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Study on Dynamic Response of Stiffened Plate Frame by Cylindrical Charge Shape
WANG Yan, JIANG Hai-yan, HAN Lu, SU Jian-jun

( Xi’an Modern Chemistry Research Institute, Xi’an, 710065 )

Abstract: In order to study the influence of cylindrical charge shape on the dynamic response of a typical scaled plate
structure under close-range explosion, a finite element model of the plate frame structure under close-range explosion load was
established based on LS-DYNA software. The influence of the length-diameter ratio of cylindrical charges on the deformation
damage and energy absorption of the plate frame was analyzed, and the validity of the simulation model was verified through field
explosion tests. The results show that when the 1.5 kg charge is arranged axially, the plastic damage of the target plate gradually
decreases with the increase of length-diameter ratio. When the length-diameter ratio is 1/3, 1/2, 1, 2, and 3, the maximum plastic
strain on the target plate surface is 0.264, 0.203, 0.159, 0.119, and 0.115, respectively. The residual displacement of the target plate
is approximately linearly related to the charge mass. When the charge is arranged axially, the smaller the length-diameter ratio, the
larger the curve slope, and the faster the rate at which the maximum residual displacement of the target plate increases with the
charge mass; The change trend when the charge is arranged radially is opposite to this. As the length-diameter ratio increasing,
both the residual displacement and energy absorption values of the target plate show a nonlinear decreasing trend when the charge
is arranged axially, while both show a nonlinear increasing trend when arranged radially. This indicates that the influence of
charge shape on the response of plate structures under close-range explosion cannot be ignored.
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Fig.1 Test plate frame structure and site arrangement
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Tab.1 Test conditions
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2 5 1.84 20 60 0.49

2 WREREEBRERE

2.1 JUfrEE

AT IR B, XA 2= T o0
BFSE . % RER R S A5 AXT FR Y, 35T LS-DYNA
BT SR T — SR Ay 2 — A FROCHAL, dn
B2 R o RS SRR AR T 2Emang, )
FRSEA S mm, TS B FUINSR AR 3 2 12,
FOAR AL 84 744 D HAIG . & SR HIFALE_STRUC
TURED_MESH JCHFA: 1, S-ALE [k , H 514581
ALE 7R AR s Fl S s Ay 5, AR ik
fRTBA, TR A2 20% ~ 40%., 5 JEFIHEORE
%, S-ALE Mg RSP E R 7.5 mm, KEZRHA]
*INITIAL_VOLUME_FRACTION_GEOMETRY
FIFAE M, UOW Fl VOW THIIR B X FRIAL,



2024 4F 06 J & T

i 79

S-ALE FJCA 4 AN BN TR A4 162,
Fm, eI B EA R K BT hash, Hit,
3 L AR LA A S 4 A ] S Ay kAR A
FLAH B o a8 RS AR I R A R DG B
*CONSTRAINED LAGRANGE IN_SOLID % X, #%
Ay AR ORS JE §7) PR SO A 5300, BT JE Tt
AR, (R B DG U, RIRTERUE
BRI e AN TE

S
E2 AMRTER

Fig.2 Finite element model
2.2 MEHRE
AT RS, ARy e IR, K2y
#4 KL *MAT _HIGH _EXPLOSIVE _BURN FI*EOS_
JWL S5 L, 13k 0n

pr=C(1-Lyem+ 0, (1-Lyer + £
nv r,v A%

(1)

X (D) H: G, G n nFlofEEG v

SHAFH; e MELNEE, BARSEINEE 2 R,
£2 INTHEZSHN S S

Tab.2 TNT explosive material parameters
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Tab.4 Comparison between the simulation and test results of
maximum residual displacement
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Fig.5 Two layouts of cylindrical charges
0.000e+00 3.9260-02
0.000e+00 3.534e-02
0.0000+00 ¥ 3141602 _|
0.000e+00 _ 2.7480-02 _
0.000e+00 __ 2.356e-02 _
0.000e+00 1.9630-02
0.000e+00 1.571e-02 |
0.000e+00 1.178e-02
0.000e+00 7.853e-03
0.000e+00 3.926e-03
uuuuuuuuu 0.0000+00 |
(a) Oms (b) 0.25ms
8.945¢-02 1.9486-01
8.051e-02 1.753e-01
7.158e-02 W 1.558¢-01 |
6.2620-02 _ 1.363e-01 _
5.3670-02 _ 1.168e-01 _
4473002 _ 973802 _
3.5780.02 | 7.790e-02 _|
2.684e-02 _ 5843602
1.7886-02 3.895e-02
8.9450-03 1.948¢-02
0.000e+00 _| 0.000e+00
(c) 0.40ms (d) 1.00ms
2.019e-01 2.030e-01

18170-01
1615001 N
1413001 _
1211601 _
1.0080-01_|
8.0750-02_|
6.0560-02 _
4.0370-02
2019002 _
0.000¢+00 _|

‘827041%
1.6240-01 N
1.4210-01 _

R 1218001 _
1.0150-01 |
8122002 |
£.0910-02 _
4.061e0-02
2.030e-02
0.0000+00 |

(e) 2.65ms

Elo IRiRETSNITIE

Fig.6 Target plate dynamic response process

(f) 3.25ms



2024 4E 06 J KT

i 81

3.3 KAZELHIENT
3. 3.1 ¥R LA Aadit 4 69 %ok

N T o K AR MR AR e, DL 1.5
kg 24 i 2R A N A 5], SRR 2R TR ) fe K
AN AR A, G 7 B BT AT, S KAR
173 B, SEAR O BUBORI IR, FFTENNR S
GRS BRI IR T LA SRR . Bl AR
HR, IR DB ), FEAR R A3 K2
I, HRARIIERZ 2 1, rhIPEXGE SR, e
SR 17 5 TR TR AL LB B S ek . SRR AT A KV
PERASRAE T Z5H SR , IKAR N 1 B
(AR A K IBPER A 0.159 fENS %, MKAZH 35
173, 172, 2 F0 3 B, BEARER AR AN AR 43 5]
90264, 0.203, 0.119 F10.115, FXTFRAZL A 1
ARG T 66.0%, 27.7%, -25.2%HM1-27.7%,
AT U 245 3 B KO IS 2 24 TR K 25 AR 453 497 1) 52 M A
A2, XJE R E S OL T, HIERAK
12U T S R 1 A, RIRl A K42
FEXGR, JELGTERhZ Ty m E I RE S8/, AT 2L
SRR IS K P TR

2.6430-01 2.034e-01
2378001 :M 1.831e-01
2114001 1.6280-01 |
1.8500-01 _

1.5860-01 _
1321001

1.0570-01_|
7.9280-02 |

1424001 _
1221001 _
1.017e-01
8.1380-02
6.1030.02
5.2850.02 4.069-02
2643002

0.000¢+00 |

2.0340-02
0.000e+00 |

(b) L/D=12
1.5040-01 1.1850-01 _
1435001 1.0860-01 _
1278001 1 9.4800-02
1118001 _ 8.2950-02 _
9.567e-02 _ 7.1100.02 _
7.9728-02 5925002
6.3780-02_| 4740002
4.7830-02 _
3.1890-02

(a) L/ID=1/3

3555602 _|
2.3708-02 _
1.5040-02 _
00006400 |

1.185¢-02
nnnnn 00 _|

(d) LID=2
1.1450-01
1.031e-01 :E
9.1640-02 | |
8.0180-02 _
6.8736-02 _
5.727e-02
4582002
3436002 |
2291002
1.145¢-02
0.000e+00 _|

(¢) L/D=1

(e) L/D=3

7 1.5kg BRIRREHCIZ EE S X EAR SR E A9 A 2T EE
Fig.7 Comparison of damage to target plate surface by the
charge with different length-diameter ratios at 1.5 kg

N T B2 BB 2GRN HEA L e B ) 52

Wi, SEBURAR S R R A DA I I 25 2 B2 8S

nE 8 s, M8 (a) AIUL, ZE2hflim A B,
TAZAIE AN S, AN EE 2 SIS R
> Mode IOV BVEIHRZ sz B Inss ApR ], s
FE PR T A2 Sh i R Bsf BR sh i Tt ke A AR T, 681
WA R AT M E N . BEE KA FLr ),
MR AR AS B ER B ke, X [ HARS PR AT S 45 .2
XHAEEI TR RS SEM RN, ORI A2 K AR L
YNGR IX B e 1), B AR LY
T, e R DX T AR Ty s 1) r T & sy, Ha (5]
8 (b) AIIL, HZGfRn A ER, L5FREHRIAISS A
R (bl A B AR, BIRER KA LA )N,
MRS e BT 22 . JEHL, R 254
BT RFEREEERY ST, BZISR A R R T RE S
R T A B AR FE TR A B P s 5 | e
P, BRI EA LS R I S W Ak, S8

Mk BT
140 1
120 /A
~ \ p— —
100 b [/ \ LID=1/3
£ o\ LD=1/2
=) 80 b\
= — LD=1
B 60
= AR —— LID=2
O AN, — LD
w0t Al
0 1 1 1 N )
50 100 150 200
X AsFR/em
(a) &) A B oA 46
70
60
— LID=1/3
50+
E LID=1/2
R — L/D=1
& LID=2
| — L/ID=3
0

Sb l(I)O 130 260
X AsfR/cm
(b) #Z& A B A & 4 A
E BERARIIEMHAEILE,
8 1.5 kg AR THREBETHREE
Fig.8 Profile of cross-section deformation of target plate at
1.5 kg dosage

3 Pl i T K AR FOXT AR A 5 RS (s i
K19 fizR. HIEN 9 AL, el i By, $EAR 5L
ROIERE KAR RG], (B8 N 2 5
1.0, 1.5, 2.0kg KE2h AR 1/3 $25 2 1 1, HER
AR TR T 78.2%, 89.5%, 97.2%, MMiKAzH



82 EIRAE . ARG I A RS Sl A L A R 5

2024 4E5 3 1

TR 3 I RIS A TR T 45.2%,49.0%,
50.6%, FIULAERAZH/INT 1 BERAROIRS 1Y T B
PFRARRT 1IN RS, XA ae 532 R
PR RA 56, AR 1/3 2840 172, 1, 2 Fi1 3
F, AD/AL/DYHCIK M 11.640, 5.540, 2.195 A1 1.068
(D ML EE, LID HKAR), KAEH/NT 1 B
R RGP B m T RAR T 1 iR,
M2 RO 5 1353 AT UIASE , i REUAR H/ N
T 1 BRI T AR TRAR LR T 1 IR
R, MHR, F2GRmAnERr, SRR AT
B AR RSB RTIIG O, (H AR s A48 Tl ) A
BT, 3300 AR v 28 g 0K T4 ) g

FE,
1801 4
\\
ol —— 1.0kg-ihIi)
. —— 1.5kg-hIi]
E 100 ——2.0kg-hIi]
@ I o - 1.0kg2f
& L LskgARM
601 -+ 2.0kgf2: 1]
20
0

LD
B9 KELLIEIRFZRMBRIFN

Fig.9 Effect of length-diameter ratio on residual displacement

of target plate
AN SH = N —
BRI R SR T 1 DC R N 10 P
180 LID=13
140+ A LDAIR
£ L
£ 100 ___aID=1
8 I
E b et SR D)
| D=3
20— s
10 12 14 16 18 20
Rl it /kg
(a) he A &
901 + LID=3
80 _LID=2
70} A
g 60 - - " _aL/D=1
S e e
i\g S ///‘/ LD
Whert™ et L
e —
10 12 14 16 18 20
e it kg

(b) Bo A E
El 10 RAREMERMABRII

Fig.10 Effect of charge mass on residual displacement

A& 10 AT DL, e Fue A Ea, AR
BT, BEERZG Bt rs i, SRR Ie%
wrkghn, HIERURAMOCR, miihdaERaril, A
AR LT FEAR SR A 5 B B 2B 24 o s 38 Jn 1) A
6], e A s, KRN, ZoERpE,
BN R R TR AR O RS BERE 24 ST i 1 I ) Rl e
HRmAER, KEIBN, hdobiesg, i
TR B2 T RS N TR, 3 S PR 2
RAR RN, R AR A ], AR R
BT, TR A E A B s, T
e A B ARSI ) s B AR Hg i,
o R DX Nt T A [l RS 2y, (Al ) A AR
AT N, AR T A AR AT
3.3.2 A ¥ERR RGBSR

URKE P VR AR, kAt e
FELIMRAR I Re MBI RETE 2UABL . ASCRIX 43ig
B, FRBUEA S SIRAE E, SRR
USRS, Al 11 BR .

16 =
/ — fili: LD=1/3
2t/ - - #f: LD=173
[—— _ — . UD=Ip
[ = ) LD=12
st |/ — HiiE: LD-1
e I ' - f: LDl
= — Wl Lp=2
H == Agm: LID=2
4 ... — Wum: LD=3
AE e e e e - - fB[6); LID=3
0

t/ms
(a) 1.5kg MK 42 b xt Yo s R AL 09 %o

2510 4
20k —— i L0kg
I\ -a- 41 1.0kg
\

50 1 \"\ —— Hli]: 1.5kg
% “-\ ae T 1Ske
10 - B '\L\ AR —o Bl 2.0kg

o - _-n
51 - il -4 f20: 2.0kg

Al T e —aesso T

0 e R e

0.5 1.0 1.5 20 25 30

L/D

(b) REIZHRE T KRBT IR A0
11 KIZEEXERARIRBEAI R AT
Fig.11 Effect of length-diameter ratio on energy absorption
of target plate

I 11 (a) AL, 1.5 kg 225 m A &t FE
FHRAZN, O B RERE N, KA R 1/3 1)
AT RARE R 1A 3 BF A B RE A A i T 2.05



2024 4F 06 Kk T

=]
HRE

83

PR 7.97 A%, T HETA W AEIG(ELAYA ] B A, T fREIE
R RLGIRIAT RN, BEE AR, S5
SRAEN N X U2 i — e I AR 2 R
RTINS R RE R A, BIREE AR HE
/N, MR A RER BTG I, A EAR 1] ARE
ZHIE/ N I 11 (b) AT, R[ER 2 e A5
&, BEERAR I, 2l A g e e
IARLME TR, AR A B I BE (i 2 BEZR P E T
MHHEARERARC AT, AR B AR LU g
WA, I ELREE 2 B i/, AHIRHRAR e fl
5 REERAR MR, XU BRI R A
G RARA R, W5AR2 AR,

4 ZEip

ASCHEF LS-DYNA H FRICH AT T %62,
KA HEX AR B AS I W (5], 3 2k T PR
X EAR RN IE BRI T T 300E, 25000 F

(1) FEREKE M B E T, s 5 bR
PR B A ELA WO T WA B ERRLR , I HLAR ARG Ak
HEA R EBIEIX, ARSI 2B Mode
II: TfiR S sz B s AR, ISR e iz
shiwlRIE s it kA28, FBEIRASIE 5 )
AR SN,

(2) ¥EBR TR AR I 2 25 245 B 12t R 3 I i 38
i, ZHFIEPEAMECR, AT ER, K8
o/, MEGEHRBE, SN AR AR NI Rk 24 5T
SR AR, B4R A B AR LA AR

(3) BHEFIERRKAR LG, il A
AU TR A RS RN R S BRI ELR MR A3, 42
A Bt B R BAR R A, H AT
A BT RN 1A TR 1
(ASALERR, AT WL R R 2T AR S R iy 5

KATFEMFLAN AT 20

EE P

[10]

[11]

UGS, SRAEE, SR, 25 SR R A
FRFFEL). AT TR AR, 2019, 39(6): 551-557.
XUSCHE, SREER, B0, 55 BB RIS RARIRIA B2 1e
MEEIX AT 225 F SRS, RS odily, 2013, 33(3):
330-336.

XS, SRR, BREAZE, 4. PRI R 2 b
KERATOISE]. ARICZE B TR A2 (A AR BRERR), 2010,
11(4): 462-467.

X%, TH, BB, 5. AHEARA IR =S
AT AU TR AR, 2022, 42 (9): 918-927.
Knock C, Davies N, Reeves T. Predicting blast waves from the
axial direction of a cylindrical charge[J]. Propellants,
Explosives, Pyrotechnics, 2015, 40(2): 169-179.

Anastacio A C, Knock C. Radial blast prediction for high
explosive cylinders initiated at both ends[J]. Propellants,
Explosives, Pyrotechnics, 2016, 41(4): 682-687.

Fhaa, BE, TR, B2t S bR s
BORATAMALT]. SRHR, 2018, 18 (05): 137-139, 142.

HER, SR 2GRS S R 5
WABIFZE[J/OL]. HP A B, 2024: 1-17[2024-04-18). hittp:
//kns.cnki.net’/kems/detail/61.1313.U.20231109.1613.014.html.
Li X D, Yin J P, Zhao P D, et al. The effect of stand-off
distance on damage to clamped square steel plates under
enclosed explosion[J].Structures, 2020(25): 965-978.

BORER. S AR R Bkl S ma )], [y
SFEEAR, 1995(1): 7-12.

fefse, HaE, IS, % AR R bl b
LS SR A RS B, LS B TR 224,
2013, 33(6): 556-561.



	1  近距爆炸试验
	2  板架近距爆炸仿真
	3  装药形状对靶板动态响应的影响
	4  结论

