#35% H5W O 5 o & Vol. 35, No.
B H EXPLOSION AND SHOCK WAVES Sept. » 201

5
5

DOI: 10. 11883/1001-1455(2015)05-0668-07

B 1% Joz Je JEE Bt 0 i 7 2k fer O AR 53 3R A #0220 [ F

WM E AL EER,HRED
(1. B A HE TR 2B MU T AR 2% B, 195 BT 210094;
2.72465 #BA IR FFRE 250022
3. GG AR T AR B GE BT BEVE P2 710065)

FE W5 B e s A A e BT 2 RN S I PR S T BRI b s R A 0 AR 3R 5k X KA T 5 i
by B (19 3 AN E TS H0 E TR A R BUE R, 8 S 5056 30 UE T A AT S Ty ik i IR R . R R
PRI R E L 45 4 MISO(multiple-input, single-output) £ 6] L £ T2 28 W 45 5 3k , @t 37 T % i ) 24 4% bk
B AT ] B o i e (9 52 e IR BEAT A BE RS A AT . 40T 4 R 2R BT L % T B ok 24 4 5 el IR T el
o B HE T oy 7 LA i 48 T TR 11 2 0D B, 2 R N 2 51 8 b S B0 IR m oo o 4 1 O, 92 2 5okt B
et 2R AT 1 5 e R 58 DS

SRR MRAE T R A B s OB AT ¢ 3 O JRC AR 5 B o < 28 e

FESES: 0381 E#rFERAE: 13035 XEttRERS: A

T L T 5 S R R LA R S Y N ) R T S AT B R P A S AR L O A e
28 AR R A2 AE Y B T A o ol iR (8] 7 A L i L A 3RS A g Ry v/
S5 b i i AL 7 X8 S A 5 o DL e S BT T R BE ML R G T SN R oR T A IS R R R . BT
T e it 2 2 A N A e Y ) S MRS AR 2 — W BRS80S DT | 8 25 e R A )
R E N T L= DOl = B DA )L Y SR 0 e | RV 2 B & vl VS R B eS| R s = R b= I N B e
F A8 T 3% X RS o vk ot 287 19 52 0 DR 0 R EAT IR ARG, B0 20 1 2 T i S 6 T BORAS B0 1 3 7 I e
A AR ARR A DRI 0T B o ol 8096 2 A 3 R 2 ) TR T A BT 5 RE AT A0 9 8 e 9B T LN R
(9 o ST S 3 W e BRI v o A8 ) g AT O 1 R e DA S A ST R JAE ) R R
Y 3 N7 R AR R T e B s ol 2 AR 3 ke s L S S SRR A A R AR (A AR o
S 56 56 A A S T 0 1) TE A P X L R s o 281 A 1% I AE 2R gt A1 AT A 36 R o ot 2804 A
M R W IR 5 die i o 0 B 3 VR AR AT B A B o0 B 2 S Al 2 TR 405 5 B B A 0 o R
AR T TR AR T 2 (W B2 B 0T B e ol 280 )R P R AT RE DR SR

1 R o T AR AT 7 [Q:il;;;ng .
1.1 BEEHRS

| Canister chamber
WP LR SR T R S A S R —~ [
R ok O B = Breg A iy S = B A i 2 3 ki i
Sk /NG A PR 2 2 R 0 AR T BRI T e A 0, B \_‘_/ Adapive base
i

|_~Ejection power supply

ST B I R TR R B R ST o E

fill 5 RE A8 F1 B3 0 A (] 1 g T AR 2 K e AT RS R 4

X} R FE R EEK R
BT AR G R R S R . A TE N RS R Ak M T — Fig. 1 Drape ejection system

« WFMEH: 2014-03-19; f€EIAHF: 2014-05-12
E2WE: BF AARARFEASTH (51303081 TLIRE H AR #3410 H (BK20130761)
F—1EE . MEAkQ98S— H,FB LR BINIEE: (T 75, renjie@njust. edu. cn,



%53 bR L 25 - O R JAE BRI v o A A AR 20 2 3 M 2 ol R 669

SE G o SRS INE L BN Bl AR TR MR R AR N R B T s TR AR AR S SRR O
SHSR OB Iy A RIAE B8 R AR U2 R A 5 AR i AR T S M S R TR T R B T . TR AR B
e A IR A B ) SR T ) A BB 4 A% 38 B Ty b o 36 5 S R B R AR S ) A A IR A L T i i 4
Ar VR A B 22 o B I v ol 284
1.2 Fthnip & H ARG RIE

S 950 980 S v ok R U R TR AR FEA A 3 IS

PR S A bR SN S P ’ A
BETH I, R AR 0 B 5 I 22 e L e g PO e o, .
57 PR 1L U o TR 38 (52 B P

Y/ Amplification P, Z

KA ZED WAEN . ek p BEMT. A8 T

IO JEG JAE e A R W AR T o i -5 M T 4 fd B TR g 3K

BRI, A&l 2 Frs P 2 B2 AR A 1 38 S A 7 R
e R AR BR 2T 6 I OIR BS B9 8 18 S A 34T BT Fig. 2 Diagrammatic sketch of adaptive base
I8, M 2 R, @ ST AL bR R (pr@s2) ,J:*,];f%\ JE in expansion state

O HULE TR T ST 0 A = (613 P04 o py KRG G
T KT 1 3 1 K A8 p, o RS B BE T 45 51
S 5] = EORE BT o, 4 I S il M 300 5 51 = A B B
JEG G i M 31 42 5 1 ST OB B 2. RN oo
I I L 0494 P 9 5 T 521 D L 4 T 2
R B 1 A1 P 3 R 7 A TR o o AR L 13
7 JEG A BT P 3 9 A6 6% 1 T 160 3749 e
V2 B3 TR 1 p 607 1] 4Tk 0 56 S 7R 5% 2 1 5
P T 2 6 k57 I o 2

W2 I I £ JEC A A T S T 6 T L OO dA
HEATHITE dA TEHEARBR B (pogoe) AP 3 %

Fe5k p AEHITE dA ot b RS dP = pdA P 3 kAR bR R R Y dA
dP Wy 8 sy dF B R s 2841, dF Bom . Fig. 3 dA in the cylindrical coordinate system
dF =dPsina = pdAsina (D

Krf: oy dA ROTS = BAY IS,
OoT dA WL BRIE  Hod 2 dp/ sina s Z208% /N ARG i) T AR AT (LR R R
dn —ede (ot dodde do o000 ing (2)

sina

X :de K dA ToTHERE A bR 2 Hhok E’Jﬁlf“

(DM (2, dA KB E dP 13 4 i

dF = dPsina = pdAsina = ppdpedg (3

WE 2 Frs 6 A B ik F5 0 BE T oA i i . RO Sy 2.5 A KRB N o A EFE S, 2
B Mm S S M3, . 235 —FT7T « i BEL LS RA A0 S /2, 007 72 o 5E iR
B or=z2(p,0). =M =, 45 « JhaE B0 KF 18 L8 X508 D, f D, . R 2==2(p. @)% D,, I
FLA S T80 BB R AL £ oapo D EORI NI S B2, & S0 il i 4552 2 K7 o B R % i AR
{14 it T RR A SRR DR i) — E AR

A (3N dA HHEMJEEI’JWW#F%&HM%%%LEE XoF ANV JR B R TET AT AR 43 BIVRT A 2 BEE i op
dr 8T Y ARy Rk . M T AR B LA



670 DS 1 5 et i %35 %

F :ﬂdF :HdF +ﬂdF :ﬂppdpdgo +ﬂppdpd¢ —p J: pdo Jz“dgw » J: pdo Ji"dgp —2np J: pdo (1)

S () S W ok 2 RS ik 2 L RS L T RRAUY 00 1 oy IR B L A SCE RIS IS JE b T 7k
SRS o0 G ST 7 K P T 0 26 7 RS T 0 P % 5 5l X TSR ol
N e il X T 0 S T B 70 L LT 4 DRt L4 2 1 5 () L B 2 i, 38 (4) 7T
5

FzanJpspd‘o:pTc(pg—p?) (5)
1

AR FHE A RAE o 5 B XA K B m AR S,
RAR o AT W KRR B MR S" iR GO WS R

F:Hj)‘od(odgoJrJJppdpdgozp(S/ -5 (6)
D D,

2 C6) BV Ay BREin v o 28 iy A0 B8 38 5L o] R T BB AR 7
T S ST IS T AR A B n e AT . rh 36D T B b o e
5 G A ) fioh b THT AR LB AR OG0T T B R 45 R R FR R T RIS A
JFL fo b G FR T2 R T A AR IS S MR AR R R . BB
TR A HE AT, 7 28 /AR e B2 A5 A R I A5 8 ply 200 0 A Rk 1) A i AR A B4 R X IR 1 7k T i 42 5
Fr TP E N L AR R R A R AR R A 25 HE AR Fig. 4 Horizontal ground projection
B g X B RIS it 1 STERAR /N DRI 0kt i A2 B fin o o 2847 52 i) of integration region
T R EESHOR - A5 LA L T 2 8 T AR L R R

2 HEMKEHERSE

S STV A PR HSCLEASE Y 4 A 2 0 5 U A 5 A 1 R e o AT L SR R (B AL A IR . R
UG B R S 2R A ADL SR AR AN [ 5 2B T 8 BSC(E AR R 1 B o o 2 A L 5 AR 0 A R A R AT
X EG 8 B 0 i o 2 Ay AR 0 2k AHE S 9 IE B 4
2.1 HEZRBMESLIHIEIT Canister chamber

CINE D UE A S e VA .
RIS A 3 N A 1 B R AL, R
SAR FALIC R I JE 45 A8 BEAT B AL SR T
Rebar BT #5 f1 7if 28 34 58 A, 38 i

Rebar 550 (1) 18 38 17 18 ARk 8 AT 26 P15 1 i N RS e 5 AR 7R
M AR d . A5 2R 0 ¥ BT 78 2 1) H AR Fig. 5 The numerical model for the adaptive base

7 B BUHE 5 2% . Mooney-Rivilin 48 #)
LRI R ADUAR S A4 R, W 25 35 R Hb THT 43

®
SO T AF 0 BRI 7 S 2o00 i N /,f;;f?
':F' /THE )Z ﬁ iﬁ@)lﬁ @ T ﬁﬁJﬁ TH ﬂ] %J] f'éi' %JE‘% —Canister chamber (
HOIH % A2 5 5 IV R 19 vive  Valve
Tﬁﬁﬁi%ﬁ%ﬁﬂ#ﬂiﬁﬁ%ﬁﬁj}v 'KT’ /-MTZ Sensor 2 Sensor 1
{5 S BB S g @ Base g
13 1 R L 5 7 ©

Al 6 FIr s o B i e 28 A ) B 6 528 AR

SEE S & R L WA E LI A5 R Fig. 6 Schematic diagram of the experimental platform

r PR JRAE IR A Al R



%53 b L 25 - 3 T JER A RS o o 8 A 1) AR 2 2 2k R RZ W [N T 671

WA JEG A6 A0 5 39000 S 2 5 e T 2 i s %90 25 2 7 2 o oo R D oo o 287 3 5 A 2
51 S TR A2 136 25 SR 5 A R PR 10 2 A 1 3 A T A4 SRR S 4 ) 2 2 L S TR 5 S P 5 4R 2 ) 1 A
3 BT e o 0 A (28 R TR B A 1 g DR T R o A

BF X STIRMIA f 3 AN T 1 FE T F7 2k A 025
75 390 B ook A BT 2 7 (R R o R 3 - Experimental resul
JEE PR S A 25 2 AR 4 S AR B B Ay R e 020
TF o APV S PE AT 40— [0 Kb B B o 2 '
TAFIB LA PN 30 T SR S (D 5 R AR I 3 AT A 1T AL S £ i
TR T 7 45 0T BRI avh ok 8 497 B ok 2 — i 5 1 0.10
MIZR . R A 5 5 0 TS5 (1 8 A B — B, T [

Numerical result

ol B 0L 25 20 7Y TR
REBR YO E T M R V0 I B ) T S
2.2 WHORBROYEEBRIT o,

TE 2.1 5 hRRE R A Y S b e ek AR S 2 B 7 B ol 2 e

CIREY N A S S N L O (= i B NS Fig. 7 Comparison of additional impact load
PEASE B T XoF I 198 9 A 728 T A BE AN — B, S b TG AR AL
ASHATA] i 2 3P LR 23 S5 R 0. 7,0.8,1.0,2.0,

2.5.3.0.3.5.4.0 1 5.0 GPa, ~0.24F  --o-- Numerical result
XFF AR 5 A 3E NI, p S BE [ —=— Analytical result
1. ST LAGE I SC AR T R, ST O]
DL 485 SR rh 3R B AR AR (6) T A5 2 BRI o 2767 0 § _0'28-_
FEAT A s B ) eh A PR T3 X o S B R AR 8], & I
BT gl R A7 i 40— fLAb B, B S™/S Ry s AR A _o.s0k
3 T B 20— Ak S A R am e o 28 76 0 1 ok BT Aot 55 4 i
{ELA AR, 22 ) R 26, WL 8. I 8 AT, 032 o5 X8 o L
A o v o 288 A e {1 Sy 671 2 s BEE o e < 28 467 1) 1) 88
] T B o v ok 28 ey 068 L %) o T A 5 B0 A AR — Vel 8 B o ol 25 7o 0 (1 0 A A2 15 AR A
3, B fm et 28 AT i AT 8 SR HE R R Y Fig. 8 Numerical solutions and analytical solutions

of the maximum additional impact load

3 FERATNEWMEFSWH
3.1 HENRKESHUBESWN

TE R PR B E AL A v, B ] Rebar B OGATILAT 2
5 LA AL B Rebar 550 9 £ # HABLUE S, 7 2k o Basemodel |
() 16 1 i Rebar 85 09 [l 2 X, 454 Python L
W ST A S B EUE S Dy s e B Y
B RE PSR SR AL AR A D s BRD R s (D
ST A R AR R o RSB AL 5 (2) SE AT L
R T T AR TR B R S O E 5 (3) 58 AR A 3
U 1) S B0 B T3 B BRI o o e T B 2
B X IR ERIR h A R i E O A A LT R TR
B d AT SHe R e Sad HEF VAL A L BE S R R GRS UR ¢ 3L DT
27 ABBALEE R A S WE 9 Fis.  Fig. 9 Input parameters of the parametric numerical model

Xt DL b S E0 ) B(E A T HE AT R 45 3

e}

A/mm?




672 DS 1 5

i % 35 &

S BIO(E A B 1 A B S B CBE n b o 284 0
(F/(PS) o) - BT 2 M55 1 #8011 T FX | () B 5 2 v A
T FR A B S 500 EAE R R AR B L 2 40— Fk 1 BRI
it 28 Ay e R A A B L 2 T 2R & 10 TR .
F L 10 AT B A e A o 46 T v R R R L B o o
A W (L (5 o) 1] 1) 38 K 5 B 4 75 2 (1 BE 3 K, Bt in
e A DA (B (O Il 1] RO BN . X T AT
T - NR AN ORI N S L LD N D IR
A8 A 5 A R T JEC A 194 fioh b T AL /DN S FR 260 TT
A o o o 2k A 6 {48 K 5 o T A 4 D B G K S By
A o o o 28 £ e {9/ 1N, D DRI IS AL, AN P AR . B
it 230 A WA P 1) 722 T R A5 B 1 R A aeb o 268 e i AT
J7 1 B BRE S BT 25 8 AR AT
3.2 EMEFEEREIN

DL S B0 BB AR B 50 BT 1) i A RN R S 800 R
AL T 2ot R EGE TS 1Y MISO £J6) X £ 5
XL T i S FRIT . U R ARAS 1 35 N JFS A
SR RE R E A AL BE BLBE R 20 A1 B0 T RE
A(E/(PS) e 5 H 3N JAE ) 2 P BERCA IR 1
BEER(F/(pS), #EATXT H L An 11 TR, B2 i
TR i 77 2% R® =0. 963, F W T [ i 7 JiE J3E H)
SR RE R TR B MER

M 3E RS JHE ) A 1 e B AR R 25 o8 B
TE L MERT A B BBl b L B X 5 e A5 48 T T AR )
P 4 I — 7 EO ), o R R S B L AR B A
RYBEAT VAL LSS B o o ol 288 i 08 {0 A X T 56 o 0
E AR L . AT DATE X S 800 A2 A1 BN B 1 (B R

—0.16

-0.18

-0.20F

-0.22

FIDS))max

-0.24F

-0.26

-0.28

—+ Elastic modulus
—o— Section area
—— Distance

1 L L 1

Fig.

-0.15

-0.18

-0.21

E/DS))mas

-0.24
-0.27

-0.30
-0

Fig.

0.3 0.6 0.9 1.2 1.5 1.8
r

K10 S8 B (H A R it S8
10 Output parameters of the parametric

numerical model

- R?=0.963

o

30 -027 =024 -0.21 -0.18 -0.15

FHPS)),
B 1T Bes BEALR 22 5 A7

11 Error analysis of mathematic model

HEATHA BRI L e 4 43 MT 32 S B300T B I v o 288 068 (P9 52 o R B ZE AR TR E(E L — 5006 ~

50 Y0 TRy XA P o X6 75 4245 e 3R o i AR LA R TR L 5 06 L 9] 1 0 A UL . 5 HH R A e 4 — B v

o 28 A D (1 B A5 5S4 TD T AR LA R RN AR AR B (F/ (pS)) i (F/(pS)) 4 (F/(pS)), W 1,
1 MmAERTIEETESER

Table 1 The calculation results of the peak additional impact load

Y/ % (F/(pS»e  (F/(pS»a  (F/(pS), Y/ % (F/(pS)e  (F/(pS»a  (F/(pS))y
—50 —0.2218 —0.2267 —0.284 2 5 —0.276 9 —0.2767 —0.2747
—45 —0.2302 —0.2350 —0.2837 10 —0.2779 —0.2781 —0.2730
—40 —0.2372 —0.2418 —0.2826 15 —0.2790 —0.2789 —0.2711
—35 —0.2455 —0.248 6 —0.2821 20 —0.2801 —0.2797 —0.2688
—30 —0.250 4 —0.2550 —0.2810 25 —0.2808 —0.280 2 —0.266 1
—25 —0.2576 —0.2601 —0.2802 30 —0.2815 —0.2805 —0.2640
—20 —0.2625 —0.264 4 —0.279 1 35 —0.2819 —0.2810 —0.2612
—15 —0.2665 —0.2679 —0.278 3 40 —0.2830 —0.2816 —0.2587
—10 —0.2697 —0.2711 —0.2778 45 —0.2833 —0.2818 —0.2539
—5 —0.2727 —0.2740 —0.2770 50 —0.284 4 —0.2821 —0.2477

0 —0.276 5 —0.2765 —0.276 5
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Integral expression and affecting factors for the additional impact load

of an adaptive base

Zhong Jian-lin', Ren Jie', Cai De-yong”, Hu Jian-guo'"’
(1. School of Mechanical Engineering , Nanjing University of Science and Technology ,
Nanjing 210094, Jiangsu, China;
2. 72465 Army, Jinan 25002, Shandong, China;
3. Xi’an Modern Control Technology Research Institute, Xi’an 710065, Shaanxi, China)

Abstract: To research the analytical method and affecting factors of the additional impact load, an in-
tegral expression formula was derived for the additional impact load. Three major parameters affect-
ing the additional impact load were obtained. A numerical model was built for the adaptive base. And
the correctness of this modeling method was verified by the test. Based on the built numerical model,
a mathematic model was developed by combining the MISO (multiple-input, single-output) multivari-
ate generalized polynomials neural network to describe the mechanical properties of the adaptive base.
Thereby, the intelligent decision analysis was conducted for the affecting factors of the additional im-
pact load. The analysis results show that the affecting factors for the additional impact load from high
to low levels are cord modulus, section area and cord spacing. If the change of one parameter would
cause the additional load to increase, the affecting factor by the corresponding parameter on the addi-
tional impact load decreases.
Key words: mechanics of explosion; affecting factor; numerical model; adaptive base; additional im-
pact load
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