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[ ABSTRACT]

single hole and axial double holes were designed. Numerical simulation was carried out by using AUTODYN software. Com-

In order to explore the best way of explosive cutting of titanium alloy plate, two charge structures of axial

bined with the test, advantages and disadvantages of single-hole charge and double-hole charge, and the influence of charge
aperture on the explosion cutting effect were compared and analyzed. By calculating the charge amount and using Mises
yield criterion, the cutting off and damage of TC4 titanium alloy plate in four test groups under the two charge structures
were determined, and the propagation rules of the stress wave in the plate were explained in combination with the variation
of vibration velocity and accelerated velocity at the monitoring points. The results show that the explosion cutting capability

will increase with the increase of charge aperture, and the damage of titanium alloy plate will also increase. Compared with

single-hole charge, double-hole charge is more suitable for explosive cutting of titanium alloy plate.
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Fig. 1 Model geometry (Unit; mm)

1.3 {hEER
YE2h J5lifb i RDX SR WL R ZS o)

p=a(1-g e B (1 e v
1 2

, o
p,:fg'ijij' (2 (5)
LSy A p BB R ST E 2 A AR R 2
B et AV WAIARLA B R, R, o ML,
AR Fif RDX 9 WL ARA T RSO 1,
% “$m, (02 U,-z]QWBJ, (3) TCA5k 2 42 BT FH K IV 725 3 19 Johnson-Cook HE
CT NP PR T K S AR 7, 22 T FEE T B b TR e K
R fE ST E FE 938 Ao IR 7 , (A b Ae 2 B T R 44 7
A 1 44 RDX 8 JWL R & F A K
Tab.1 Parameters of JWL state equation of passivated RDX
p/ A/ B R, R, » v/ E/ p/
(g+em™) GPa /GPa (m-s™") (kJ - m™) GPa
1.6 573 14.6 4.6 1.4 0.32 7 910 8.6 x10° 26.5
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Tab.2 Material parameters of TC4 titanium alloy plate

I/ . " C/ Eaili i/ SO, AR/
3 Gruneisen 4 ;) 1 -1 -1
(g+em™) (m-s™") T/K (J-kg™ - K™) GPa GPa
4.428 1.23 5130 1.028 1878 560 41.9 1.092

FREE BT LA R Mie-Gruneisen RS 77 FE R oK fif
JEJI5, TCA k& MM B SE N 2 s, %
21, C, IRPRHA IR B S AR

K H AUTODYN R4 r A7 BT, mFh s
L KT ¥y X By, T B Z
Jr) R R EE % 0.5 mm, BAFLIT P, TC4
A4S RMAEZ LA 1 472 000 KT WAL T %
24 1 440 000 AT, ZEAE O TR AR AR AT,
IFUTER G AR Y Bl 4 I &P 25 mm E 1
AN 5, T T G SRR AR RS 0, T
RIINE 2 fis,

(a) BUALHZY

5#
4t/

(b) ALy
2 TR R i

Fig.2 Calculation models and measuring points
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Tab.3 Charge parameters and simulation

results of models
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Fig.5 Maximum damage spacing obtained by different
schemes
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Tab.4  Stress at the measuring points of each model GPa
28 FEI EI FHE FEIV
1* 3* 5% 1* 3* 5% 1* 3* 5% 1* 3* 5%
o, 2.452  2.990 2.747 2.542 4.830 2.907 2.415 2.874 2.631 2.457 4.591 2.826
o, 1.228 1.621 1.396 1.308 3.421 1.503 1.191 1.587 1.274 1.240 3.224 1.431
o, 1.170 1.769 1.618 1.207 3.659 1.814 1.159 1.651 1.523 1.178 3.587 1.726
Mises v 1.335 1.380 1.312 1.386  1.399 1.387 1.208 1.238 1.224 1.375 1.388 1.372
g, 1.255 1.301 1.256 1.287 1.306 1.277 1.240 1.256 1.251 1.265 1.304 1.264
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Fig.7 Velocity variation of measuring point 5* in double-hole
charge structure
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Fig. 11 Test results of four groups of plates

3.2 RBERESH

WAE 4 AAM IR A5 R AEAT X b, an sl 11 T
7o MRS YT W 8O 7T LLE Y, R ELD 10 mm
FAFLBEZGRY I SR D8 mm BLFLAE 251K IV S A
vk 5 VI Akt S2 450™ 5 Aok BT 24 240 AR
KN &5 mm SCFLAY T 54 iy 28 £ 1% 75 B 3% 5
Wbt 32 4508/ AR @4 mm SALEEZE 1Y T 54
KUV, 1S IV S i R TR m ok, i iE
VE IR RE 158 , X 24 A8 T2 15 b o 8 LA 33K 1 8 1)
TEA M5 A S [ R T SRS IR %
M LE SOFHHARAE R 7= AR BSR40, R T g ik
K, FEE R RE A 52 VE I THRp |, i
PRASE AR 03 10 1 — 2D 1G5 T 5 A 1 FLAR AR 2 24 2

F/ N ARORA T HRRIS GR R | I L ™ A /N Y
UL, IS TR 218 M A 1 s B AR R A iR
P 1) R L% , & 2E T Hopkinson 2007, XH4TFLAL 1
I U= AR T I 3 B R SO 7= A
N T LR B R R P 12 45 0
TR Y S AR L, BB R
S IR 2 AR ZEAUAE 1 ~2 mm 7247, X
Je T AR A A A N AT B, 2 T —
LE AT E AR TS B i T AL T3 alfL
FER/MFAERZE NI S I8 24 3 AN A0 L A1 5
PRI AF A DR SR AR M X G 5 B A AT S22
I HBEE LA B, A DL 2R 5 g 45 R 1R 22
TEAER,
0=
35/
30f
25t
20f
15}
10}

i K45 1) B /mm

i :

HE
B 12 ARG S ST

Fig. 12 Comparison between simulation and test results

4 g

Bt T TR LI IBT TC4 BA -G 4 A A il 1] 2R
FLARA ] XUAL P 2 25 254, 36 o (i A 40 A 1K
B RIT T PR 25 S5 R 0 25 1, O E ad I AR AL
o, BN T IRAEVIBTT S AR AR A5 R
—&, BT

1) WAL 2545 K I AT T AL 25 454, AT LA
TEFEAREE 245 5 B[R], B TR DT A A0

2) O HE LA S R, T R AL AR R/ NRE B 2
ARFRENE DT A RICR, | J X V) BT RE 1 2 BE A FLAR (Y 4
PR G R 7 oy TUIDE VIRV it NS

T2 TR R AR ST T A e B XA 2y
AIDL S, 15 AL 25 L LA 2 S, Al —
AP AT XL DT 5, £ 5 VI Aok 4 1
AR,

2 % X #

(U] XU BRI, SR, 45 =S & S HLPLIE 62 4 ik



2022 46 H

i FTILA 2R DI TCA SR A S R 7% - 49 -

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(9]

BrsE[ )] M & BhHL,2020,46(3) :71-76.

LIU C, CHEN G D, HUANG F Z, et al. Study on aero-
engine casing containment test [ J]. Aeroengine, 2020,
46(3) . 71-76.

BRI XL H  F B %, 45 JE T LS-DYNA i =X
EHERSR B p A R [J ], IR3h S
i, 2013, 32(24) :174-179.

WU X F, LIU G R, LEI Y J, et al. Separation process
and shock response analysis of clamp band systems based
on LS-DYNA [J]. Journal of Vibration and Shock,
2013, 32(24) . 174-179.

BAIAE, TE ST, E AR, S5 R AE SN BBk G e AR BIF 5
[J]. 4% 3h 5 hifi 2019,38(13) :21-25.

HU K L, WANG Q, WANG M, et al. Titanium alloy
plate explosion separation [ J]. Journal of Vibration and
Shock, 2019, 38(13) . 21-25.

TAKEUCHI S, ONODA J. Estimation of separation shock
of the marman clamp system by using a simple band-mass
model [ J]. Transactions of the Japan Society for Aero-
nautical and Space Sciences, 2002, 45(147) : 53-60.
RAMESH A, GANESAN C, KUMARAVELAN R. Nu-
merical analysis of engine inlet fan blades with different
materials [ J]. Materials Today: Proceedings, 2021, 42
(2): 1274-1278.

BARLOW K W, CHANDRA R. Fatigue crack propaga-
tion simulation in an aircraft engine fan blade attachment
[J]. International Journal of Fatigue, 2005, 27(10/11/
12): 1661-1668.

SN, A, B, A BN 0 B 2T Ak 1 0 A 5
BHRAWR[T]. BR,2021,38(3) : 26-30, 81.

HE Z J, WANG M, ZHAO K, et al. Explosive separa-
tion of woven board made of carbon fiber reinforced com-
posite [ J]. Blasting, 2021, 38(3) . 26-30, 81.
WKL, B[ M]. SHC. o ER SRR
AL, 2005.

TAN Q M. Dimensional analysis [ M]. Hefei: Press of
University of Science and Technology of China, 2005.
AEETHE BRI, 4F LT SPH-FEM R4 B R 1Y
JE R A LA AL b il B BB AT ST [ 1], PR3l

[10]

[11]

[12]

[13]

[14]

[15]

5yhi# ,2021,40(16) :132-139.
MIJ Y, HUANG F, LI S Q, et al. Numerical simulation
of rock breaking by rear-mixed abrasive water jet based on
an SPH-FEM coupling algorithm [ J]. Journal of Vibra-
tion and Shock, 2021,40(16) :132-139.
PTEE PEEAS, ERA. RE b U AR R S
BHCM]. dEat . JERT s TR ik, 2015.
MEN J B, JIANG J W, WANG S Y. Fundamentals of
numerical simulation for explosion and shock problems
[M]. Beijing: Beijing Institute of Technology Press,
2015.
A, E3AE, XM ZE, 4. HET SPH SvE LUK
SO o ik AL B RS L] TR
2019, 36(3) : 243-247, 384.
LISJ, WANG A L, LIU X J, et al. Numerical simula-
tion pf soil water jet impact evolution based on SPH al-
gorithm [ J]. Computer Simulation, 2019, 36(3) ; 243-
247, 384.
BT, A, B, SF M SRR S EE
B IWL Jr SR E Jrik [J]. S i, 2015,
35(2): 157-163.
NAN Y X, JIANG J] W, WANG S Y, et al

parameter- obtained method for JWL equation of state

One

considered detonation parameters [ J]. Explosion and
Shock Waves, 2015, 35(2) : 157-163.

WANG X M, SHI J. Validation of Johnson-Cook plas-
ticity and damage model using impact experiment [ J].
International Journal of Impact Engineering, 2013, 60.
67-75.

H T, MR, Mises Jat JIR v D) e HCAE B R T 2 A2
Bt R [T]. W TR A L TR,
2016, 43(11) : 67-69, 74.

XIAO J, BU C G. Application of Mises yield criterion in
the strength design for drilling tools [ J]. Exploration
Engineering ( Rock & Soil Drilling and Tunneling ) ,
2016, 43(11) . 67-69, 74.

AR, Bz SRIBYE Sy [ ML UL b R
K RAL, 2006:75-76.



