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Table 2 Emulsified matrix components
Component  NH,NO, NaNO, H,O0 C;H,; C,,H,,O,
Content/ % 71 11.5 11 3.7 2.8
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Fig.1 T2/Q345 explosion weldability window
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Table 3 T2/Q345 explosion welding explosive parameters
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Fig.3 Explosion welding assembly drawing of explosive with
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a. micro morphology close to initiation point

b. microstructure away from initiation point
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Fig.4 Microstructure at the welding interface of copper/steel

composite plate

i

5 &g

S DA FL AR KL 5 R B b 2s B S AR R O Btk )
IR T R, e % AR MAE O O 24 25 0E ) 45 U 8 mm 1Y
X2 W 5 G5 A KE 25 HEAT T2/Q345 BB A W98 . Al
HEIT 458 .

(DR 25 E i T LR T R4
B KR B 20 SRR, AT DL e R R 24 1 e i R RO
AT /N R 2

(2)2505 m-s'F13512 m-s A 02 F AL 1EZS
AT T2/Q345 B KE MR S /N2 25 5 4 I H 595.4 g
M1395.3 g, Il K U254 271.3 g Y XUZ W 55 2540 1 24
RS T2/Q345 R HE IR Bz . AH L B2 S5 A R 2, WL
R R KE L 43 N RT LATT 29 54.4% F131.4% KEZY .

(3)T2/Q345 L G MG ERE R 4. BEE L H#EIE
B, B T be N CF EUIR 25 A R O O 3 K
250 pm JEIE 100 pwm B IE LI TE 454 .

N XK 2021 % $ 294 #5484 (394-398)



398 BEAEME TR, R T KT, AR

22 3CHK explosive loading and weld geometry [J]. High Energy Rate
(1] WS FT, AN, E/NAL, A5 ke IS e IR SR T 14 S AR A Fabrication, 1975, 4(2): 1-16.
D). #A &8 boR5 TR, 2020, 49(6): 1977-1983. [10] AT, BRTS  BR I T (BT A (M. dest: BB Tl iR
ZENG Xiang-yu, LI Xiao-jie, WANG Xiao-hong, et al. Forma- #, 1981: 366-382.
tion and development of explosive welding wave interface[]]. ZHENG Zhe-min, YANG Zhen-sheng. Explosive processing
Rare Metal Materials and Engineering,2020,49(6):1977-1983. (revised version) [M]. Beijing: National Defense Industry
[2] #efRug, D5, Wk, . i 55 5 FLAL M 25 76 4 R T 48 Press, 1981: 366-382.
BRI, KKEZE2ER, 2020, 43(3): 282-286+292. [11] Cowan G R, Bergmann O R, Holtzman A H. Mechanism of
XU Jun-feng, MA Hong-hao, SHEN Zhao-wu, et al. Applica- bond zone wave formation in explosion-clad metals[}]. Metal-
tion of near critical thickness emulsion explosive in welding of lurgical and Materials Transactions B, 1971, 2: 3145-3155.
metal foils [J]. Chinese Journal of Explosives & Propellants, [12] Z=meAs . W4 murEREE LR BES kg, 1991, 4(2):
2020, 43(3): 282-286+292. 134-138.
[3] ZZEA, By 8wk at, 4. 40/ B A A A ME L e o () ). LI Xiao-jie. The upper limit of bimetal explosive welding param-
EHEM L, 2016, 24(2): 188-193. eters|J].Explosion and Shock Waves,1991,4(2):134-138.
LI Xue-jiao, MA Hong-hao, SHEN Zhao-wu, et al. Explosive [13] Abrahamson G R. Permanent periodic surface deformations
welding of aluminum-steel of dovetail groove[J]. Chinese Journal due to a traveling jet[)]. Journal of Applied Mechanics, 1961,
of Energetic MaterialstHanneng Cailiao),2016,24(2):188-193. 28(4): 519-28.
[4] Findik F. Recent developments in explosive welding[)]. Materi- [14] Deribas A A, Kudinov M, Matveenkov F I, et al. Determination
als & Design, 2011, 32(3): 1081-1093. of the impact parameters of flat plates in explosive welding[]].
[5] Jonas A Z, William P W. Explosive Effects and Applications Combustion Explosion and Shock Waves,1967,3(2): 182-186.
[M]. New York: Springer, 1998: 227-228. [15] Deribas A A, Kudinov V M, Matveenkov F I. Effect of the ini-
(6] Bra, R wlkik, & wessEmrEzy R )], &hE tial parameters on the process of wave formation in explosive
B, 2014, 22(5): 693-697. welding[J]. Combustion, Explosion and Shock Waves, 1967,
MIAO Guang-hong, MA Hong-hao, SHEN Zhao-wu, et al. Ex- 3(2): 344-348.
plosives with Structure of Honeycomb and its Application[]]. [16] Stivers S W, Wittman R H. Computer selection of the optimum
Chinese Journal of Energetic Materials (Hanneng Cailiao) , explosive loading and weld geometry [J]. High Energy Rate
2014, 22(5): 693-697. Fabrication. University of Denver Research Institute, Colora-
[7] YANG Ming, MA Hong-hao, SHEN Zhao-wu. Study on the ef- do. 1975, 4(2): 1-16.
fects of explosive covering on explosive welding of stainless (170 BRACHL, Webd, XEOIZE, 25 | M 240 o )23 )5 JAE ) o M AR 4 15 i
steel to steel[)]. Propellants, Explosives, Pyrotechnics, 2019, [)]. KHEZS2% 4, 2019, 42(1): 52-57.
44(5): 609-616. CHEN Dei-guo, YAO Yong, DENG Yong-jun, et al. Effects of
[8] Hoseini A M M, Tolaminejad B. Weldability window and the Covering Thickness of Explosives on Explosive Welding[J]. Chi-
effect of interface morphology on the properties of Al/Cu/Al nese Journal of Explosives & Propellants,2019,42(1): 52-57.
laminated composites fabricated by explosive welding[)]. Ma- [18] Bahrani A'S, Black T J, Crossland B. The mechanics of wave
terials & Design, 2015, 86: 516=525 formaexption in explosive welding [J]. Mathematical and
[9] Stivers S W, Wittman R H. Computer selection of the optimum Physical Sciences, 1967, 296(1445): 123-136.

Study on Explosion Welding of T2/Q345 Alloys with Self-restraint Explosive

Bl Zhi-xiong'*, LI Xue-jiao**, WU Yong’, WANG Quan*, DAl Xuan-de*, RONG Kai*
(1. School of Civil Engineering , Anhui University Of Science & Technology, Huainan 232001, China; 2. School of Chemical Engineering » Anhui University
Of Science & Technology, Huainan 232001, China; 3. Anhui Leiming Kehua CO.,LTD, Huaibei 235000, China)

Abstract: In order to improve the utilization rate of explosive energy and reduce the mass of welding explosive, it was proposed
to use self-restrained explosive to carry out explosive welding research. T2/Q345 weldability window was obtained through theo-
retical calculations. T2 copper and Q345 steel were respectively used as the substrate and flyer layers, and honeycomb explosive
of two layers was used as welding energy to carry out T2/Q345 explosion welding research. The results show that the T2/Q345
composite plate obtained by honeycomb explosive of two layers with self-restrained capability has good bonding performance.
Compared with single-layer explosives with corresponding detonation velocities of 2505 m+s™ and 3512 m-s™', T2/Q345 explo-
sive welding obtained by honeycomb explosive of two layers can save 54.4% and 31.4% explosive by weight, respectively. The
honeycomb explosive improves the utilization rate of explosion energy converted into kinetic energy of flyer layer. In addition,
with the increase of collision point distance, the interface of the T2/Q345 composite plate changes from flat to wavy.

Key words: Self-restrained structure explosive;weldability window ; explosion welding;honeycomb explosive of two layers;emul-
sified explosive
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