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Fig. 1 Sketch of penetration experiment Fig. 2 Steel target penetrated by copper jets
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Table 1 C-J parameters and JWL parameters of 8701 explosive

o/(g/cm®) D /(km/s) per/ (GPa) A /(GPa) B/(GPa) R, R, w

1.7 8.1 29.6 581. 4 6.8 4.1 1 0.35

F2 fEF045 W J-C BEF Griineisen REFESH

Table 2 J-C parameters and Griineisen parameters of copper and 45 steel

Materials p/(g/cm®) A/(MPa) B/(MPa) C n m ¢/(km/s) S, % a
Copper 8. 96 90 292 0.025 0.31 1.09 3. 94 1.49 2.02 0. 47
45 steel 7.8 507 320 0.064 0.28 1.06 4,57 1.33 1.67 0.43
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Fig. 3 Simulation model and temperature distribution
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Fig. 4 Temperature distribution of copper layer Fig. 5 Temperature distribution of steel target

3.3 RATEPHESRFAWREETL
RADEE ARG A e FLBE A 5 S5 IR0 B 36 TR A AR v A, el T AR A Jo P A% Ak ) Sl RE AN (] L PR Ik R
TPy BT 2 7645 F Y PR A JA A 5 T L 22 93 A a3 i B A2 £, )

Ti.j = Tiflqj + AiA 2 (Tiflvjﬂ o 2Ti*1~f' + Ti*l’f'*l) S
pc,Ax

. BARFAIG=2) .7 TR SMNEA<GN,N NEEED . Ac ALK, Ax FIEE LKA

HIG R e, HEIERA . PRIE D R E M 7870 55 AF A
AY2S < 1 (2)

pc, A’ =2
PR T 00 0B B 30 BE AN () T 2 () o e R AR o i/ S BT IR A e




5 4 3] Wi SR45 AR S5 UL 1R A0 2 FL AL B4R BE B AROML 20 ZURITF 5 347

(T = TeDa®A | (T = TeDA A Ay T T

Ax Ax 2 At
K T R85 R A AR B 7E @ B 2000 R, T Fon 58 R A AR A M AE @ B 20, T, &
71N 1 I 20 A /B A8 ST I RE LA R BRAE T AR ¢, L o 0 S5l BEURR AN A P 2R A N
HY T R 32 SR ORGP R AT A 3 L R I R LB L A s AR T 4 BOIR s R AR A R R
1 mm, B Z A=W LR 5 79 89 59 JE 5 5 30 mm, U
2002

(3

Tf,lfn - Tg—ul.m + W(T&'l.m—l — T,C—ul.m) D
Fe

TP = TF,, + 284" (pre o _TE 5)
o e, Ax

EOOX~G) o =7.8g/cm’,c,=480]/(kg + K),A*=48 W/(m * K),p™=8.9 g/cm’,c}"
=390 J/(kg + K), A% =401 W/(m « KO, i #ufee G 20 (1D R~ (5) AT LIS B 78 =10 £LBE iy
i S e B FLEE 2 mm N B IR R AR AR B A SR AN R 6 I,

46 ;m:%hiéz%/ggﬁﬁ" ;f%[gqf 1.400p Copper steel 0
HUEL 3 Ced AT AT, 5 5 HR 42 ik Ay 0 A2 400 Ak T 5 B Tob

4 ~0.01s

LG BB KR B T 120K T + 0205

— L b % A e T S

HH LR RAG, A TR TR e S 8]

b O ) 1975 T8 46 K PRt G b 3 T 5 600¢

B 0 0 9L R 5 I X 34 2 (2 mum) 100,

VAT H 293 K., 15 BAJS 10 50 #2 o, 40 4 200 s
-1.0 -0.5 0 0.5 1.0 1.5 2.0

O e ALY L AL L s WES P al(rm)

BB 2 B ZE 0. 01 s P 4 31 00 Y 2 2 010 TR

FERREL A T80 50 A I B i 5 1 Fig.§ Temperatare changes of copper

FE TR 20 0. 7 s I FLAE 146 0 % A iR BE e 31 T and stecl in cooling process

Bl PR IR 0.4T, (542 KDUAR .
3.4 HRBNENTK

Meyers"" A 4 5 9 72 T2 I it bz & 26 T 204k fi ki BE T 3 29 20 nm, 76 B J5 1942 180 0 A2 vh i
SR AR 2 b R AT 1 ) 3 S0 R S B L A 1 SR ORI R AR AR . B TR R ALEE S S Y
6L TFHA R B A8 a0 ok & AR B S K K. Meyers 25 A& BRI K K 5400 U R B L L
AR AR R DL B AR AR B R DG L R B T AR R A S

d? :d3+soexp(*2RLTj(t*t0) (6)

ﬁ*Tﬁi\Eﬁgé@Xd‘ﬁgst_l‘o ﬂ‘]H:J"E”EJFI%’Q%j 5.0
PTG RE s JR AR B do ARRIRBE N T 1 B9

WA RLRE . % T B s — 1. 65 X 10 m/s, Q— 4'0/’

80 kJ/mol,R=8. 3 J/(mol » KO)I2  HHE Meyers g_ 3'0(»

A RS LER ARTT RO B RIS 20 R
BN d,=20 nm, 554 3.3 Wit B8 3 ny R 1.0 ~+ Next to the steel
FEAE AR L th (6) AT LAAS B 5 3 B 2 2 A6 R A ad f p o -
E’\J;ﬁ%*ﬁ}ﬁﬁ{ko 0.1 02 0.3”(8;).4 05 06 0.7

i T A B A T A [ A7 B R R ORE A R
ROPAREIE (DLEL 7) 2838 0.7 s I Al il s 24 4 R 3
4 g SFIEBE R R TR A Ak ) R R R A A R

SV TTE A DA R U
Fig. 7 Changes of copper grain size



348 mOE W

%M %256

SR B R DR 3K R DR g i/ 0 58 A T R0 s L T sl A AR E L AR R BB i S 4R
IEBEE 7R ALEE 5 .l T4 A PG R AR L IR AE 0. 01 s NS TRl 2 B A% 5 56 U B 4 2 IR Z s 2 #a T
—HGRERS— T W ) 0.7 s J5 00 8 U0 BE AR T 14 IR R, A R R A k. X R R R

B 4 R R A AR [ 10 A
4 EUAENHEUARTH

N0 NGO T SR B 2H 2R A N AT RE B9l R A A [ AT PE ) LEICA 2%\ AR R
MEF4A St BB Il Quanta-200 B34 o 855 X 42 190 £L BE b A9 7 0 49 1 47 WL, LI B8 a7 8 A
B9 iR, B 8Ca) . C X3k (0 i 5 AMAR AR 122 fi s A XU S B 25 )2 B 0, 55 28 S k. 78 B IX ]
o A R UARR AL . AR B R RN 0 TR &8 RN T 2 mm) , WR 4 8 4 AL OT
LA AR SR 0 3k B2 B JEE U <G J v 2 R BF- A T T B B2 07 1) ) PR RS AS kb skl R S5 0 B )2 B

A kAN

500 um

(a) Copper jet (x50)

(c) A (x5 000)

(d) C(x3000)

P8 A Y oML L

Fig. 8 Microstructures of copper jets
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Temperature Change and Microstructure Evolution of
the Bore Penetrated by Copper Jets

CHEN Hao, TAO Gang

(School of Energy and Power Engineering , Nanjing University of
Science and Technology s Nanjing 210094 ,China)

Abstract: After metal jets penetrate the steel target,the jets’ material adheres on the penetration chan-

nel wall. The research on the jets’ material is helpful to analyzing the dynamic superplastic deformation

and morphological changes of jets in the process of penetration and cooling. Theoretical computation

and numerical simulation are used in this work to study the penetration process of copper jets.and the

changes of temperature and grain size of copper jets adhered on the penetration channel wall are ob-

tained. The simulated results are in good agreement with the SEM (Scanning Electron Microscope)

observation. From the observation of microstructure of copper and steel,we can get the conclusion that

the copper jets do not melt but instead undergo dynamic recrystallization in the process of penetration.

In addition,the copper grain size increases obviously and the twins are formed in the cooling process.

Key words:jet; penetration; dynamic recrystallization; twin
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