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rOGBEDBECRRESR T L, BHEOBREMII V1 F -0 LICEBRDS =
» PABEL, WHCHHEBALICAY ST IHROZ L THB, YHETIE, BREEL
IORBEDRIZL AHBOBHBDF Y FiIz o0 THNRT 1,
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ML TIE, 7§ EEIZS00S 1 F -l A Fig. 1 Schematic of shaped charge structure.
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gap 0. Smm

Fig. 2 Schematic of shaped charge used experiment planning method.
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Fig. 3 Picture of test—set up for shaped charge ex-
periment.

PN LI, ZORE)S, HEEEE L DS
57 RIS CMEMSFEET S LMWL, 02X
n, BROHEEE L BBEEOHLTHSTMDILEL
BERDAF XIS HHBHERX AL LD THUT
ci§s+s,

2. RBRUER
SEDHGTILRMBREAF I+ -1 (57¢,
F§8) %, (Bt SRS LM, Fig. )

ORI LLEREEERHOBER TS S,
BELNET HEED ££12120m, AEIZOmTH
30 74+ —2BOMMAEW. Om, B2 DL DY
AL,
M L8 KizPBX 3 fiTh v, R, HERX
DAY THS,
a) NS201
HTPB (hydroxy terminated polybutadiene) : 103
HMX (cyclotetramethylene tetranitramine) :90%
8348420m/s(p:1.710 g /cd)
b) NS203
GAP (glycidyl azide polymer) :13%
HMX:87%
8;%8490m/s(p:1.770 g /cd)
¢) PBXN106
BDNPA/F%Polyurethane:25%
(bis — dinitropropyl —acetal formal)
RDX (cyclotrimethylene trinitramine) :75%
{834 7950m/s(p:1.650 g /cd)
2.1 RBBONASYXMSTIAFORAERAE
RUBROBBWED 5 v 1IZBBLYRIETEH 2

Table 1 Experiment factors for experiment planning method and their results.

Plenning factor Penetrate | Density

No. A Density rate | B. Gap C.Cep holder | D. Explosive | depth (m) V3]
1]98.9% over |none Aluninum NS201 [241 g9. 1
2198.9% over |none | Alumirum NS203 |250 99. 1
3|98.9% over |none Tepe NS201 [231 99. 1
4]98.9% over |none Tape NS203 |245 98. 9
5198.9% over |existence |Alumimm NS201 228 99. 1
6]98.9% over |existence |Aluminum NS203 |243 98. 9
7198.9% over |[existence | Tepe NS201 205 99. 0
8198.9% over |existence |Tape NS203 260 98. 9
898.3% under |none Aluninm. |NS201 |223 98. 3
10]98.3% under |none Alumirum NS203 |177 97. 9
11]983% under |none Tepe NS201 |220 98. 3
12]98.3% under |none Tape NS203 214 97. 4
13[98.3%X under |existence |Aluminum NS201 |234 98. 2
14]98.3% under |existence |Aluminum NS203 [213 |98.0
15]98.3% under |existence | Tape NS201 |22s 98. 2
16983 % under |existence |Tape NS203 |231 98. 2
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Table 2 Data of penetrating depth for NS201

Group |Size of embedded | Multiple |Explosive | TMD | Penetrat- | Sample
booster nutber of | density ratio | ing depth | number
(m) | stend off (@/em®) | ) (rm)
' 1.716 99, 0 259 1
1 15 h=20 3 1.714 98.8 267 2
1.727 99.6 272 3
1.722 99.3 258 4
2 ¢15 h=60 3 1.721 99.6 2713 5
1.723 99.3 272 6
.17 99, 0 227 7
3 &15  h=20 1.8 1.720 99,2 218 8
1.N7 99.0 223 g
1.723 99.3 258 10
4 %15 h=20 3 1.723 99.3 247 "
1.725 89.5 23t 12
1.726 99.% 234 13
5 $16  h=20 3 1.726 99.5 239 14
1.730 99. 8 242 15
1.721 99.0 269 16
6 | not used 3 1.724 99.2 240 17
1.721 99.0 249 18
1.691 97.5 219 19
1.696 97.8 244 20
t.721 99.0 232 21
7 not used 2.5 1.716 99.0 245 22
1.718 98.9 254 23
.77 99.0 277 24
1.7T18 99.1 265 25
¢19  h=15 2.5 1.701 98.1 221 26
8 1.704 98.3 198 27
1.704 98.3 150 28
9 not used 3 1.703 98. 2 187 29
1. 707 98. 4 208 30

LR ABRYAASHET, BENCEERAROHR
25T sRFOREBES G XRELL,

ST, BEOEEYRREFALL, TMDR
99.0% L\ £ +98.3% AT o 2 Kifiic 3 L1, BFB
B7—2s tBEROMORMOEEY, BTFCI
7— A2 ¥ RIBTHBEORAEHEYRY, 7TAIH
+ 7HFERALTEELLE D E, BRI ~vF—
THEEOFTCT~RAE N 5, TIEB LI LD L EH
T -1, BFDTH, BREOMBILNS201 &£ NS203
D2KME L, BEOECICIZIRYRR LA,

Fig. 2 W RBRRHOKREL LT, Fig. 3cRE
Lk s F LEBERYTRT, SOROAZ VT

+ 7B FRCHY, TOBERILS (54—
EOEE : 3 x40m) TH-72,

Table | iz RBEATF, KPLERO—-HWRTH S,
okt h, RHBEHROBRNIHLTx, BED
TBE (A), BEOBEELPBXNS 7 -2 2 (757
= A %HEE 1+ v4,.5%, HMX95.5% : {#R:3#8800
m/s)~BEM OB (AxB), BEOWA L BEH
(AxD), BEFEEHELBRRE (CxD)DOXEEH
NERRB 1Y THETHE I EAbhate, 2% D,
 ORBUHEBORKREF TN THARERNCEELYR
ELTED, XDz Epbhatz,

1) BROBEHERWEL S LT9%LEE, 98.3

THkE



Table 3 Data of penetrating depth for NS203 and N106

Group | Explosive |Multiple |Explosive | TMD Penetrat- | Sample
number of | density ratio | ing depth | number
stand off %) ()

1.788 99.5 >280 31

10 NS203 3 1.788 99.5 215 32

1.787 99.5 2 33

1.748 97.3 239 34

1.780 99.1 237 35

1.751 97.5 208 36

11 NS203 2.5 1.741 96.9 197 37
1.749 97.4 228 38

11.754 97.7 245 39

1.779 99. 1 245 40

1.769 98.5 183 A

12 N106 2.5 1.647 971.7 188 42
1.641 97.4 237 43

1.648 97.7 265 44

13 N106 3 1.653 8. 1 265 45
1. 647 q7.7 251 46

LT T BH L T20mld EOBRBR DB E L
B,

2) MBOTMDEAK Z\- AL, 7 -2 5 LB
ORBOUENRBBR MR BN, SIS
ERWERIIBRNMETHL -2 5 BEOR
AR TROETEEATLES oo,
ZoBENRhTI v,

3) NS203ixWEEMNPE 03 L RBWEDET AL
E08h3H, NS20IoBEIFEBELRHETEY
REEN, DF ONSINBRED5 7 5k
- AN

B%¥iz, NS202 (BDNPA/F%polyurethane 109,

HMX 90%, {R38630m/s) * (¥ L& R% TR

o

E B TMD g &
1.818 99.1% 262m
1.815 98.9% 268z
1.817 99.0% 263m

ZORR X v, NS201, NS203L1540OPBXY, +0
BELSIERABIEICE S L REMFED T v 2phEL
B Edbing,

2.2 RBARMMR L TMDHOBIRRY

RBBBHR L HREBWMED5 7 #12, HK
BEXTMDRISEST B ik BBz
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MNbd o, =2 CiENS201, NS203, PBXN106D

SHMMOBRY WA L HEBEK L RERKD 57+
EOWTHAL, oL, BRAO - 2452
PBXNS ¥ ERRmz#ELTHBAL, -8R
PBXN 5 7 — R # {8 OPICHDAA CHEA LI,
PBXNS5 7— 2 242, NS20LICHE~IREH P, 1=
ERRELIRVRERERNYM Y 1 7 CfFa A
BYFF7A10 7D iz, F LI, ABRAME
TRBLT-»1,

Table 2 {2NS201 % i\ C T » - BBRFERGR O
BRETT, CORBTIE, BIRIZ 7 — 2 5 iR
AEbDE, T5THEVLOREEL, 8L 72
2 LORAHBBBRACED L 5 1I2WBL L 2 H5MC
VT HFEERICERR L 7,

Table2 DT, ZA—-F1~6L7n—78i2
T A2 Y BODRALELOT, BREORR LY, 7 -
AR 2D Xizhhbb?, GREOBHMERE /A -
TETEER > TWBZ Edbh3, 2225L, 7—-%
SRIBHRAALIRBOTMDIEIZ, i2& A &EH99%1L
E¥L®HLTHd, TMDH & 828 L DBIFRIZDOL.
THLERTHLENTCCECHD, coTHI/L—T
Moz 2 v Fi 7 EHIL—EBCREL, BMRkE0}
DOEXFE LUV ~<A TREL TR,

Table 3 {XNS203, N106% i\ T T - 7= IR

—209—



Table 4 Penetrating data and classification of TMD by it's magnitude

Explo- | Group | Explosive |Density |Clessi- |Penetrat- |Mean |[Depth Sample
sive density ratio fication | ing depth ratio for | number
(o/cm?) | for TMD means

1.716 89.0 A 259 97.3 1

1 1.714 98.8 B 267 266.0 | 100.3 2

1.727 99.6 A 21 102.3 3

1.722 99.3 A 258 96. 4 4

2 1.721 99.6 A 213 267.6 | 102.0 5

1.723 99.4 A 212 101.6 6

1.7 99.0 A 227 101.8 7

3 1.720 99,2 A 219 223.0 | 98.2 8

.77 89.0 A 223 100.0 9

1.723 99.4 A 258 104.9 10

4 1.723 99.4 “A 247 246.0 1100.4 11

1.725 99.5 A 23 101.8 12

NS 1. 726 99.9 A 234 98.3 13

5 1.726 90.5 A 239 238.0 | 100.4 14

201 1.730 99,8 A 242 101.6 15

.71 99,3 A 269 : 106.5 18

6 1.724 89.4 A 240 252.7 85.0 17

1.721 99.3 A 249 85.8 18

1. 691 97.5 C 219 .88.3 19

1.696 97.8 C 244 98.4 20

1.72 99.3 A 232 83.5 21

7 1.716 99.0 A 245 248.0 | 98.7 22

1.715 98.9 8 254 102. 4 23

1. 717 99.0 A n 1.7 24

1.718 99.1 A 265 106.9 25

8 1.701 98. 1 c 22 209.5 | 105.5 26

1.704 98.3 c 198 94.5 27

1.704 98.3 C 150 82.6 28

9 1.703 98.2 C 187 181.6 }103.0 29

1.707 98.4 c 208 114.5 30

1.788 99.5 A 280 101.0 3

10 1.788 99.5 A 215 271.3 | 99.2 32

1.787 99.5 A 277 99.9 33

NS 1.748 97.3 C 239 107.3 34

1.780 99.1 A 231 106. 4 35

1. 761 97.5 C 208 . 93.4 36

203 | 1 1.741 86.9 C 197 222.8 | 88.4 ar

1.749 97.4 C 228 102.3 38

1.754 97.7 C 245 110.0 39

L7179 90. 1 A 245 110.0 40

1.769 98.5 B 183 82.2 4

12 1.647 97.7 C 188 212.5 | 88.5 42

N 1.641 97.4 C 237 115 43

106 1.648 97.7 C 265 101.8 44

13 1.663 8.1 | C 265 260.3 | 101.8 45

1.647 97.7 c 251 96.4 46

RROBRTHD, “ORRTR, Y-22i2EdA BEfT-1,
¥, EROXBTBLIZ T — A 2 ¥ RAT 5 HETCE 7 —7107TCix, EEOTMDHS99.5% CHES
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Fig. 4 Relation between TMD ratio and penetrating depth ratio.
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LT, BHKEY280ms LTHR-1,

7o — 7113, TMDK296.9% 5 599.1% ¥ TP
[EADLDOTHD, D7/ —FORTERROBE L
SR oMOMBIREIZ0.235TH D, T -7 < 1E]
#BrgEvC Edbhd, 22, BRROBERY, 8
HiREROMHEBEIRhT, BELUNOER
TRNAF Y 2RELT-B T Lhibhnb,

77— 712, 132N106i T 5F -2 ChH b, 7
A= Z1I3EEBENRTE T HTVBH, - T712%
20D F -2 B\AALND,

Table 4 i TMDic X Tk 2 2124H2A,B,Co
IoBEL, BREEED A —THBOVHBEE
LOBEBFBCRLICE ZADFHRO—-FHETH S,
ST, ARTMDEEN99% LA k=, Bix99% ki5~98.
5% E, Ciz98.5%KiBnbDE L1,

ZZC, TMDORHBHMORMLY TRIZLSHT,

HMX e 1.9058 /cd
RDX HE 1.8208 /ed
HTPB nEE 0.960g /cd
GAP i 5 1.300g /cd
e A 2 R&Emn 1.380 8 /ed
thiy
N106 TMD 1.6858 /cd
NS202 TMD 1.835g /cd
NS201 TMD 1.734g /o
NS203 TMD 1.79% g /cd
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CEEYRELTITOBNLFETH S,

Influence of explosive density for shaped charge effect
by Jinsho YONEDA*, Yoshinori TAGO*, and Takashi KAZUMI*

It is recongnized that shaped charge is very useful to destroy the construction. When
conical thin copper liner is pressed by high pressure of detonating high explosive, metal jet
is generatedon the axis of metal liner. This jet flies in the front direction and penetrates
target material.

In this report, we investigated the relation between explosive density and penetrating
depth deviation of shaped charge. It is found that the deviation of penetrating depth is
minimzed when explosive density becomes close to TMD.

(*Shirakawa Research & Development Center, Nippon Koki Co., LTD., Nishigo-
mura, Nishi-shirakawa-gun, Fukushima 961, Japan.)
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