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Considering the ultimate unique potential benefits of the concept, 

AFML Director's Funds were requested and provided to purchase test panels 

for conducting preliminary gunfire tests to assess the merits of this 

new self-sealing materials concept. 

The nature of the self-sealing materials composite panels procured, 

their performance under gunfire, and the recommendations made regarding 

future work in this materials area are discussed in detail in this 

report. 
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in Figure 2, while Figure 4 shows the test configuration for Shot 12. 

Shot 11 was a .50 caliber ball M2 projectile. Shot 12 was a .50 Caliber 

APIM8 projectile, functioned, and Shot 13 was a 20 millimeter target 

practice round. The bullets struck the test article at approximately 

7.5 inches, 7 inches, and 12.5 inches respectively below the fuel 

surface. There were no fires. Only the entrance wounds for Shots 11 

and 12 sealed. The entrance panel and backing board wounds caused by 

Shots 11 - 13 are shown in Figure 17. Figure 18 shows the damage to 

exit test panel and backing board for these shots. Shot 12 exited in 

the vicinity of the exit wound inflicted by the previous shot, producing 

a single large tear wound in both the test panel and the backing board. 

The 20nim round (Shot 13) caused severe damage. Figure 19 shows the 

heavy stream of fuel leaking from the entrance wound inflicted by this 

projectile. 

3.  ANALYSIS OF GUNFIRE TEST RESULTS 

The test panels were closely examined after removal from the test 

cube assemblies. Table 1 provides a description of the damage. Exit 

wall test panels suffered more damage than entrance wall test specimens. 

Entrance wounds inflict d by the .50 caliber projectiles (Table 2) generally 

sealed or the fuel leak was not more than a seep. Although the self- 

sealing reliability of this system was not good for the cored wounds and 

the misaligned slit wounds, fuel leakage in many instances was limited 

to a seepage type leak (Table 3). The panels containing sealant 

pressurized to 150 psig proved to be slightly more effective in sealing 

wounds inflicted by .50 caliber projectiles (Shots 3-7) than the 

test panels wherein the sealant was under a pressure of 120 psig. The 

damage inflicted by the .60 caliber and 20mm ball projectiles was 

catastrophic (Figure 15 and 19). 

For the most part, the backing board appeared to provide good 

support. Due to the inadequate support provided by the tank stiffeners, 

there were instances, as indicated above, where the backing board 

suffered tear damage and did not provide the support needed to keep the 

slit wound in alignment. The quilted pattern construction fabricated 

to confine the pressurized sealant exhibited good tear resistance in spite 

of the lack of support. 
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TABLE 1 

DAMAGE DESCRIPTION 

\ 

Shot No. 

1 (.50 CAL AP) 

2 (.50 CAL AP) 

3 (.50 CAL API) 

4 (.50 CAL API) 

5 (.50 CAL AP) 

6 (.50 CAL BALL) 

7 (.50 CAL API) 

8 (.50 CAL AP) 

9 (.50 CAL API) 

10 (.60 CAL BALL) 

11 (.50 CAL BALL) 

12 (.50 CAL API) 

13 (20 mm TP) 

Entrance 

.50 inch hole-very 
slight coring 

.50 inch hole - no 
coring 

.50 inch hole - no 
coring 

.50 inch hole - no 
coring 

.50 inch hole - no 
coring 

.50 inch hole - no 
coring 

.50 inch hole - no 
coring 

.50 inch hole - no 
coring 

.50 inch hole cored 

.60 inch hole cored 

.50 inch hole - no 
coring 

.50 inch hole - part 
of jacket lodged in 
wound 

Exit 

2-1/16" long slit - 
some chunking, no 
coring 

2" long slit - no 
coring 

2" long cored wound 

1-1/2" long cored 
wound 

2" long wound - no 
coring 

1-3/8" long cored 
wound 

1-3/8" long cored 
wound 

2" long - wound 
misaligned 

1-1/8" long wound - 
no coring 

approx 4" long 
wound - misaligned 

2" long - no coring 

1-1/4" long - wound 
misaligned 

.75 inch hole 
cored 

badly  badly cored 

;:"», 11 
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TABLE 3 

PERFORMANCE AGAINST CORING/CHUNKING 

Shot 1 

Shot 3 

Shot 4 

Shot 6 

Shot 8 

Shot 9 

Shot 10 

Shot 13 

Shot 13 

Shot 1 

Entrance 

Exit 

Exit 

Exit 

Entrance 

Entrance 

Entrance 

Entrance 

Exit 

Exit 

.50 AP 

.50 API NF 

.50 API NF 

.50 BALL 

.50 AP 

.50 API F 

.60 BALL 

20mm BALL 

20mm BALL 

.50 CAL AP 

Very Slight Seep 

Damp Seal 

Heavy Running Seep 

Medium Stream 

Medium Seep 

Very Heavy Seep 

Medium Stream 

Heavy Stream (Gusher) 

Medium Heavy Stream 

Medium Heavy Seep 

Shot 8 Exit 

Shot 10 Exit 

Shot 11 Exit 

Shot 12 Exit 

PERFORMANCE AGAINST MISALIGNMENT 

.50 CAL AP 

.60 CAL BALL 

.50 CAL BALL 

.50 CAL APIF 

Medium Heavy Seep 

Heavy Stream (Gusher) 

Heavy Stream 

Heavy Stream 

l 

APINF - Armor Piercing Incendiary Nonfunctioned 

APIF - Armor Piercing Incendiary Functioned 

13 
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TABLE 4 

SEALING PERFORMANCE BY THREAT 

.50 CAL API Functioned 3 shots 

.50 CAL API Non-functioned 2 shots 

.50 CAL BALL 2 shots 

.50 CAL AP 4 shots 

.60 CAL BALL 1 shot 

20mm BALL  1 shot 

ENTRANCE EXIT 

1 Seal 1 Seal 

2 Seals 1 Seal 

1 Seal 0 Seal 

2 Seals 0 Seal 

0 Seal 0 Seal 

0 Seal 0 Seal 

r%. 
14 

_—  

 - ̂ -^:"^^-^- 



^w^^B^äS^v—,^^^^7^7;-T!^^W=»S;^ 

AFML-TR-75-22 

.    . 

BACKING BOARDS 

SELF-SEALING PANELS-" 

STEEL PANELS-I 

PATH 
OF 

PROJECTILE 

Figure 1.    Test Cell Configuration No. 1 
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BACKING BOARD 

.063,  2024 T3 ALUMINUM SHEET 

STEEL PANELS 

PATH 
OF 

PROJECTILE 

Figure 2.    Test Cell Configuration No. 2 
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,   C 

i    ,1 

REINFORCED STEEL CUBE 

SEALANT 

SELF-SEALING PANELS I 

BACKING BOARD 

.063 2024 T3 ALUMINUM SHEETS 

STEEL PANELS 

090 2024 T3 ALUMINUM SHEETS 

I5ppi  FOAMJ 

Figure 3.    Test Cell Configuration No. 3 
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. 

RMH 
OF 

PROJECTILE 

BACKING BOARD 

063 2024 T3 ALUMINUM  SHEETS 

090 2024 T3 ALUMINUM SHEilTS 

STEEL PANELS 

Figure 4.    Test Cell Configuration No. 4 
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APPENDIX B (continued) 

TEST SHEET 

Sri 07 mmm        3 (.three)  DATE    5 April 1973_ 

FUEL TEKPfiRATUKE    ^0°f OAT k)0F 

TMRKAT • 
50 Cal API M8  (straight-in/non-functioned) 

COHf"! GURAT10M 
.063,   2024 T3 AlumAackboard/lSO# self-seal  ent  and exit 

CiiH  LOCAflON        38  feet 

HIT L0CAT,0N  -   WmKt ^^l^l^^^Jl^™  ^   SUrfaCe 

25.5" up -  14.5" across —  5" below fuel   surface 
HIT LOCATION - EX I' 

::.\Ti:?MAL FIRE    XK« (HO) 

FHTRAMCE SEAL AT INPACt    (VES.)    fW 

EXIT SEAL AT IMPACT     x^JEÄx   (NO ) 

EflTMKtt, SEAL AT 2 M!N  (YES)   x«8x 

EXIT SEAL AT 2 HiHUTSS  (YES.)   x*!«x  Damp seal 

RffTiJLVS'  No API activation noticed, very slight leakage at impact 
on'exit, damp seal at exit at 2 minutes.  3.5" vertical tear on 
backing boarö at exit.  No fuel leakage from test specimen dry 
floor).  Upon teardown it was noticed that exit was cored slightly. 
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APPENDIX B (continued) 

TEST SHEET 

SHOT NUKSER  k   (four) 

fUEl.  TEMPERATURE        '♦OOF 

DATE     5 April   1973. 

OAT 41 op 

THREAT .50 Cal API M8 LSlLäiätL*-in/non-functiöned) 

CONFiGÜRATfON Alum sheet/back board/l50# ent and exit  

SUN LOCATiON  38 feet  

HIT LOCATION - ENTRANCE 2^.5" up - lU" across — 6" below fuel surface 

HIT LOCATION - EXIT ^5" up - 22" across — 5.5" below fuel surface 

EXTERNAL KIRE   xKSfix (NO) 

ENTRANCE SEAL AT IMPACT    (YES)    Alfe Damp seal 

EXIT SEAL AT IMPACT xJf£Äx (NO) 

EUTRANCS SEAL AT 2 MIN (YES) xAWxx 

EXIT SEAL AT 2 Ml MUTES xXESx. (HO) 

RESULTS:  Impact loosened exit seal of shot #3 so fuel was leaking 
profusely, also leakage from bottom of panels.  Exit impacted at 
crossbar but did not break it.  Upon teardown there was not ooozing 
from wound.  NOTE PIECE OP JACKET FOUND ON INSIDE OP EXIT WOUND. 

40 
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APPENDIX B (continued) 

TEST SHEET 

SHOT NUMBER    5 (five) DATE  5 April 1973 

FUEL TEMPERATURE     ^t OA1 l*\0F 

THRfAT -50 Cal APM2 (straight-in) 

COUnGUHATION A1um sheet/back board/l50# ent and exit 

GUM LOCATIOM  38 feet  

HIT LOCATION - ENTRANCE 20" up - 21" across — approx 6" below^fuel 

HIT LOCATION - EXIT ,T 19.5" up - 9" across — approx 6.5" below fuel 
 .    surface 

CXTF.RNAI. FIRE    mx    (NC) 

ENTRANCE SEAL AT IMPACT    (YES)    Mk 

EXIT SEAL AT IMPACT xiKifixx (MO) 

ENTRANCE SEAL AT 2 MIN (YES) ittlxx 

E.XIT SEAL AT 2 MINUTES xm«, (NO) 

RESULTSs Medium heavy seep. Believed exit may have sealed after 
7th shot however upon teardown there was no oozing observed at the 
exit wound. 

m ■  ■^»ai 
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APPENDIX B (continued) 

TEST SHEET 

SHOT HÜKBER 6(six)  _ 0ATr    5 April 1973 

FUEL TEMPERATURE 
l+0oF 

OAT 
Jtiop 

fKRKAT "^ Cal Ba" M2 (straight-in) 

COt-'F !GURftT 1 ON Alum sheet/back board/1 50# ent and exi t 

GUM LOCATION   38 feet 

HIT LOCATION ~ ENTRANCE 2^! "P -  20"i, 
across ~" approx 9" below fuel 

--■—■--•-———— ——    surface 

HIT LOCATION  EXIT  ''♦" UP " "" across approx 11" below fuel 
surface 

EXTERNAL FIRu    m&x. (NO) 

ENTRANCE SEAL AT IMPACT x*»»xx   (MO] 

EXIT SEAL AT IMPACT Xtm            (NO) 

ENTRANCE SEAL AT 2 KiH )C«K3<x   ( no) 

EXIT SEAL AT Z  HI NUT ES ^«iötx   ( NO) 

REJUITS:  Cross-bar snapped at exit medium heavy seep at entrance 
and medium stream at exit at 2 minutes.  Backing board indicated 
+ shppe wound and it was theorized that the cell wall had misaligned 
at exit.  Upon teardown there was no sealant oozing from the wound 
and wound was slightly cored. 

42 
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APPENDIX B (continued) 

TEST SHEET 

8 (eight) DATE 10 April 1973 

FUEL TEMPERATURU  37 F OAT 390F 

THREAT • 50 Cal APM2 (straight-in) 

CCNFIGURATION Alum sheet/backboard/UOA1 self-seal ent and exit 

•IW LOCATION  .  38 fe^_ 

2U«  UD - 20" across   approx 5" below fuel 
HIT LOCATION - ENTRANCE lH    Up „__!.:_-_! --   surface 

H i T LOCATION -•  £XIT   21-1/2" up -  11-1/2" across — approx 7.5" below ---■  ( >  |:ue)   surface 

E.;m:RKAL FIRJ;       äfJSSJ        NO 

iTNTRANCt   SEAL  AT   IMPACT W»x MO 

ÜXIT   SEAL  AT   IMPACT K?* NO 

ETTfWiCE   SEAL  AT  2 MIM WÄ NO 

EXIT  SEAL AT 2 (•itNUTtS •*** NO 

iff'ULTSt L-shaped tear in backing board at exit medium seep 
entrance and medium heavy seep at exit at 2 minutes. Entrance 
was  slowing considerably;tore cross bar  at  exit. 
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>nOT  NUMBER 

APPENDIX B (continued) 

TEST SHEET 

10   (ten) DATE        10 April   1973 

FUEL   TEMFtRATURE 37  F OAT    390i ",: 

THREAT   -60 Cal Ball 

COMF IGURAT10N    Alum sheet/backboard/l 20#  self-seal   ent  and exit 

SUN  LOCATION 38 feet 

HiT LOCATION  -  eNTRANCt  '7" UP " 2," across aPPr0X  '0" below f{ie] 
 ™-~ surface 

HIT  LOCATION  -   EXIT     21-1/2" -  12" acr.oss  —  approx 5.5" below fuel n.i   uutM.iun       tAii  surface 

EXTERNAL   FIRE xW(»x NO 

«TRANCE SEAL AT !KPACT     Mi NO 

EXIT SEAL AT IMPACT mx NO 

ENTRANCE SEAL AT 2 MIN xyggx NO 

EXIT SEAL AT 2 MINUTES xm NO 

fiESULTS:  Medium stream at entrance - "gusher" at exit.  Exit shot 
was at same point as first shot.  Very severe tearing of both exit 
cell wall and exit backing board. Broke retaining chain and cross 
bars front and back. 
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APPENDIX B (continued) 

TEST SHEET 

SHOT  NUMSEf! "   (eleven) DA TF    12 April   1973 

FUtL   TEMPERATURf 410F 
OAT 49°? 

ThRcAT    «50  Cal   Ball   M2  ^Straight-in) 

COMFICilJf?AT!CN   Alum/back board/120# self-seal   ent and exit 

GUK  10CAT10N 38 feet 

H!T LOCATION  -  ENTRANCE   22" UP "  '3" across approx 7.5" below fuel 
surface 

HIT  LOCATION       EXIT ^^J^^JJPj^iyA" across  — approx 7.0" below 
fuel   surface 

fiXTFRNAL  FIRE ^bft^ NO 

KUTRANCE SEAL AT IMPACT    )«(SÖ(X    NO 

EXIT SEAL AT IMPACT m&. HO 

EMTSANCE SEAL AT 2 MIM YES    x^X/x 

EXIT SEAL AT Z  Ml HUTES *5e<*,x   NO 

REfULTSs Very slight seep at entrance which eventually damp 
sealed.  Heavy stream at exit and bad tear in backing board at exit, 
(see below) 

H 
back board tear 

47 
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APPENDIX B (continued) 

TEST SHEET 

NUMSEf .12..i.t.welveJ.  '^•''t    12 April   1973 

FUEL  TEMPERATURE OAT 
l^Op 

THREAT  "SO Cal API M8 (straight-in/functioned) 

CONFiGUNATION   Alum external sheet front/same as shot 11 

it'M LOCATION   38 feet 

HiT LOCATION - r.NTRAMCf 21-1/2" up - 20-3/4" across approx 7-l/'-(" 
below fuel surface 

HIT LOCATION - EXIT  23-1/2" .^up - 17" across approx 5-;lA" below fuel 
_ .      surface 

EXTtRNAl.  FIRE xMSs: NO 

EKTRANCE SEAL AT IMPACT    xm     NO 

EXIT SEAL AT IMPACT x**% NO 

EMTWANCE SEAL AT ?. MIN   YES xH8x 

EXIT SEAL AT 2 MINUTES xWX*    NO 

RESULTS! Exit occurred in close proximity to shot #11 ja heavy 
stream resulted from both shot #11 eind Shot #12 exits.  I'ery 
slight seep at entrance which eventually damp sealed. 

back board tear 
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APPENDIX B (concluded) 

TEST SHEET 

mm nmuH      13 (thirteen)  QATE lUssMJJlh 

FUEt.   TEMPERA lURE _, ifjJL OAT      ^    '♦goF 

rtlPfeAT     .20 nini_TP  

am?!S'JRftT 10i^    Alum/back board/UQtf self-seal   eat aai .^l 

SUM  LOCATiON       38 feet 

HIT  LOCATION  -   EriRAMCE i^utrJ.3™!!^!5--:: 

HIT Louvno« - EXIT JJ.il/^JfP i_.Ü!,J5.^L: 

— approx 12.5" below fuel 
surface 

- approx 13.25" below fuel 
    surface 

EXrECtNAL FIRS   x^ütix     NO 

ENTRAMCE SEAL AT IMPACT    xmx    NO 

EXIT SEAL A'i IMPACT *BX     H« 

ENTRANCE SEAL AT 2  MU *»»     NO 

EIMT SEAL AT 2 MINUTES W8     NO 

f?ESÜLTS}   Heavy gushing leak at entrance, medium heavy stream 
at exit. Approx 1" diameter hole at entrance - entrance shot 
hit cross-bar and removed portion of cross bar into wound.  Exit 
hit cavity metal and bent it. 
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