

.OhU> 

.<*U» 

.0^2» 

.Ohh» 

.0U5i 

711 

710 

712 

729 

738 

70U 

732 

73« 

72^ 

750 

766 

75 

75 

76 

77 

7« 

78 

78 

79 

79 

80 

so 

Table TI 

Table fX 

Tabl« XT* 

«•bi» n 

Table fI 

Table 2 

Table Til* 

Table TXI* 

Table II 

Table I 

Table TZ 

•Il*ar« of aerlt determined by thio foraola;    Tna * l0°   wharo TSÜB ie the 
ISS 

balliotio liait of the subject aasaple «md Tg^ la the characteristic ballietic 

liatit of an equlTalent weicht of Eadf ield aancanes« itMl. 

I \ 
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t 

h. 

TiBUIII 

Oil. %Bt JBMJBS Btirtatlaf Projectile« of jjgtggi fabric Saaploe 

«t*fT*»l 

. 

■ 

11 pliee #6 Ootton Hack 

flkerglaa (IC0-1S2) 

Wbergla« (lOC-117) 

flkergla« (ICO-I58) 

■ylon Belting 

3 pi lee of corded component of Weinberger 
Prot. fo.brio Coated with Fakrle 

k pllo« of oordod component of oelakerger 
fret, Pabrie 

Flkerglao (100-115) 

fiborgla« U»1^9) 

FlkerglaB (100-112) 
flOOTfflM   (BJC-116) 

Flkerglao (100-127) 

■jrloft Belting 

Flkerglao (KO-II3) 

Fiborgla« (100-128) 

FlborsU» (IOÖ-I38) 

a plioo Flkerglao (160-162) ploe 1 ply 
•load 171 o». lyle« Book wtte 8« oallttag 

•yloa Belting 

Sylow Belting 

a pliee flkergiae ikOO-lfe) plsw 1 ply 
•laod 17§ osooo l>loa Book with S-iaoh 

«jrtltmg, 
Flkerglao (109-139} 

a PU00 Fikarglae (100-162) $M 1 ply 
«ioed lTj •«. I7I00 Dook «It* I« «oillftla* 

IfBlT. Oml. .22 
8 tool lollloile 

Liait 
Figure 

of Merit* Koforoaeo 

.Okj« gar» 52 Tokio X 

.Ott« 95« 58 takle TIlo 

.Ott« 97* 59 »able TIXe 

.Ott« ym 60 takle TXIa 

.OkO« 973 61 takle f 

.0k6« 1020 61 takle X 

.0)16« 10tt 62 takle X 

.Ott« 1030 62 takle fXX» 

.Ott« 1022 62 takle fXIa 

.Ott« 1036 62 takle Tita 

.Ott« 1062 6k taki« Ylla 

.Ott« 1082 65 takle Tlla 

.OUl» 1053 65 takle T 

.Ott« 1101 66 takle nia 

.Ott« IO9O 66 takle FIX» 

.Ott» 1108 6? takle nia 
-■ 

.005« 1130 67 takle n 

.OHO« IO75** 67 takle V* — 

.oki« 1085~ «7 takle T 
* 

.0k5« 1138 68 takle n 

.Ott« 113* ff takle YZSa, 

.oi«5« 11*8 69 table fX 

■ 

? 



r 
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tau HI («arts) 

Matoriai 

lOUiT. 
SUol     1 

.0"X>» 

Cal. .22 

loforoaeo 

fablo Z 

lalUatie 
llfidt 

1108 

figarm 
of Morlt* 

m V«lab«rc«r ProtMtlv» I»brio 

a pllM riborcl*« (100-162) plm 1 ply 
•is«d l?i ot. *yloa Dook vith 1* qttilttn« .<*5- U73 70 tablo ?I 

$ 

23 Pile» Mborgla« (100-162) vith 2" 
oailtlac .oi»5» 1189" 71 fablo fl 

23 pli»» f ib»r«l*» (100-162) pin» 1 ply 
•i*»d ITi o«. lylon look with 2«aulltlBC 

.chg« 1230** 71 tablo fI 

17 PllM flbarglaa (KO-162) pins 3 pllM 
•i«od lib 01. hylon Dock with 2*qolltiBC 

.oU5» 1208 72 tablo n 

fibOTgla» (ICO-I6I) .ObA« 1118 72 tabl« nu 
«■r 

23 pll«« Pib»rgla» (ICC-I62) plus 1 ply 
•lt»d 17^01. lyloa Dook with 2* ouiltiac .<*9* 1290 7% tabl« rx 

13 pli«« ttnsiwd 19 otme« lyloa Dook .0U3« 1309 80 tabl» XIX 

Ik pli«« aasls»d 19 oime« lyloa Dusk .oh6« 1350 80 tablo XXI 

12 pli«« aa«it»d 19 ounce lyloa Dook .039- 1283 ei tabl« XIX 

11 pllo« »iaod 17i onaoo lyloa   Dock .oho« 1310 82 tabl« 111 

12 pli«« «laod 17i ooaoo Ijrloa   Dook .<**• 1360 82 tabl« XXI 

Silk wobbia« .0h2» 1336 82 tabl« XX 

lyloa ParaahatO'Cloth .Ott« 1370 83 ?abl« Tfa 

11 pli»« «iaod 17i 0». lyloa Dook .0»X>« 136*** 85 tabl« X 
lyloa Poraohato Cloth .ohh« !>35 86 tablo IT« 

lyloa Paraohato Cloth .<**• 1*35 66 tabl» IT« 

lyloa Paraohato Cloth .(*$• i*r u tabl») I 

■ 

•Pigur« of Merit d»t«rain»d fro» th» foraol»: *SC» 

»olliatlo liait of th» «objoet oaaplo sad TMA|> th« 

* M>. «a •ro fsm if 1 tbo 
V 

» eharaat«ri«tie aalllttla 
• limit of aa «aulvaloat w»Uht of JaaafUld ■«afaaai M »tool. .    • 

. 

••A» «tr»pp»d to •> «avdaat-fillod aesrss « UMQF* 

•* 

* 

A 
\ 
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taBUXIH 

jgggg BjBSB e* fiBiS for SSJSB y*brio* 
With Baapact to thalr Perforation by Oal. jg Ball Frojactll« 

Material 
Arerage figure 

of Merit 

lylob  tok - Sited 

Vlbargla« (100-138) 

Silk «obblac 

lylon Parachute Cloth 

lyion Duck - Bneised 

Weinberger Protective fabric - «Jiilted Sleaeat 

Voiabarger Protoetiro Fabric - Ocaplete 

lylon Belting 

ieinberger Protective fabric - Corded Ileeaat 

Cotto» Oaok 

79 

79 

79 

73 

72 

69 

62 

5« 

56 

hi 

■ ■- 

, I 



rv 

«alMHIT 

jgggog fig«»« gf ggtff for Tarlona Fahrlaa 

With Baapact to lhair Porforatlon by Cal. «22 

Fragaamt-glaaaatiac Projoctllo«. »-2 

Material 

lyloB Paraehuto Cloth 

■ylon Dock - Slsod 

811k Wobbiag 

■7I0B Duok - &ataad 

Fib.rglaa (JSOC-161) 

■alnbargor Protoctlro Fabrie - Oeaploio 

■yloa Bolting 

»olabor gar Fro toe tiro Fabric - cfcrdad KLOBOB« 

Woinbsrgor Frwtootlva Fabrto - Babbor-eoaUd 
Cor dad xiaaaat 

Cottoa Dask 

Ararat» Figaro 
of Morlt 

«5 

82 

82 

80 

72 

fa 

63 

62 

61 

52 

' ^ 

1 


