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Abstract

As the operating condition for the penetrating missile has been more advanced, the survivability of main charge

has been strongly required when the warhead impacts the target. Lots of efforts to desensitize explosives such as

the development of insensitive molecular explosives or optimizing plastic-bonded explosives(PBX) systems has been

made to enhance the survivability of main charge. However, these efforts face their limits as the weapon system

require higher performance. Herein, we suggest a new strategy to secure the survivability of main charge. We

applied structurally supportable aluminum honeycomb(HC) structure to cast PBX. The aluminum HC structure

reinforces the mechanical strength of cast PBX and helps it to withstand external pressure without the reaction like

detonation. In this study, impact resistance character, shock sensitivity and internal blast performance of PBXs

reinforced with HC structure were investigated according to the application of aluminum HC structure. The newly

suggested aluminum HC structure applied to cast PBX was proved to be a promising manufacturing method

available for high-tech weapon systems.
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Fig. 1. Conceptual illustration

2. Materials and Method

E3sloF Alzd &ggk 1EA A= @A
W3}8te] SR-45HT(HTPB, Hydroxyl Terminated Poly
Butadiene)E AH8-3}1 3 Hydroxyl Indexi= 0.861 meq/g
olth. 7FAaARE @l 3] DOA(Dioctyl Adipate)
T BASFAFY] IDP(Isodecyl Pelargonate)E A}-8-3)
Fom AH3AZ= Sigma-Aldrich®] IPDI(Isophoron
Diisocyanate) S A3} 3L NCO Index:= 8.93 meq/g®]
o}k 33 Sl e 5<91312Fe] TPB(Triphenyl Busmuth)
= ARgsklth S EA steke @Ekste] RDXE,
TEHEARE @AY LFHEEE(AL-10sf, d = 10 pm)
= ARESRGh AR AR UiEsE T x2Ale o
Aa7e] 3175 mm, 4.76 mm 2 635 mme] A=
7], 50 yme] FAE 7HA= HC g dFny T
A A, FEEEY W Gl BHA 7heste] A}
sttt

2.1
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I20|s HC XM E xakst Zxs =gt
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od=nly HC TFRAS A8d Fxy Hatsioro)
Z23& oo} o] AAHAT

12 ~ 20 wt% Polyurethane binder

40 ~ 51 wt% RDX powder

35 ~ 40 wt% Aluminum powder

3.175 mm, 4.76 mm, 6.35 mm unit cell sized

Aluminum honeycomb structure
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Zxﬂﬂ' A Sz HB3ster SelgE S st
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ol Al 73t A3} AlZIth H X BrookfieldAte] DVIM
AEAZ 1 rpme] 2713}l T-D spindle(No. 94)S A}
435l 543193 =% Shore A DurometerS AFE-
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201 U=2N

GG HC FRAVE 488 skl HHL
’d2 INSTRON 3369 Universal Testing Machine(UTM)
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charge) ¥ U¢FulF HC +=A4 Az A
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2.2.3 LSGT(Large Scale Gap Test)
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Fig. 2. Cross—section of large—scale gap
test assembly!'®
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Fig. 3. Aluminum honeycomb structure ompressive:strain (%)
applied cast PBX Fig. 4. Compression test s—s curves of PBXs with
honeycomb structure with different unit cell
A3 ¥4 9 23t dHE 5o HHINE ¥42 size
2 3t F7IAA 48EE ek HevaTt 2
ZTHEs 1S uf, HAe] TAdFS vl & ST HC Fx2AVF AAarE= Aed 5%
== dukz o oaﬂ‘ﬂ‘j:i.-‘ﬂr‘?q(Thermobanc Explosives) slefke] FHAIE AAE Fig 4 2 Table 19] 553}
o= ALY At sieke EApsiel o]elom= Ptk &FvE HC TRAE AEd A5, ddEd)
dFuFoR Yiye %%OSE% TR R 4 shok ] 4588 9 v EdA E714 S A
Sstomy, Fd T AdE a2 H 319ke] Ao IS R 4 low, Ax AV7t #5555
7] T Akt 5E5A8e FALREESS FE A EEY FUEATE e o Yehgth Axta7]
Aoz AA FAE F JEE AAE shefolr;. &7 3.175 mme] HC +xA17F 289 H3sleke] 45 ¢
v HC F2A7F aEsiefl| 8" A9, 7324 ZS2o] 54107 MPaZ, 0.6221 MPa9] ¢I&$#S 7}
Ao Rk S0l ek ol AsAst o] A& %"é%@@r“ v oF 870 % SUlE A Hd
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Table 1. Result of compression test of PBX with honeycomb structure with different unit cell size

A AKX 37| S (g) ot =28 s Hee Modulus
(mm) Sxx) B0k 4+ TLaxY (MPa) (%) (MPa)
PBX - - 35.85 0.6221 41.445 42398
PBX w/ 1/8" HC 3.175 24 34.49 54107 2.746 473518
PBX w/ 3/16” HC 476 1.6 35.13 3.2965 3.035 300.0781
PBX w/ 1/4” HC 6.35 12 35.35 2.4901 6.753 111.2304
spot) &2 Z}-g-sto] slopukg-g opy|skE Zlojtil &) Eol7t TrdEF skl A9- 55 mel Aol Wl AHx
oF o] 73 FEL 1) 0.1 ~ 10 pm& =71, 2) 7] 476 mme HC 247} 249 Sgslofo] 7
700 K ©]49 2%, 3) 10° ~ 107 sec?] ALA7E 3 $ 7 mZ 1.5 m =34t} olF B3I Hislek 4
7HA] Zzde] WEEQE uf d¥o=A Zggria vlE HC T2A7F A4 HAS Al &7 P st
dHA AP HAFEAAA peiA= st whE TAS FTE B olUet shefe] WS HAHo
AAH FAL Bysiere] WP oblsln N T = sl Mg BsAS AN & g 3
5o BAgERAPoRA Bokel da, EQ ol W @ 4 Qi FRHoRE PR DelAe] Tt A
29 dog & Yo 4 FHBY AR 24 S aRHAe FAT 5 gl
H 9%ulE HC FEAS AT A, s Mye
A28 A 7] W 5 dPoEA e 48 WA Table 2. Result of set—back test of PBX with honeycomb
FORA AN AEY Pl E=ws = T e structure with different unit cell size
ZFA A o 3lo)3s) 2= 9) —
AEASE | —l———E = = T /\)\E]'- %a%‘ﬁﬂ.(kbar)
Lhshzo|
3.2.2 Y52 molAlH (m) pex | FBXw/ | PBXw/
WNEA mOAGe sobel w2 Hepge I/47 HC | S/6" HC
Hrksls dxAd Hr7PIY 5 shuelvh 28 8.0 78 (G) 5.884 (G)
A BAFE AL &bl Ui shefel] 17ty 75 5.96 (G)
+ Set-back forceE WA}S}al, Set-back forceol tdk 3 688 (G
sfopel WS k] %) ek A Hol, ‘ *©
AlAd el Hskg=oll ol dAl Z1AH F4o0l 7.0 7.51 (G) - (N
sfepl Qbslmz WEANel tE HuHel va S0 &,
=2 PGt 78k 6.8 7.15 (N)
Al HC FEAVL AADAR AeA B s | 2@ | 12 M
sfopsl JWEA wOIAY A3E Table 2914 1%
F 9tk g Eolo] mE shefe] Wl (G 0 | MO | -®
‘Go, 3}oF HHS, N’ No Go, 3}eF mukgnel =1 5.8 3975 (N)
w shepol Q7bE: FAGES Aestanh 2709 o 2
olEl7t AR AL Y @k =& A4 F 54 >3 763 (G)
shEoldlA o] Alge] 23] AAlE Aot} AlE A} N/
& ATRH 4554 APE T} FAEHA, AR 5.0 7.49 (N) 6.357(N)
7V s WA Fuadst Hold A4S #<l 40
@ 5 Ak sherel s0 %Sl MIHEL A el ' ~®
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Table 3. Shock sensitivities of PBX with honeycomb
structure with different unit cell size

LSGT Zxgt
A=
£+24 (kbar) FIEZ(A
PBX 54.0586 108.22
PBX w/ 1/4" HC 53.4323 110.00
PBX w/ 1/8" HC 53.1015 110.95

3.3 =S Mds"rt

Az oz zlofe] AMFe hF A 27HA EEw
EXel A g3 2A%o v RE AR WEF
AEARSAHS E3] Aol w2 ZEx) o] W
s AS T ded, ol2FH Hu o€y
Z239 e HE el F4%EE 7+ 5 Uk 5
3], ZuatAoA FEAR 93 1, ¢t AEE
45 g e FAY #ol ek 4%
< Z YepE £33 5A4olth

slokel A5S ALt B vusly] faie AlES
B3 Ao 239 BA e T8 71EskeRel INT

ofe] AJdiHlalE Fste] TNT F-3uiH] AJ5H|(TVPR;
TNT Volume based Performance Ratio)S T3} Z©]
kAot TNT F-I]uju] 5|7} on|she v,
Algdslora e Aol EHFa A HEA
el Ao 2 o]F Fake A2 ol

Per formance,,y

TVPR = (5" 1
-Per formance (PQTfOVWZd%CQTNT)R’V ( )

=
VTNT - Vtest ]UE ZJEH ?:}—a ]:71"; %7—1

A ASHIE Tk A5 okeeh 2.

pressure,,q
TVPRpressun = - (2)
pressure pyr
impul se,
TVPRzmpulse = z'mpulse (3)
TNT

ohRulyF HC FZRAZ ARV Aew =3
shofe] E Bl Ul I3 AYASAFOZTE A
ol Mz EF3 =] Wsds AS5ee] 92
HUgdE 9 F4FS Flg 5 @ Table 49 $=35}9)
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Table 4. Result of blast performance test of PBX with honeycomb structure with different unit cell size

e .Téiﬂ-j:_l[!.lkodl-&l‘ .\g-,_lll'%?_d‘%k TNT Sx|ciH]| M-SH|
(psi) (psi*sec) =|cHot e
TNT 32.9959 0.7719 1.00 1.00
PBX 34.2439 1.0267 1.01 1.33
PBX w/ 1/4" HC 35.2349 1.0364 1.04 1.35
PBX w/ 1/8" HC 33.8966 1.0184 0.99 1.32
T2 A F 34 %). wWEA AlE A3 sl
M R — Apol7k gl Aow dgsiglont, AnAow o g}
12} 9] ¢FvE HC TE2A9 A& ofF 9 Axar]
of wE a¥E wu|Eglon ol AIAHS Hol
Lor A itk ol Zuk f7elN LRuE HC TE2A
& o8 ek As=A kgl s AdsAst anrt g
C H Ao diEch
06|
04|
4. 83 B
02|
0.0 2 AFME Ag 7AA F40] rtEE HFE
PEX PBX w/ PBX w/ A MY Fgeke] AE HE $lto] dFvE
e e FEAR 7] HC TERAS A8d Fxd 2@
Explosives OFO ol == o] =4 P
oF& AF3laL o9 B4 TS FJreg. 4
Fig. 5. TNT volume based performance ratio of PBX B4 AlY Ay, dFuE TZA7F Agw Bt
with honeycomb structure with different unit sleko] 71AA EAo] ddEFsteko| vl AA F

cell size
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