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1.1 MESH

CFRP % H] T300 Z 51 B i) ZF 2L A7, FEAR Ry PR AR AR, SR A BL28 UK T2 Hil sy . 20 Eh )2 05
KanE 1R, UFER AL B, C B, BEFEZENZE AR ST 400 mmx400 mmx3 mm, &2 )5
0.125 mm, 3£ 24 2, EE % R 1.76 g/lem’, L 4EIR T80 72%, 26000 J1 22 PR R S 5 3 2 fr
R, P E G, v B R R BT RS . 7EJR A AR R TR AN 12 mm BRI FL, 8
aib ¥k 22 B AR T B [ B L, ST A v X G R R DY R 2 4 1 E B O kAT e B, 2
B H T I 4 R SF A 300 mmx300 mm*3 mm, 22356 R 2 B WK 1R .

®1 BRALERARHEEAR

Table 1 Lamination of carbon fiber laminates

Material type Laying method Thickness/mm
A [0°],4 3.00
B [0°/90°/45°/-45°/-45°/45°/90°/0°], 3.00
C [45°/0°/—45°/90°/90°/-45°/0°/45°], 3.00

x2 EAMBBERNEMNFEHR

Table 2 Elastic parameters of composite laminates

E,/GPa E,,/GPa E,/GPa G,,/GPa G,/GPa G,,/GPa Uip Uiz U3
131.00 10.20 10.20 6.30 6.30 391 0.25 0.25 0.38
1.2 g"{gﬁ%ﬁ&ﬁiﬁ © o o o o o > Flangehole
J:%i/ﬁi%\%ﬁﬂn@ 2 F)]"/jf\‘, 3D-DIC ‘?Jﬂ']%/\ of" 300 mm x 300 mm “|e—> Fixed plate
4i th Wi 5 Fastcam SAS /& BAHMLAL AL, Ry T 52 . o lLaminates
B, 2 5 2R G0 A0 LG (R A0 il e s | IR / . .
T VRS TN HCEL 1 E 2k S N SN ) I—
Hor g 5 v AR AL R —E A R R AT I

400 mm x 400 mm

R [R) — X3 Y SEIe R B, g5 3h )25
fil e ', W) 2 fih & FL TR AN 3D-DIC W R
4, W5 5 AH AL IR B S — & 510 o Y AR &
A, I LA 8 bit ATE ki A7

J5F 3D-DIC W i #0100 5 A XoF b IO M S OB L VR AR WO I S, R B A S e A8 N T
FORE Y 7 %, A S50 Z B AR HIVE T 8 B El B Sy . SC 30 B PR 46 B TNT AR AR 2, 5 5y
Bk 20 g A1 35 g KEZTEJZ AR IEIE 7, RIFEZ 0 B0 5 2 A i JL o 7 — R 2 . th TN
P o R P, R o B R R AR, DR I A DR IR T AR 0 9 S R A 45 B2 1 0 L SR Y 0 48 0 R
35 000 i /Fy, EUE 53 HE 2R K 320568 143 o S56 it F K 24 1) Joa it DA B K 2 v 21 J2 6 AR R B n 3 3
Fim

I JERERI LR EA

Fig. 1 Schematic diagram of the installation of laminate
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Fig.2 Schematic diagram of the measurement system

R3I TRXBENESRIESH

Table 3 Experimental parameters of different types of laminates

Test No. Laminate type Explosive mass/g Explosion distance/mm
1 A 20 350
2 B 20 350
3 B 35 210
4 C 20 350
5 C 20 100

2 KBRERHH

fifi FH VIC-3D #1{4 ik B 7 22 45 R 4E 21 Y
T il A T FRCBRE LA T, T AR AL 1% 1 ) )
IX 32k %% K R AH AL 3% (Field of View, FOV),
DIC 155 JIr 16 45 A9 A 5 D e X 358 4k Sk A 2 3
B X 15, ( Area of Interest, AOI) , F£ 5 28 T 4 1Y
A X GE PRI & 3 B . Hoh AOT i RF
h 320x568 1R F, T T IE A A OG- IX A R/
g 29x29 1R K, KA 3(HERE 2 MR R A
—) o T AEF XA TE SRR SR AT 5 B AL
B, TE VT X B0 5 A /R R ARAE A,

o P y 07 T2 BC AR AR £ s s
4, W HAR I EAG AT IR Fig.3 Calculation area selection

21 FHHAEFRIERTEESWRMNTNENRN S H
XFAR BRI, C 3 RhREZERE )RS

RIHEAT T TNT 20 20 g, K255k 0512 4 w4 BERENRGRER

B 0 EE—% 350 mm 1R K 9; % 50 5'} B Table 4 Macroscopic damage of the laminates

B MR LN 4 BT . Test No. Macroscopic form of destruction
WA 4 FF s, A Bk 8 6 A R, Hehg 1 2 penetrating cracks and 5 obvious cracks

o 0 05, A 247 2 1 oo B U4 2 No visible crack

J2 AR IR I, J22 45 45 0 00 R 2 TR : No visible crack
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Fig. 4 Damage form on the surface of plate A

223t 3D-DIC AR R A Y R HEAT A0 2, 75 3 A B2 G R 00 B E A B, n1E S TR . (ERT ] =
1.57 ms B, whfi P W 4 J2 5 A, ool 28 w IR R O G T 0.2 ms, J2 4 Ml AR T Je 47
PR B> O AUTEF 4 T7 10 W5 i, v UL B 1) G R B2 B MR b i iR BEAR S o SCI AU AL BEAS R S A
HR WL 4 21 ) J2= 5 Al 4 4 £ 19 DL A T

w/mm w/mm
t=1.57 ms 0.390 0 t=1.77ms 9700 0
0.363 5 9.118 8
0.3370 8.5375
0.3105 7.956 3
0.284 0 : ﬁ 10.0 £ 7.3750
02575 ' o £ (67938
02310 '3 N 6.2125
0.204 5 5.6313
0.178 0 140 5.0500
0.1515 4.468 8
0.1250 3.8875
0.098 5 : 3.306 3
0.0720 -70 =i 2.7250
0.0455 735045 140 21438
0.0190 Vi, > 70 1.562 5
—0.007 5 0.9813
—0.034 0 0.400 0
(a) Center point displacement begins to increase (b) The laminate is penetrated

K5 AR EEL
Fig. 5 Variation of the displacement field of the plate A

B B2 G AR A8 e A AL AN P 6 BT, HEBER TR 0L 5 A BUAR SE e AN TR] . An T 6(b) Fr s, J E
RE R, T v AL B, AR WS 7, (BN AN RS R T B A B R o BRIE SR
Je, BEORRECA 7 A AT AR A AR W] UL 2SR o 3 T AR AR 2 =017 ms I, K 2457 AR 0 it i M
FFUR M2 A M, ol SRS SUR LT 78 =0.74 ms B, J2 A RS 2 K B AL RS 14.9 mm; B 0752
HEANRG RS, (L R A e /ML RS T8 Wi /0, 9k 7 M B2 MR /s, B BB AR N g mT UL, J2 A AR
A LASE 2 OO AR X 25 R o el O™ AR R REHE 0 1] 6(f) I RN, AR bl A% A O AR AR R L, 2
=31.7 ms I, J2 G WA OLAE O JL-PAE R, SRR A AR 00, B8 32 i e HULE SRS R N A2 1
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t=0.17 ms w/mm t=0.74 ms w/mm t=1.26 ms w/mm
0.480 14.900 1.780
0.449 14.075 1.546
0418 13.250 1313
0.386 12.425 1.079
0.50 || 0355 15.0 . 11.600 1.80 c 0.845
036 £ [ 0324 115 10.775 0, 0.611
0.23 & §0293 807 £ [ 0.050 Zﬁ)g% 0378
20.05 0.261 1.0 9.125 -2.00 0.144
140 0.230 140 8.300 140 —0.090
0.199 7475 —0.324
0.168 6.650 0 —0.558
0.136 5.825 - —-0.791
70_55 = 0.105 5 5000  -70 - & -1.025
20 = —140 0.074 0 N 4.175 0 —140 -1.259
35 35
Vi, 770 0043 Vmm 7070 3.350 Vi 3370 ~1.493
0.011 2525 -1.726
-0.020 1.700 ~1.960
(a) Center point displacement (b) Center point displacement (c) The displacement increases in
begins to increase reaches the maximum the opposite direction
t=1.54 ms w/mm t=2.49 ms w/mm t=31.7 ms w/mm
1.7 11.55 0.982
1.0 10.95 0.962
03 10.35 0.943
-0.4 9.75 0.923
-1.1 7915 0.904
-1.8 8.55 0.884
-2.5 7.95 0.864
=32 7.35 0.845
-39 6.75 0.825
4.6 6.15 0.805
-5.3 5.55 0.786
- —6.0 4.95 0.766
~70_35 7 133 8';‘2‘;
-35 ¢ ~140 7.4 375 .
Ving, 3370 81 315 0.707
—8.8 2.55 0.688
-9.5 1.95 0.668
(d) The displacement is reversed to (e) The displacement reaches the maximum  (f) The final displacement is basically zero
the maximum of 11.55 mm for the second time

K6 BRZGWAHELE
Fig. 6 Displacement field change of plate B

eI B AL i, HAALRS AR AR N AT 7 B o il & TR AE S UBRKE S ), vh i O IR 4, 0 A
B AR BT, S RME o 14.9 mme BEJR, whob i A i DU SR, Al s LR S /1, {H el
TE IR S S e T2 A A 2 RS 0 ST il 3O, B RN 9.5 mm fr il BB AR, R0 U 282
WP IETT 3O, 28 A BB R AL RS 11.55 mm, WILTEIRER o AT B oA BRI AT K AR A AT Y 1R %
B, kA T 2 .

C BUMRAY AR i fe 5 B BUARAR WAL . i TR MA BT e SR, C BUARAE +=1.23 ms I A4 JT 4R )™ A=
ARAE, R RAOEAE A B BUARAR R o P 8 D P A F e i R T AR BN ) A2 ALY T 2 0 — 8 9 AR AL R
AR, Sz ily CFRP RAFRYPTMPdAE 1. C BUAR BB R 08w T B BN, B R ABAH 22 0.001 2, AT UL

15 0.006
I 0005l — Maximum principal strain of plate B
g .5 : —— Maximum principal strain of plate C
£ 10 20004
= =z
£ & 0.003
g 5 3
8 £ 0.002
g ol =
ks g 0.001
2 -s| £ o
@) E‘“ —-0.001
-0 -0.002
0 5 10 15 20 25 30 35 0 3 6 9 12 15 18 21 24 27 30 33
Time/ms Time/ms
&7 vt SRR R T A2 AR 2k K18 B, CHEIM O R T RS RER R AR AL Y 2
Fig. 7 Displacement curve over time of Fig. 8 Curve of maximum principal strain over time
a pointnear the center at the center point of plates B and C
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BREE

SO WOINR—O0ONWOIRL— O WO
CEEEEEE
Offset displacement/mm

R I N
IERRE]

ORI

WO —0O

B33333

Offset displacement/mm

e s S O O T S

—t=1.74ms

—1t=1.77
ms ~150 100 —50 0 50 100 150 — ¢=1'80ms

ms y-coordinate/mm

—=150 -100 -50 0 50 100 150 —
y-coordinate/mm
(a) Displacement of the selected curve of plate B (b) Displacement of the selected curve of plate C

F9 B AUFIC ZUARFTIE I A RS2 AL X L

Fig. 9 Comparison of displacement changes of selected curves from plates B and C

22 BAERIERATEAIRNBG TR

N T 28 3 W M 24 T MR B X S ARRER B R, LA A A i B i £ e AR R Y
PAOTPLEL, % B RUM#EAT T TNT 2408 35 g, K24 [0 B2 5 B0 B2 9 210 mm AR AR SC 5, X
C RUMZHEAT T TNT 2520 20 g, %EZ5HE B4 100 mm AR KE S50, 2 A A5 05 i 1 100 o

SLER AR 10 PR, 2GR T —E R R, Horh B B2 5 A i 45 0515 B0 S R
T, B T A YRR SEAOT R SRR | RG2S . C RUR B MAEA BRI R R4
FREE R ARAE T, BT 20, th T2 —E WU AR, ARG BT o2 R, A i £
HET7 10 AW, (R A LR e S, e S A b B T RO K
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LB R R L LR NN RI—

(b) Damage diagram of plate C
10 B U1 C BRI R ETEDS
Fig. 10  Surface damage morphology of plates B and C
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Deformation of Carbon Fiber Laminates under
Explosion Based on 3D-DIC

LIU Qingqing, GUO Baogiao, SHI Chen, CHEN Pengwan

(State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract: An open explosion loading experiment was designed for three differently laminated carbon fiber
composite laminates to study the dynamic mechanical behavior of the laminates under different explosive
masses and explosive distances. Based on two high-speed cameras, an experimental measurement system for
high-speed three-dimensional deformation field was built, and the images of the dynamic deformation
process of the laminates under the action of the explosion were recorded. The dynamic displacement field
and strain field of the laminates under the shock wave were calculated by 3D-DIC software. The results show
that the laminates only undergo elastic deformation under low shock wave, and the orthogonal layer and the
quasi-homogeneous layer have good impact resistance; under the action of high shock wave, the laminates
will cause damage in the form of delamination, matrix cracking, fiber breakage, etc. The order of the layup
has a great influence on the form of damage.
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