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Table 1 Variation of thermal conductivity, specific heat and enthalpy change of Al,O; ceramics with temperature

N A c (H—H.;) N A c (H—H.:)
S Witm ey Qg amy | T W) /g T /G
25 34.10 774 0 1327 6. 42 1307 6.07
127 26. 40 943 0.35 1927 6. 42 1370 9.27
327 15. 80 1093 1.17 2127 6. 42 1420 14,99
527 10. 40 1183 2.08 2727 6. 42 1420 18. 38
927 7.07 1257 4.02 3727 6. 42 1420 21.21
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(a)T=5ms

o I ]
i1'C 25 406 786 1167 1547 1928 2308 2689 30069 3450

Simulated temperature field Actual condition

(b)7=28 ms ,

t/'C 49 965 1882 2798 3714 4631 5547 6463 7380 8296

Simulated temperature field Actual condition
(¢)7=79 ms ;

. I
t/°C 180 1653 3126 4598 6071 7544 9017 10489 11962 13435

Simulated temperature field Actual condition
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Fig. 2 The simulated temperature distribution and the actual processing conditions at the different times
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(b) Macrograph of the cavity (c) SEM of the cavity
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Fig. 3 The temperature field and the cavity for Al; O; ceramics machined with MDSAM
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Fig. 4 The temperature distribution of Al, O3 ceramics along radius and depeth directions
at different pulse widths
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Fig. 5 The temperature distribution of Al, O3 ceramics along radius and depeth directions

0.50 075 .00

d,/mm

at different working currents
IR 23 ALO, MEREHH M
Bl 6 Ry AR BEHE 42 T AL O, P % Us A8 IR BE J7 1] (3 B A 1S 45 R . el BT 6 Ca) M R0 i 5
AR B L R BV AR T T AE G I X 0~0. 8 mm 38 Bl PR T 25 L 0 HLAT LA E 0~0. 8 mm il
BB A 58 T~ A /N IR 3B 37 5 0. 8~ 2. 0 ouen 18 I DAY o W% WG 2 420 B ORI B By . B 242 0. 6.,0. 8,
1.0 A1 1.2 mm B, AR (b0 2 4243 500 20 9 0. 883.,0. 971,1. 044 A1 1. 120 mm, & 6(b) Al %0, iR
R BE 7 ) 7E RRGE MR DX 0~ 0. 4 o 31 [ 1A il M I 2 422 398 DR ik 8 177 A G 9 [T A A8 AR K, I f
%4 0.6.,0.8.1.0 Fl 1. 2 mm B, A R A IR BT IR BE 23 1298 0. 736.,0. 476 ,0. 444 1 0. 393 mm, WiHE:

2.3



134 DS 1 5 i i %328

ZR1.2 mm i L,ALO, FIBEmMESIEREZ 9504 °C, W42 N 0.6 mm B, B 5 15 R 7T DLk 3|
33549 °C, W] UL WT I 2428 1SS, AH N T B 0% b o il T 19 T B R A, R BE R /DN L RV TR A A ek BT AR TR L
K,

35 000k (a) Radius direction 35 000k (b) Depth direction
30 000F 30 000F
25 000F 25 000F
20 000f 20 000
%\: . o
15 000 = 15000}
10 0001 10 0001
5000 5000
OfF or
1 " 1 " 1 " 1 " 1 1 n 1 " L " 1 n 1
0 0.5 1.0 1.5 2.0 0 0.25 0.50 0.75 1.00
d/mm d/mm
Bl 6 ARG AR T Al O B % 1 A2 RN BE J7 ) % I B2 43 A
Fig. 6 The temperature distribution of Al, O; ceramics along radius and depeth directions
at different nozzle radii
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Numerical simulation of temperature field for Al,O; ceramics

during micro-detonation of striking arc machining”

ZHANG Bao-guo', LIN Ke-ling”, TIAN Xin-li', XUE Chun-fang”, LI Fu-qgiang'
(1. Science and Technology on Remanufacturing Laboratory ,
Academy of Armored Forces Engineering » Beijing 100072, China;
2. Department of Mechanical Engineering , Academy of Armored Forces Engineering ,
Beijing 100072, China)

Abstract: A thermal transfer model for Al, O, ceramics during micro-detonation of striking arc machi-
ning (MDSAM) was established. Based on the finite element theory, the temperature field of Al, O,
ceramics during MDSAM was simulated with the aid of the ANSYS software. Combined with the ma-
terial properties, the simulated cavity dimension was compared with the machining experimental re-
sult and the effects of the machining parameters on the temperature field were analyzed. The simula-
ted results show that the highest temperature of Al, O, ceramics during MDSAM can reach 13 435 °C
with the given machining parameters. The heat-affected zone is quite small and the machining test is
consistent with the simulated results. With the increase of the pulse width and the working current,
the temperature of the processing region and the radius and depth of the cavity increase. The tempera-
ture decreases with the increase of the nozzle radius, whereas the diameter-to-depth ratio of the cavity
increases. The simulated results can provide an important reference for the prediction of the surface
topography, the disclosure of the material removal mechanism, and the optimization of the machining
parameters for Al,O; ceramics during MDSAM.

Key words: mechanics of explosion; temperature field; micro-detonation of striking arc machining;

Al, O; ceramics
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