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Fig.1 Specimen of 30W-Cu composites before and after forging:

(a) sintering specimen and (b) EFP liner
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Fig.2 Effect of sintering temperature on relative density of the

tungsten-copper bar
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Fig.3 Microstructure of the tungsten-copper bar after sintering
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Fig.4 Back scattered electron image of SEM of the tungsten-

copper bar after sintering
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Fig.5 Effect of sintering temperature on relative density of the
tungsten-copper bar prepared by the ultrafine tungsten-

copper composite powder
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Fig.6 Microstructure of the tungsten-copper bar prepared by the

ultrafine tungsten-copper composite powder
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Table 1 Forging quality for two sorts of materials

Material Density before forging/g.cm™®  Density after forging /g.cm™ Diameter after Forging
(Relative density/%) (Relative density/%) forging/mm shrinkage/%
30W-Cu bar 9.75(91.3) 10.46(97.9) 26 57
30W-Cu bar prepared by t-he ultrafine 10.03(93.9) Rupture . _
tungsten-copper composite powder
Kl 7 4 30W-Cu EFP 248 S B IR MR IE L R & EERBIGEERE S, BRNEREHT 34N

K. #ETBERMZE N 9.79 g.em™, & 91.6%3 8%
FE, EARE 5.5%, MoEFREMEMHIRES. DR EREAL
JERT G BIRHESS B AL 5T R 1S, B EIEE] 72%.
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Fig.7 Forging process of the 30W-Cu specimen: (a) primary, (b) first step and (c) second step
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Table 2 Mechanical property of the specimen after forging

Density Relative /MPa /MPa A HB/MPa
/g.cm®  density/% " 702
10.49 98.2 315 270 15.3% 980

F A B RIS R R, SRR R R T AEE
R e B RO AT B AR AR T, B ORL AN R AR AR
e, It HARUR R 5 AR AR TE J7 i3l o5 75 2 A4
o R ETE Ao S T 2 A R R R RORE A
EARTE, AR IEH RS A R AR . XHBOE S B
HHATIR KRG M2 LA 412, B kil )& 4 500 °C,
FiE) 2 he & 8 4 30W-Cu EFP 247 B I ikt Jm 42
500 ‘C, 2 hiE K EHHAE . BRI 200 B A1,
LR HIA

HE 8 nfLAE H, SRR AR T /A i, TER
ST B A, SRR EE A B R AEKOR M AT .
TEARIE TH P AR TG, DR A AR sk B ) B A1
T LRSS () T 5 il P 0 v 1 OB U P, T SR S
RAEAZTE , WAE i 3R K5 55 RU0RL S R 457 22 T N 1)

TYeRAL, REREMEART. Bit, BHERN
LW W B PRl D WY S SR & S A R R s
R £ 73 A 2 A BB ek A < Je AR 2L i) R 7 ) #8
KA T B

L

~ 20pm

K18 30W-Cu EFP 271 5L B RIR K I 141 4R
Fig.8 Microstructure of the 30W-Cu EFP liner after annealing
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Preparation and Formability of Tungsten-Copper EFP Liner

Zhang Quanxiao, Yao Dong, Cao Lianzhong, Jia Wanming, Ma Shaohua, Zhao Hongmei
(Ningbo Branch of China Academy of Ordnance Science, Ningbo 315103, China)

Abstract: The preparation and formability of 30W-Cu EFP(explosively formed projectile) liner were studied. At first the two different
30W-Cu materials were prepared by tungsten powder, copper powder and ultrafine tungsten-copper composite powder, and then the two
materials’ formability were tested. Finally the material which had good formability was used to prepare EFP liner. It was found that the
30W-Cu material prepared by common tungsten powder and copper powder had a good formability. 98.2% of the theoretical density of the
density of the 30W-Cu EFP liner material was obtained. After annealing, the tensile strength of the material reached 315 MPa and
elongation reached 15.3%.
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