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Fig. 1 Schematic diagram of the measurement of sound speed by windowed laser interferometry

(Solid line indicates shock wave and broken line designates rarefaction wave)
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Table 1 Test results for 93 tungsten alloy and 921A steel

No. h/mm  v/(km's')  p,/GPa  G/GPa Strain Strainrates/10°s” (7, +7,)/GPa Y,/GPa  o,/GPa

93W-1 3218 2.82 49.5 196 0.11 0.17 1.05 2.10 1.28

93W-2 2.892 4.23 84.1 254 0.17 0.31 2.26 2.78 1.54

921A-1 2.808 2.88 38.1 110 0.21 0.36 1.07 2.08 1.19

921A-2 2.823 4.02 62.4 141 0.22 0.47 2.62 2.67 1.44

921A-3 2.818 5.20 90.1 166 0.26 0.62 2.99 3.15 1.57
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Determination of the Mechanical Properties of Metals at Very High Strain Rates
WANG Zihao, ZHENG Hang, WEN Heming
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Science and Technology of China, Hefei 230027, Anhui, China)

Abstract: Metals are widely used in the defense industry and civil engineering and an understanding of the
mechanical properties of metals under intense dynamic loadings is of great significance for the design and
assessment of weapons and protective structures. In this paper, the dynamic yield strengths (HELs) of 93
tungsten alloy and 921A steel at very high strain rates are determined by plate impact tests using a two-stage
light gas gun system. The paper consists of three parts: firstly, the basic principle of the plate impact
experiment is briefly introduced; secondly, the experimental data is analyzed in some details; finally, the
dynamic yield strengths of 93 tungsten alloy and 921A steel at very high strain rates are determined. The
experimental results show that the dynamic yield strengths of 93 tungsten alloy at strain rates of 1.7 x 10° s'
and 3.1 x 10° s™" are 2.10 GPa and 2.78 GPa respectively and the dynamic yield strengths of 921A steel at
strain rates of 3.6 x 10°s™', 4.7 x 10° s and 6.2 x 10° s are 2.08 GPa, 2.67 GPa and 3.15 GPa, respectively.
The experimental results also show that the dynamic increase factors for 93 tungsten alloy and 921A steel at
very high strain rates are between 2 and 3.
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Fig. 1 Schematic of experimental apparatus
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Fig.2 High speed camera arrangement Fig. 3 Size of target board
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(a) 149 m/s (b) 167 m/s

(c) 180 m/s

4 149, 167 Fl 180 m/s fy i L H0 44 L
Fig. 4 Results of bird strike experiments at the speed of 149, 167 and 180 m/s
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K5 TC4 A4 PAHRBIAIR A
Fig. 5 Failure of TC4 titanium alloy plate
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Fig. 6 Geometry of bird ball
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HA P EAXFRYE, 75 2854 von Mises Ji IR EM #EF T8 1E . A 50K Johnson-Cook ) 25 A< 14 155 il
Johnson-Cook 5t 145 2 2 BE B 5] A 4R 2% 48 55 48 tH 19 von Mises B IE AR M HEZR v i A 4 7] DL RAE
TC4 BhA 4 e 5% o 2T VR H T A S8 1 U 30 02 ) At 493 38478 o Johnson-Cook 2 2 A A 152 7Y 14 3 35
KN

o= (A+Bg")(1 +ClngH(1-T") Q8
K o HIBMER BN J1; A S WA RN (R RN J15 B AT n 2k I 28 5 Ak R 8K & 45 3008 1
C g B A8 MR R B &'=8/80 R T I RABLAL 3R, 800 5% AR H T'= (T = T) /(T = TN T ik 40 L f“,
T RHUREE, To ARG, TS IR m MR Sk R

®1 BEMRSHR
Table 1 Material parameters of bird body

Density/(kg'mﬂ) Elastic modulus/GPa  Poisson’s ratio  Yield stress/MPa  Failure strain =~ Tangent modulus/MPa
928 0.068 0.49 0.69 1.25 5

F B E TC4 BKE M BHBLEA X BRI, 51 ARLEA X PR FG(o) B IE von Mises Jai il 17, 15 3] i
i R 5

¢=f(0)G(0) =1 2
flo)=3J/o; A3)
G(o) = eXp[—C(f +D]=1 “4)

e ) = 1 von Mises IR € = cos(36) = 5 =500y Lode S JUf10% Lode fit. J, Jof
W15 AL, J, R B = R @,cﬁmmﬂ&,%u 5o R 3 AR SR L B
X 5 IR

s

c——21n( \/_TS)——Zlna, a= \/_Ts %)
AP R AEBT YN A S IR Ty o T, AR AE SCIB B i sk, B PRIRIAE T IR R B g (o),
15 BZ AN (4 1 SR A 5K
dO','_/' c(ds,, l])
def = 4125
0o
g (o’}}a‘l) + a—‘?dé
dﬂ:ﬁ
Ly — 6
Bo-in” 60‘§qH ©)
Y,-,-:Deiexp[Zlna(§+1)]( o Ina 2%
O'g 00‘ ij
zﬁg og
3 0oy; 0o

e D, R BVERE I, dACHIBPE S SN T, & IR AR, oK RN T, ot A OB N T
Johnson-Cook 51143 2 R AR 7Y Sy
Er= [D1+D2 eXp(D;U*)](l +D4 11’18*)(1 +D5T*) (7)
K e W RBUNAE s D, ~Ds WM B SEG 0 =p/oeg, Fo p HFIKIETT, 0o BWEFRN T -
BUE T T 0 AR R A0 S 85080 1 38 2001, Hoh E R i i, p BB, wHIAAA EL
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£2 TCAHA LIRS

Table 2 Parameters of TC4 titanium alloy*""!

pl(g-em™) u T./K A/MPa B/MPa n c m
4.430 0.33 1878 1060 1090 0.884 0.0117 1.1
E/GPa ‘éO/571 D1 D2 D3 D4 D5

135 4x10* —0.090 0.270 0.480 0.014 3.870

TCA4 PR 4 V- Al e i B 43 1 B (BT A BR DG

BRI 7 B TCA RUSL, Je FLA M10 #42 £ Y N

% C3D8R 7 [ 1A /\ T e 45 B4 B IT R L TC4 titanium alloy plate
i e S — Bk, IS RS T TC4 B /

M LA R W2 A TR A 2 () A 4 Mk o e HLad it 16 Fixture

"

M10 B2 [ 5 78 S48 1, 7R BU(E T3 v o g e it
T LR SRR 4 iR Bl 149, 167 F
180 m/s.

16 TC4 2k A & F i Bk 6 M HEA TR XL

ORI A3, AL 8 %, Hrfo AL S, S, A0 S, i 7 ST B

O S,. S, ol s, VST 28 7 TR Fig. 7 Numerical model of bird strike

2.2 'H'EZ:E% Fixture box
9 g B 48 3 HE O 149 m/s I TC4 Bk & 4 °F Plate test S

MR S5 R0 1 = B o S ik P AU, S A S,

2 5] ofr it P40 A R O 52 O MR R 1 U i 0me o

AR A [ AR o P A 32 S 44 o i S5 7 A i i 5°m§f‘
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50 mm

Bird strike point

e AR BEIRIIE, 180 m/s I T (Y 5 KA RS R P8 XA
AR IR KB ET(2.00 ms 7)) » LR, Fig. 8 Distribution of observation points

TC4 Bha 4 AR AL R, X 1 2T Il ek, e
Kb B ISR R, e AP M S DX S A 4, [ I P 1 e AL, PRIk B 0 DX A 3 B B A
JEG A K10 AL, PHRAR R R RS 5 SR A R W) S B . 3 Bk T BUE A H NS
o B AL 3 foe KA RS e 3 B

BT it 5 A3 2089 180 m/s 00 K TCA BRA5 5 P M B UR aod e v i) S5 8 BB P AL < P . AL 11 ]
LA i 0.40 ms Iif, A7 F4h2k L i1 4 B B o 4n i BEZESE 0.68 ms I, P-4 5 e H 42 fik Ak 1E A S84
B Bs 1.04 ms I, 4RO #A 28 A1k HLg fih b T 46 362 28, O 36 e B SR M 207 1l 47 i€ 5 2.00 ms B,
T S R 4 RS FLAL LTI o X HE ] WL, SHIAS 2 A 12 A% AL AR A9 353 005 AR IR IE 20 Se e 24 SR 2
A—E
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(a) 0.02 ms (b) 0.40 ms

(c) 1.66 ms (d) 2.00 ms
9 149 m/s BIESERN 1 = K
Fig. 9 Equivalent stress nephograms of bird impacting with the velocity of 149 m/s

S/ MM S/ MM S o/ MM
—5.11 -5.91
—16.62 —24.92
—28.13 —43.94
—39.64 —62.95
—51.15 —81.96
—62.66 —-101.10

12.060
—4.832

(a) 149 m/s (b) 167 /s (c) 180 m/s
110 TC4 BhA 4 T AT 45
Fig. 10 Deformation of TC4 titanium alloy plate under the bird impact
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Table 3 Maximum displacement of titanium alloy plate impacted by a bird

Maximum displacement/mm

Velocity/(m-s™) Method s, s, s, s, s. s,
Sim. 65 51 36 64 55 23

149 Exp. 68 60 38 63 53 25

167 Sim. 75 60 48 76 65 27

Exp. 80 59 47 76 63 24

Sim. 119 101 63 118 103 54

180 Exp. 117 90 53 103 95 50

Strain/107
100%)

(a) 0.40 ms (b) 0.68 ms

(c) 1.04 ms (d) 2.00 ms

BT 180 m/s B0 FHHEFAHEIAY TC4 R G S-S 2
Fig. 11 Failure process of TC4 titanium alloy plate calculated at 180 m/s

T 5 520645 51 59 (37 B - 0] i 2 % F AN 12 BEos o AL 12 FR AT AR, 4345 S A 10 A AR Ak
R KIS 4 BRI AR W) £y, 6 A ASHIE 5 FH Y Johnson-Cook 51 75 7 ¥4 1451 443 2 S50AE 10 36 45481
TC4 Bk 4 i ol 48 o o ) LA LU B ME A 19 o

F13 X EE T 6 AN UL A 00 13 A8 I A i 2 o B AR 20 G 6 S LI a5 10 A 15 S 56 KCHE 14 AR )
GERE . WE 13 h ol LUE W, 5 S 2 i I &S, A1 S, 195 30N A8 #E 0~0.2 ms ISR,
0.2~1.0 ms AR FF4, 1.0~ 1.4 ms FER K, 1.4 ms J5 AR S, S INE Brdi =t FA WL A
PR XA B, UL A S, A0S, A S50 A% H BB B A9 D PR A T 3 A A T S e A2
W Z . S5 TCA Bk A 4 VAR IR], A8 % ] 38 A 0.2~ 1.0 ms PR 7 9% 1) 340 S5 A% 3o 5 300
b J Ty, BRI S, FS, DX A4 R B 2 1 G2 B, PRI AR T 5 B 1.0 ms B, 105 S N D
PR FNIL S, 1S, DX, 750 28 BRI K.
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Fig. 12 Comparison of calculated displacement-time curves with experimental results
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Fig. 13 Comparison of calculated strain-time curves with experimental results
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Deformation and Destruction of TC4 Titanium Alloy Plate under the Bird Impact
JIA Lin', LI Congfu', ZOU Xuetao®, YAO Xiaohu®

(1. AECC Commercial Aircraft Engine Manufacturing Co., Ltd., Shanghai 201108, China;
2. Civil Engineering and Transportation College, South University of Technoloy, Guangzhou 510641, Guangdong, China)

Abstract: In order to analyze the dynamic behavior of aerospace TC4 titanium alloy plane under the bird
impact, the deformation field of TC4 titanium alloy plate subjected to the bird impact was studied by 3D-
DIC dynamic deformation field test technology. Meanwhile, a numerical simulation model was established
based on explicit finite element analysis software ABAQUS. In this model the Johnson-Cook dynamic
constitutive relations was used to describe the property of TC4 titanium alloy, and the bird model was
established with smooth particle method (SPH). Comparing the numerical and experimental results, it is
concluded that the calculated strain can match the experimental results well. The rationality and reliability of
numerical analysis of the bird impact on the TC4 titanium alloy model are verified.

Keywords: TC4 titanium alloy; bird impact; smoothed particle hydrodynamics method; shear failure
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Fig. 1 Schematic of experimental device
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Fig. 3 Typical fracture process of sphere impact rigid wall
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Fig. 4 Shape of spheres under different impact velocities
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Fig. 5 Shape of the fragments at different impact velocities
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Table 1 Main microscopic parameters of discrete element mode of quartz glass

Effective modulus Normal to shear . . Size ratio of .
. . . . Minimum radius . Tensile strength of Shear strength of
of linear stiffness ratio of ~ Porosity . maximum and
. of particles/mm | . contact/MPa contact/MPa
contact/GPa linear contact minimum particles
55 2.9 0.2 0.1 1.5 300 600

®2 ARPEEBSTHMESYH

Table 2 Physical properties of quartz glass under ambient condition

Method Equivalent Elastic Poisson’s Compressive Tensile Bending Fracture
etho
density/(kg'm™) modulus/GPa  ratio strength/MPa strength/MPa strength/MPa toughness/(N-m~?)
Manufacture
. 2.203 77.8 0.170 860 50 67.0 0.78
provide
DEM numerical
2.203 78.0 0.172 798 50 67.4 0.85

simulation
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Fig. 6 Fragmentation process of quartz glass sphere at 78 m/s
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Fig. 7 Sphere velocity, impact force and internal

crack versus time
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Fig. 8 Velocity-time curves at different impact velocities
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Fragmentation Process of Quartz Glass Spheres Impacting Rigid Wall
FANG Jisong, WANG Zhu, XIONG Xun, ZHENG Yuxuan, ZHOU Fenghua
(MOE Key Laboratory of Impact and Safety Engineering, Ningbo University, Ningbo 315211, Zhejiang, China)

Abstract: The high-speed gun is used to study the impact of quartz glass ball on rigid target plate. The
crushing process and failure mode of the ball at different speeds are analyzed. When the impact velocity is
lower than the critical failure velocity, the quartz glass ball rebounds from the target plate, and the
rebounding speed is slightly below the original speed; when the critical speed is exceeded, the sphere
exhibits a “compressed fracture zone—surface spalling zone—shear failure zone” failure structure; further
increasing the collision velocity, the expansion of the shear failure zone causes the sphere to be fragmented
into several “crescent” fragments. At higher impact speeds, the quartz glass ball collapses and spalls at a
distance away from the impact end. Furthermore, the discrete element software is utilized to simulate the
impact damage process of the sphere. The crushing of the sphere under high-speed collision can be divided
into three stages: elastic compression, integral crushing, secondary impact. Before the ball breaks, the Hertz
contact theory can describe its impact force well, but the crushing force is much smaller than the theoretical
value due to the fracture unloading, and the deviation gradually increases with the increasing impact speed.

Keywords: quartz glass; fragmentation; spallation; discrete element method
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Table1 Test group

Type of test State of rock samples Group Loading rate/(m-s™) Temperature/ °C
A-1 8.01 20
Natural state A-2 5.62 20
Compression test A 293 20
A-4 8.27 20
Saturation state A-5 5.12 20
A-6 2.05 20
B-1 8.65 20
Natural state B-2 5.28 20
Splitting test B3 187 20
B-4 8.89 20
Saturation state B-5 5.34 20
B-6 1.44 20
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Fig. 6 Stress-strain curves of the fine sandstone under different loading rates

044101-4



5534 45 FOR A AR AN B AR S PRI I HEATSE 5543

4B By ol TN R v P W B AR 1 I P 5 B RIOIR S B R o K,
AT R A, LA I S 1) AR AR

B4 2 SRR B A B R AR I L 27 B S B R 2401
FEE - % 5 Rt 4%, AL 7 R . AT, HOK £ 220¢

—=— Natural state
—@— Saturation state

RSN TSRS Q8D 193 A5 50V 38 S B2 %m
B R B, FLR S R 2
B B KA T B AR R 2]
TR VAR (RS RO A B A 5 |
AR R AR T, AR F A ARl 3 L
B HRRRE T A HVEMERER, SIS § gl
0.006 5. 0.004 5 7475 ZEAR s 446, i 2 oot

KRS T 92D 42 25 38 5 LR SRR A 2 3 4 5 6 1 & 9
{15, B2 I 20 R B 1, PURORS A1) 4 ) Foading ratetms )
SRR A S O

T 3 2 K AT 3 7 3 AR T Y
AR BREG N, o i ARG LA 3K 4 B8 A Vie-2D/3D
SRR AL I, 345 T 5 A5 R 4 F BAIIR 25 55 B 26 10 11 B S IR A 2k 1 75 5 B, L 8. T 9 o,
oo, A BT AR 7 I 1 RS . TG I A-3. A-6 23 00 0 I 2k o SR MG 5 v )
Ik o I 5% VA e R, S A B SR B B A R R R A B AT 4R AT . AT 8 A
VR O o] LA HE, 4 PR 3025 TR I, 2 T V75 50 430 A0 A 249, 40 A HY B RE 725 88 o, e i 725 4 o 0 o7,
SEREIR T B U TSR )y . BRI S SRR 2 T 0 RS 4 b K SRS T T 0 A, RS
%, HVRACIRAS R SRR 3 R IR SRR A T 950, AR 1 R AR K SRS 0 R, 181 B 3
B FH R TR 25 1 5 0 T SRR 7 0 B 5 5 2 A R, 22 B 1 A0 8 2 S AR 25 F
SERENUR B JEE L RSO AS T/ KRS T 220 R 22 T 1 30 2 50 1 IR 8 3 1 75 B K 00 25 F
G, I ELH HK P 7 1037 RS, 80 ph T K S o 0 3K 2 R WA TR A R
LI (9 B Ty, A R PE A, 75 9 Bl 4008 DR T I R A5

[ 7 ORIA] s ST 0 eba i sh S R B 2k
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Fig. 10 Dynamic tensile stress-time curves of the fine sandstone under different loading rates
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Fig. 12 Instantaneous strain nephogram of a natural rock sample with the crack appearing on the surface in dynamic splitting test
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Fig. 13 Instantaneous strain nephogram of a saturated rock sample with the crack appearing on the surface in dynamic splitting test
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Comparative Study on Dynamic Tensile and Compressive
Strength of the Saturated Fine Sandstone

WANG Guangyong', YU Rui', MA Dongfang’, HOU Yuan'

(1. School of Civil Engineering, Henan Polytechnic University, Jiaozuo 454000, Henan, China;
2. College of Science & Technology, Ningbo University, Ningbo 315211, Zhejiang, China)

Abstract: Using split Hopkinson compression bar (SHPB) device, uniaxial dynamic compression tests and
dynamic split tests on fine sandstone in natural state and saturated state were carried out. The influence and
difference of water and loading rate on dynamic tensile and compressive strength of fine sandstone were
studied, and the failure mechanism of the fine sandstone in dynamic tension and compression was analyzed
with digital image correlation (DIC) technology. The test results show that the dynamic compressive strength
and tensile strength of the fine sandstone under the two states have obvious strain rate dependent effect, and
they increase with the increase of loading rate. Under the same loading rate, the dynamic compressive
strength of fine sandstone in saturated state is smaller than that in natural state, while the tensile strength in
saturated state is larger. Water has little effect on the strain rate effect of dynamic compressive strength and
tensile strength for the fine sandstone. However, water can improve the dynamic compressive strength and
tensile strength enhancement factor of the fine sandstone, and has a more significant effect on the dynamic
tensile strength enhancement factor. In the process of dynamic compression, the surface strain concentration
of the rock specimen in saturated state is significantly less than that in natural state, the strain gradient is
more significant, and the tensile-shear effect is weakened during the dynamic tensile process.

Keywords: saturated fine sandstone; dynamic strength; dynamic increase factor; digital image correlation;

failure mechanism
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1.1 SCIE R

SR R P as Ak e 2 B RS, i B Ak e )2 B B b ) 2 B — o R B e R R, AR 1 BT
N o BEESEREAY KIS 1000 mm x 1000 mm, HZBEEEA 4 FHIEREE, 4350k 6. 8, 10 1 12 mm,
AW ZHR N PVB, Je 2R 1.52 mm, FE] )2 52 a4 oS DHESC L, 28K ZEE N 6 mm,
TRVRE O ] fef ke ) 8 A Jle A7 B A 3

lTempered glass

(a) Schematic of hollow tempered laminated glass (b) Picture of hollow tempered laminated glass

B s i R R B E Y

Fig. 1 Schematic and picture of hollow tempered laminated glass
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Table 1 Structure configuration of scheme 1

d/mm

Group No. d/mm Serial No. dJ/mm
Glass PVB Glass Air Glass PVB Glass
41.04 D4(1) 6 1.52 8 6 8 1.52 10 6
1 41.04 D1 8 1.52 8 6 8 1.52 8 8
41.04 D4(2) 10 1.52 8 6 8 1.52 6 10
49.04 D8(1) 8 1.52 10 6 10 1.52 12 8
2 49.04 D7 10 1.52 10 6 10 1.52 10 10
49.04 D8(2) 12 1.52 10 6 10 1.52 8 12
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Table 2 Structure configuration of scheme 2

Group No. d/mm Serial No. d/mm d/mm
Glass PVB Glass Air Glass PVB Glass
41.04 D1 8 1.52 8 6 8 1.52 8 8
3 45.04 D6 10 1.52 8 6 8 1.52 10 10
49.04 D10 12 1.52 8 6 8 1.52 12 12
41.04 D2 6 1.52 10 6 10 1.52 6 6
4 45.04 D5 8 1.52 10 6 10 1.52 8 8
49.04 D7 10 1.52 10 6 10 1.52 10 10
*3 ARILEMEE
Table 3 Structure configuration of scheme 3
Group No. d/mm Serial No. d/mm dJ/mm
Glass PVB Glass Air Glass PVB Glass
41.04 Dl 8 1.52 8 6 8 1.52 8 8
5 45.04 D5 8 1.52 10 6 10 1.52 8 8
49.04 D9 8 1.52 12 6 12 1.52 8 8
41.04 D3 10 1.52 6 6 6 1.52 10 10
6 45.04 D6 10 1.52 8 6 8 1.52 10 10
49.04 D7 10 1.52 10 6 10 1.52 10 10
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Fig. 4 Distribution of strain gauge(Unit: mm)
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The impact hammer

The impact point

&5 3kE D6 RS Ay s B
Fig. 5 High-speed photogram of crack growth of sample D6

6 A D6 MUy RN AR
Fig. 6 Final mode of crack propagation of sample D6
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Fig. 7 Impact force curves of the group 1 and group 2 glass samples at different times
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Dynamic Response of Hollow Tempered Laminated Glass
ZHANG Yingjie', YAO Fen', LIU Shanshan', HAN Yang', LI Zhigiang'**

(1. Institute of Applied Mechanics, College of Mechanical and Vehicle Engineering,
Taiyuan University of Technology, Taiyuan 030024, Shanxi, China;
2. Shanxi Key Laboratory of Material Strength & Structural Impact,
Taiyuan University of Technology, Taiyuan 030024, Shanxi, China;

3. National Demonstration Center for Experimental Mechanics Education, Taiyuan 030024, Shanxi, China)

Abstract: In order to study the influence of thickness and structure configuration of hollow tempered
laminated glass on its impact resistance, DHR-9401 drop hammer impact testing machine combined with the
method of minimum fragmentation energy was used in this experiment, and the impact effect was evaluated
from the impact load peak, energy absorption rate and strain. The experimental results show that the glass as
a bearing structure in daily life, its thickness and configuration have a great influence on its performance.
Under the condition that the total thickness of the sample is the same or different, with the increase of the
thickness of the impact layer, the impact resistance of the hollow tempered laminated glass is obviously
improved. Under the premise that the total thickness of the sample is different, with the increase of the
thickness of the inner glass, the bearing capacity of the hollow tempered laminated glass is improved
obviously.

Keywords: drop hammer impact test; hollow tempered laminated glass; structure configuration; impact

resistance
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Fig. 1 Impact test system for laminated glass Fig. 2 Locations of strain gauges
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Table 1 Experimental specimens

No. Total thickness/mm Structure Thickness/mm Quantity of glass layer/piece
Gl 8/0.76/12

G2 20.76 G/PVB/G 10/0.76/10 2

G3 12/0.76/8

G4 6/0.38/8/0.38/10

G5 24.76 G/PVB/G/PVB/G 8/0.38/8/0.38/8 3

G6 10/0.38/8/0.38/6

G7 8/0.38/10/0.38/12

G8 30.76 G/PVB/G/PVB/G 10/0.38/10/0.38/10 3

G9 12/0.38/10/0.38/8
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S8 R AP 2 e/ INBBEUR T RE (MMBY ) 376 1, RIVE ak AN W6 v ol Sk T 9 o B2, (0 35 35 1 AR o8
TSR, BB AT BT TR MR SR A L o 32 i T LA A e oI = B T 1 2 S TR A B SR X
phh i B . ARBIEGERE vk ) 4G R X O 300 mm, 3 KR R 50 mm, B 5 B B AR R A Y
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Fig. 4 Impact-time curves of tempered laminated glass with different thicknesses
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Fig. 5 Displacement-time curves of Fig. 6 Energy-deformation curves of tempered laminated

tempered laminated glass
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Fig. 7 Impact-time curves of tempered laminated glass at fracture state
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ety g Bt R B AR T LA R AN B B BR 1 B B Y s T 06 A e Sk B fioh ) 1% S ) I ) 7 A BE S
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Table 2 Experimental results from drop hammer impact test

No. Drop height/mm Impact energy/J Peak impact force/kN Fracture mode

Gl 650 114.802 63.51 Inner and outer glass fracture
G2 700 123.632 73.62 Inner glass fracture

G3 800 141.294 85.54 Inner glass fracture

G4 900 158.960 114.25 Inner glass fracture

G5 850 150.125 95.03 Inner glass fracture

Go6 850 150.125 89.12 Inner and outer glass fracture
G7 850 150.125 142.93 Inner glass fracture

G8 650 114.802 124.36 Inner glass fracture

G9 600 105.970 103.24 Inner glass fracture

24 WMEIENMRNUERBSIFE NI S

kW) 4 i BB 5 R 52.985 T I, G 4 7 AR IR il 2R A0 151 8 BT, HAh 8 Fh AN Ak e 2 BB 11
JO7 AR I R 2 AR AR H 5 G AR — B, X LE ity g I i TR il s BRI, AR
155 Rnfn () AR R B die KRARL, oy v 18] 2 A i e 4 1 4 [ e, el 0y 248 1 I, 728 R A5 5
WA 18 AR, S AR N IE (R0 fE 5 o ANZBEES LR 7 1R 3745 A JZ B8 B B A8 e 471 67 iy A%
FA e AR (BRI AR ] o v S ik 3 e 2 BT ) B 18, A0 2 B 45 AR BN RN, 9 2 R 4% A B
N REAE o Bl R Sk AR S 1) R s Bl SME B A Rl R AR B AL T A, PN TR B A A o T AR
PERRLREAZ, AN Z B X LA B AR I AR (55 S8 AR S o 32 o T vk 55 A0 2 0 422 fh 7™ A s 45 7
I, Gl B GH AL B P JZ SRS R A H S I B SRR, N AN ZE B T 32 B R SR R I, S O AR A
e .

4 4
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3t 3L
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341 e
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Fig. 8 Strain-time curves of each measuring point of test piece G1
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) A vk AR TR, UZ 50 AL e J2 30 049 S0 2= SRR, A2 B IR B, S 2 B 1) 1V A8 N, e el
PERE s = 2 4 AL e J= BT ) S0 2 BT BONE, PA )= R M SJe S BT 4 1A B0 A e el E
U WKL T 25 R 2 38 1 b il PERE .
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Table 3 Maximum tensile strains of the outer glass and maximum compressive strain of the inner glass

No. Test point Strain/107* Glassy layer No. Test point Strain/10™ Glassy layer
1 2.14 4 -1.90

Gl 2 2.24 Gl 5 —2.09
3 2.38 6 —2.00
1 2.17 4 —2.08

G2 2 1.91 Outer glass G2 5 -1.94 Inner glass
3 1.85 6 —2.03
1 2.13 4 —-1.90

G3 2 2.24 G3 5 -2.10
3 2.39 6 —2.00

25 WMEFENMNUREHBIRASHES
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PR bt o R AR AR 1 SR ) S S (BT 28 P AR R SE PR B BT 48

WE9 frR, Ok Gl b i 2440 B B IEAT 3 AT - i Sk 122 ok &1 J2 B 368 7 A e 46 17 0 0%, TR 4
INE 3 U5 A 3 3 )2 v U A B 0 JEE B 5 ) 1] PVB 2 A% 15 23k PVB #itJZ 5 PVB IR T 8 43 fig i, B
T3V 55 T Ak S 1) T AR R, B 38 P )2 300 2% 11 BT A R B A I R ke R 22, N ) T R
B, B P 2 B0 L B R SR i RV BT R I, PVB R ) JE A by 8 S A TR T 1 B 8
— AR, UL IR TE R R, 2B I TR A U A A ST RE 2 A I oo BB s XA N T I 4 K E
—E{HET, T PVB WY SRR R, 0o A0 JR B T ) bk ok U 2, AE A1 )2 B 58 R O 1) L AR R 6
ANEH RS . I R S B 2 A I L vh s R AR B R AEJS T 1500 ps, S F 4 1 % 7R R R O ) Y
A% . R LA BB R i A R T B

K10 451 T 9 Fha Bs iy AR L 3 A T 25 . G6 B FLIN 2 S0 JF 245, 72402 3 38 vy o5 B B
BT EARN 25.5 mm [ [BJE X3, B2 3 2 80 55 19 )2 2480 42, mT RE 2 R A 9 )2 B8 3 0 4 0 A N
W FLR, B T B 0 A SR, B )R, AN E BB AL ;AR SR, DT IR B ) KR R B
DXl WL At R D0 £ 38 3 2L 5 A R L) B Ak e 2 3 0 o L PN 2 B D R N, e VA 7R 2R SR
S E R B =Rk I SR B D, BE A PN )2 B3 TR )N, i I TR L SOR i S R SR )
K o X AT RE R T 338 09 o i R BB GER , HRBT AL AP R (W BE T Bk, 2S00 % N

044103-7



i34 % = JE Ll i 2% i 541

=0 ps =1 500 ps =1 550 ps

=2 400 ps =4750 ps =12 000 ps
K9 G iR ErY 2L bR () fb i

Fig. 9 Time evolution of cracks in the specimen G1
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Fig. 10 Final crack distributions of 9 types of glass
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Impact Resistance of Symmetrical and Asymmetric
Tempered Laminated Glass

YAO Fen', ZHANG Yingjie', YAO Pengfei', HAN Yang', LI Zhiqiang'**

(1. Institute of Applied Mechanics, College of Mechanical and Vehicle Engineering,
Taiyuan University of Technology, Taiyuan 030024, Shanxi, China;
2. Shanxi Key Laboratory of Material Strength & Structural Impact,
Taiyuan University of Technology, Taiyuan 030024, Shanxi, China;
3. National Demonstration Center for Experimental Mechanics Education

(Taiyuan University of Technology), Taiyuan 030024, Shanxi, China)

Abstract: Due to good light transmittance and great safety performance, tempered laminated glass has been
widely used in automobiles, high-rise buildings and other fields. To explore the effect of glass thickness
distribution on the impact resistance of tempered laminated glass, the drop hammer impact tests were
performed on nine kinds of PVB tempered laminated glass, and the changes of impact force, strain and
displacement of the tempered laminated glass with time were obtained under unfracture state and fracture
state. Meanwhile, high-speed cameras were used to record the generation and expansion of cracks, and the
crack distributions of the laminated glass were analyzed under the fracture state. The results show that the
impact resistance is closely related to the number of layers and the thickness distribution of tempered
laminated glass. For double-layer tempered laminated glass, when the outer glass is thicker and the inner
glass is thinner, the impact resistance is better. For the three-layer tempered laminated glass, when the outer
glass is thinner and the inner glass is thicker, the impact resistance is better.

Keywords: PVB laminated glass; drop hammer impact test; crack distribution; impact resistance
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Tension Mechanical Behavior of 3D Printed
Composite Materials Inspired by Nacre

HOU Xianglong, LEI Jianyin, LI Shigiang, WANG Zhihua, LIU Zhifang
(Institute of Applied Mechanics, Taiyuan University of Technology, Taiyuan 030024, Shanxi, China)

Abstract: Nacre inspired composite materials with different assembly modes were fabricated by photocurable
3D printing. The composite materials consist of two kinds of matrix materials. The tension mechanical
properties, fracture and energy dissipation mechanism were analyzed by quasi-static tensile tests combined
with scanning electron microscope (SEM). The results show that, keeping the length of the cell constant, the
strength of nacre inspired composite materials increase linearly, while the fracture strain decreases linearly
with the increasing of in-plane assembly angle. The fracture strain decreases linearly with the increasing of
out-plane assembly angle. When the out-plane assembly angle is less than 45°, the strength of nacre inspired
composite materials increases linearly with increasing such angle, but it tends to be stable when such angle
exceeds 45°. The strength of the material reaches the maximum value when the out-plane assembly angle is
45°. Most of the tension energy is dissipated by pull-out of the hard materials, generation, propagation and
combination of micro-cracks at the soft/hard interface and the crack deflection in the propagation process.
Keywords: 3D printing; tension mechanical behavior; bio-inspired material; energy dissipation
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Impulsive Resistance of the CFRP/Epoxy Laminate
LI Wenwei', MEI Jie?, HUANG Wei®

(1. China Institute of Atomic Energy, Beijing 102413, China,
2. School of Naval Architecture and Ocean Engineering, Huazhong University of
Science and Technology, Wuhan 430074, Hubei, China)

Abstract: To investigate the impulsive resistance property of the carbon fiber reinforced polymer and epoxy
(CFRP/Epoxy) laminate, the dynamic response and failure behaviors of the CFRP/Epoxy laminate beam
subjected to varying impulsive intensities were experimental studied. The impulsive loading was generated
by the impact of aluminum foam projectile which was fired by a one-stage light gas gun system. To capture
the dynamic process of the impacts, a high-speed camera was employed. The impulsive resistance property
in terms of dynamic failures, deformation profiles, midpoint deflections, failure modes and specific energy
absorption was analyzed by considering the intensity effects of the impulsive loading. The results indicate
that the rate of midpoint deflection response increases with the increasing impulses. The deformation regime
of the composite beam changes from structural deformation to local deformation with the increasing
impulses, accompanying with server matrix and fiber damages. With the impulse increasing, the specific
energy absorption (SEA) undergoes three stages which are directly related to the failure modes of the
laminates.

Keywords: impulsive loading; carbon fiber reinforced polymer; dynamic response; failure mode
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Fig. 1 Schematic and photographs of the assembly for the shock recovery experiment
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Table 1 Shock loading conditions of Nb-Si powder mixtures with different porosity

Sample Flyer Velf)city/ Density/ Porosity/ Shock Second shock Shock
(km-s™) (grem™) % pressure/GPa pressure/GPa temperature/K

Nb-Si-P1 5.505 10 45 60 1173

Nb-Si-P2 2.35+0.02 4.895 20 39 60 1625

Nb-Si-P3 3.980 35 29 60 2256
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i ] X BHRATEHL (PR 1 TS A PR 7], DX-2700 B %FAE 5 AT YA EAF, % 4] CuKa #8 (1=
0.154 06 nm) S£&, AT 8 M1 200 20°~80°, 2K 4 0.03°, AT Al 1 s, i H A H T/ 7] JSM-
7001F 137 & G134 i 0 3 B% (SEM) ZEAT ROWIE SOULEE , IF F SEM e 45 1) BE 3% 40 43 B 45 9+ 1) B
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Fig.2 Copper capsule before and after shock loading
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Fig. 3 XRD patterns of the recycled samples of Nb-Si powder mixtures with different porosity
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Fig. 4 SEM morphology and EDS spectra of the recycled samples of Nb-Si powder mixtures with the porosity of 10%
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Fig. 5 SEM morphology and EDS spectra of the recycled samples of Nb-Si powder mixtures with the porosity of 20%
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Fig. 6 SEM morphology and EDS spectra of the recycled samples of Nb-Si powder mixtures with the porosity of 35%
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Influence of Initial Porosity on Shock Chemical Reaction of
Nibium-Silicon Powder Mixture

LING Xuyu'?, LIU Fusheng', WANG Yigao'

(1. Institute of High Pressure and High Temperature Physics, Southwest Jiaotong
University, Chengdu 610031, Sichuan, China;
2. Department of Applied Physics, College of Electrical and Information Engineering,
Southwest University for Nationalities, Chengdu 610041, Sichuan, China)

Abstract: By employing the two-stage light gas gun and flyer impact technology, the impact recovery
experiments of nibium-silicon powder mixtures with different initial porosity at high impact intensity were
achieved. The recycled products were characterized to investigate the effect of porosity on the impact
chemical reaction of nibium-silicon powder at high impact strength. The results showed that the sample with
low porosity (10%) was hardly reacted; When the porosity is 20%, the nibium-silicon powder experienced a
partial chemical reaction to form a NbSi, compound; As the porosity was increased to 35%, a complete
reaction has occurred to generate a Nb,Si, intermetallic compound under the same impact strength (the flyer
velocity about 2.35 km/s). Such results have shown that the complete reaction in the powder reactant of high-
porosity powder mixture is mainly due to the high temperature generated by the pore collapse.

Keywords: nibium-silicon powder mixtures; high impact velocity; shock recovery; porosity; shock reaction
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1.1 PMT K TREIRLE
PMT S WLIA 1, HIR R AnAT 360, B85 BE 0.700 m, Sk #BERIA B 42 0.508 m, & &B 8 FE H 42 0.100 m; H
ShFERT R RIS, TR Yy 5 mm, NEBELAS RN 107 Pa, PMT /K F PRI & A% 3 m. K 5m,
BEJEL 30 mm (4[5 4E T2 4K il i, HOR R WL 20 R BEON T3 A 1B WAL, T R A O e
P2 A, AIG M IC SR AR 2 L B IR D RE A TR &, TAEF & Lol s W+ X6 ke &, H
TG PMT, 3290 4 8 ROT BR ], 4 s 7 iR e A KB, o4l PMT 7E 50 m /K B () TAE 3R
B, A A AN E 23 FEHLA T 7 HE PN 0.5 MPa JE 7 BEATRERL, Sl RS0 T, SRR R (a0 b
i R 7, SO IR I A R R K R R . BRI A B 4 4 PCB Bk AR IR, T
S5 F, T PMT IE 7, BE PMT Hu0 0.41 m; W &5 F, {37 T PMT 25 38 - 10 5 30 7 BEA T 4L, B PMT
L 0.55 m; W i Fyy WSS F, A7 T PMT 2538 - 128 25 76 3 ®EA 4L, 43 51EE PMT Aty 0.55 F1 1.35 m. ik
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Lighting window

Steel layer U Water and pressure valve
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a |
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4 b . |
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Fig. 1 Picture of actual PMT Fig. 2 Schematic of the pressure tank
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(d) =—8.00 ms (e) =0 ms

(f) =1.00 ms

€13 PMT Pyt
Fig. 3 Implosion process of PMT
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FHEEA 13107 Pars, ZE7K I R ) 46 12 ) it
0.5 MPa [ W1 4R F1, FLYE K Sk A1 i A 1% & vhits
W TC R G AR A AR A A A, D
BEALTCBR A 0 W €358 40 ) AR I At - 25 4
BB 4063451 438 AL PMT B
B AN, SR /S ARSI B H 50T (C3DSR), 41k
SRR By 2 230 kg/m®, FPERER Jy 2.77 GPa,
TS EEA 0.376, Wi 244 FR ok 40 MPa, 3% 55 28 5057
4 0.1 pm, ZERLAY b 5 AR R A0 e

No reflection and
free flow in and out

F
PMT Vacuum
+ « +

F, F, F,

Kl 4 PMT ALR{ EAEAY

Fig.4 Implosion simulation model of PMT
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+0.333
+0.250
+0.167
+0.083
+0

—2.4 ms

—7.4 ms
Fl5 skt i
Fig. 5 Change process of flow field in the water
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Fig. 6 Comparison curves of implosion pressure
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(57 B, TR A6 R £ AR 5 X e, X R TR ® 1 ORW IS T b F K E S ER b
{E;F;.: Wik E T IR ETJQ B 7k j,,ﬁ ﬁ: T 1k 56 Table1 Comparison of tested and simulated
e Fb R R 6 B AR R o e AT — shock wave pressure peaks
IR BRI BB I peasuring point o PARMPA
whi B KCTE | MRS I B 2 SR A L Test  Simulation
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38 /1N T 06 R, 56 Sy T (R 0L o B 35 ot Fy 6.18 5.53 1051
ek A 7 TR 5 S B A 7 2 S5, 0 T 1 8 F, 3.19 2.49 21.90
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SEUR 5 AN, ABEADL AR AR ) A% R/ IN X 235 SRR B AT — 2 A 52, (45 i o D R T (B AR AR, H 3R (AT 1
PR 25N 20.8%, 1 2 SEPR TR T oK o BEHU N BRI 7 5 Fy 19 e 8t iR A7 FR Gy, 15 21 Ll o i 0 E
2700 Pa-s, iZBE R A 2 T 50 g bR TNT ¥EZ254% Geers & Hunter 7K FIRKEFRIE A X R TS 0 BE &= .

2 REREREWEED R

FE PMT 7K DY SRR 0 5 32k T0 Al 57 A 6l R0 P A0S 00T PRy 8 o o D A0 55 i 1K1 38 i A 7
W5, R T 7 A, SR AR S 7 20K PMT 25800 A% 0.5 m (1 BL48 BRiA
2.1 BR/KEHBIZ

IK R PR K A2 Bk PMT 3% B8 41 5% W (8] i e, 7K No-reflection and
Vi R A b R T RIS, (s e
KR K LA BR A X A, ] 7 A S A R T
fRi LI AP B B AR 5 m, BB ELAS BRIA T
4 0.5 m; SV S A I A i 5 H S, ~ S, . Vaeum
A3 BIBEER O 0.25, 0.35. 0.45. 0.55. 0.65 m; fii fb & e
ESE P RN AN B SN - R T S e RS ss
AR FR P PMT (S bR TAEMR G, S 8 T K
JE43 5 0.3, 0.4, 0.5, 0.6 X% 0.7 MPa () 5 F Py 42

T AL T BUE AL
K8 Wn I 0.5MPa %%7J<F1’EFH"F7J<W?E%
MR R . AT LAA e TSI AR, K L ] LT PR B
EF' LML BN, W HR B BE, JK A i T iR 2 AT Fig. 7 Simplified model of implosion
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Fig. 8 Water influx of implosion
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Fig. 9 Curves of pressure varied with time
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Fig. 10 Curves of shock wave peak and pulse width with measuring point distance
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Table 3 Fitting coefficient values
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Influence of External Conditions on Implosion Shock Wave of Hollow Structure
MENG Lingcun'?, YAN Ming', DU Zhipeng’, ZHANG Lei*

(1. School of Mechanical Engineering, Shenyang University of Technology, Shenyang 110870, Liaoning, China;
2. Naval Research Academy, Beijing 100161, China)

Abstract: The hollow structure working in deep water is subjected to huge hydrostatic pressure. When it is
suddenly crushed, it will explode and generate shock waves, and cause damages to the surrounding structure.
Aiming at the problem that the implosion shock wave is affected unclearly by hydrostatic pressure and
vacuum volume, the underwater implosion test of photomultiplier tube (PMT) was carried out. It was
verified that the CEL coupling calculation method in ABAQUS satisfies the requirements of PMT implosion
simulation accuracy, and then the effects of external hydrostatic pressure and vacuum volume of hollow
structures on implosion shock waves were analyzed by simulation. The results show that with the increase of
hydrostatic pressure and vacuum volume, the peak value of the shock wave increases linearly, and the farther
away from the implosion center, the slower the increase of peak value of the shock wave. The pulse width of
the shock wave remains basically unchanged with the increase of hydrostatic pressure, and decreases slowly
with the increase of vacuum radius.

Keywords: underwater implosion; photomultiplier tube; mechanism of implosion; simulation of implosion;

shock wave of implosion
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Table 1 Experimental conditions
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No. mass/g distance/mm thickness/mm thickness/mm position
01 40 50 2.0
02 Same areal density 40 50 1.5 4.0 Front face
03 40 50 1.2 6.0 Front face
04 60 50 1.2
Same thickness of
05 60 50 1.2 6.0 Front face
steel plate
06 60 50 1.2 6.0 Back face
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Anti-Explosion Effect of Polyurea Coated Steel Composite Structures
WANG Qi', JIA Zijian?, ZHAO Pengduo', WANG Zhijun’, ZHANG Peng'?, XU Yuxin**°

(1. Naval Academy of Armament, Beijing 100161, China;
2. Science and Technology on Transient Impact Laboratory, Beijing 102202, China;
3. School of Mechatronics Engineering, North University of China, Taiyuan 030051, Shanxi, China;
4. State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China;
5. Beijing Institute of Technology Chonggqing Innovation Center, Chongging 401120, China;
6. Key Laboratory of High Energy Density Materials of Ministry of Education,
Beijing Institute of Technology, Beijing 100081, China)

Abstract: In order to investigate the antiknock performance of polyurea coated steel composite structures
and the energy absorption mechanism of polyurea coatings, the 40 and 60 g TNT explosion loading tests were
carried out for the uncoated, equal-face coating and back-explosion coating structures with equal surface
density and other steel plate thicknesses. Then the polyurea coatings’ effects on the antiknock performance
of composite structures and their protective mechanism were analyzed in comparison of the failure modes of
composite plates. It was found that the anti-explosion performance decreases with the thickening polyurea
coating for the composite structure with uniform surface density, while improves under the same steel plate
thickness conditions. In addition, coating on the rear surface proves to be the best. It was also shown that the
antiknock performance of polyurea-coated steel composite structures is closely related to the characteristics
of constitutive dispersion, interface dispersion and softening effect of the polyurea protective coating.
Keywords: polyuria coating; Tangent modulus; decreasing hardening; softening effect
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