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Fig. 2 Cross section shape of explosive expanding ring
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Table 1 Experimental data of expanding rings

Jnag s X U/kV h/mm 8/mm &/ % &/% &/% AU/ /%
3.5 1.90 0.96 14. 46 —6.12 —6.06 2.28
N3 4.0 1.83 0.93 21. 96 —9.88 —9.24 2. 84
4.5 1.77 0.89 29. 50 —13.21 —13.63 2. 66
Ak M A M
5 K — 0.812 12. 25 —22.81 —

2.078  2.408 2.83 17.57




822 1k Y 5 iy o % 36 &

X N7 P19 5 2 Jl 1) 17 AR 5458 ) O AR SE ARl L R R e =¢, JARBUB K AN R 306, mT A Sk H R R K A B K o A
R FRORFEANAE . S AN G5B IE ST T TR R ik BRAR BN A (B A BEE . PR R R ik PR S 3 B T AT
T2 B Be N R T A2 ity B e D IEAA , Bl m B ARV E A 1 JT AR B A A A e e, o 5 UG K B
ZERAA LRI e AR AL, AT UL 6 T KR I KBRS 38 5 , B R FH X (9) ~ (10) 3R
75 12 I P B2 ik 3 P v B S5 R0 Bl 1 D) 5 AR OB M AR L B = S B A B A

SR E R K RS2 50, whils B By B AR AR AN D I A4 . WK 3(HO R AT LB I . R 2 ps ZJF
i 7 T B A H B RAT BB, BRI A N T AL AR . RAETE RN AR, B 2 R s o,
a5 5 A IR DL B4 a5 R B A B ) 1 ) AR B B4E 205 BB © 2N TS TSR
BB A 56 FR A SCrp BT 18 09 J2 9 4 22 i 1Y A2 T sk B B LR A H R K B B i R T i By
BRI T il Bl R B PARIE o Dy 1 ARG i K BT N I sk R v A e g B e B S AR e, () B2
e. (O FRAMM T 4T R,

VLA 1 7E P B 5 e, (0 S e (0O TR BN B RN €, man (0 B € (00 5 FF LA IS 200 4 Sy B5F ] 35 o4
R BEE AR A B RATEY B se, (0 B el () Se PR/ 22 235 728 RV [RTISORE o i 62 1948 ) plt T 7 ot
b B B Al 1 10 A8 9 PR BE 1) a3 A AN B4 O fRT AR AR RS L AT DL S SR AT AR TR . TR AR ) A ) h AR Dy

& (1) =€rmax T AL, €. (1) =€.max T kit €]

Xk, e 3B R AR AR 1 N AR AR AR SRR K R XA L B =1 B e, (1) =e, s
e (1) =¢..

WAL 2. A RAT BB IR A AR I AR BUR AR B e 2 M AR 5 A ) B N B R Ae, =
Ae.=—gy/2, TI2H :

1 1
ér & max ?eﬁymax ’ éz =€z max ?eﬁ.mz\x (5)
H1 2 (4) ~ (5) , T4 Jlt 1] iy 28 A2 1] iy 28

1 1
e (1) =¢ + o Emax T €0 max i
1
2 0,m

——

(6)
e (1) =c. +%eo.mx f
FIHIE 3 b Je U4 TUL B i R B il 2, n] 4006 3 % e B2 K PR A8 1) i 74 55 % 1) iy 2%
e (t)=—0.147 —0.002¢ 0

e.(1)=0.176 — 0. 002t
AP FERALR ps,

AR 8 17 8 B 1 G AR AT A R K K B K ek A e B [ 0 A AR e AR A e iy AR K S AKCEE A
G N ES NI A N ¢S vk =P 34 1) S 2N ol RIS 3y 2 o I s B2 N s el T =915 7 N i B e W G 0D =15
AT BROPR A S T T B v o B B R i B AR . X T R i B S I T A S M 1 R 5 A )
BILFHESE,

A s B BOS AR I B 52 e A9 A S5 S A ) T BR 2 vh  RT DR A A A IR K B R T PR
FH AT B B B B AR G R L IR 6

A D) 7115 A B AT B Bob KE R I 2R e KW A2 A8 5 380 s L G i MK B B O 7 728 48 43 331 oy
1.930.2 890.,3 900 s ', A HEEYERE A B AT WY BL Ay s R BB . AT LA Y 76 A %5 08 o B BES el 1Y)
i o ) P 0 I S 500 R A 108 107 g 07 7% G 2R 2 AR Ak S5 R BB R IV A2 L 5 R i B i AR BUE AR AR BR
P25 IX A 22 55 WA 0 R RE L SIS g W AR O FR I S . A P BR AR A R W A U L SR P B e B
Ble e S5 0B 7, ARAS 1 T LS A 0 0 N K B 07 T 07 A 0GR 5 HL A HL I IR K B i A NS T TE
[] — DX 3, P Z (8] AT DAAH B AR UE . O3 A0, NIEL 6 BT LU H o Bl & A8 S8 00 38, g 77 1 80— 04 £ 16 30
R 3% 5 TR A REBh ) A REAE AR AT



% 6 E PN ST Do I S AL 823

0.3 £ ] 350F r./.‘/.'.,,.»-"' M |
| L [ WMA
0.2 I ~4E T

1
%
=

i

1

S €, o<
___________________ o 2501
0.1F 1 4 4
w % | %; 200+
or 5 .
1 © |50k —¢—Electromagnetically loading, U=3.5kV, €,,,=1 930 s~ |

1 —e—Electromagnetically loading, U=4.0kV, §,,=2 890 s!
100} —2—Electromagnetically loading, U=4.5kV, €,,=3 900 s ]

max

—0.1+

ST 4 L o Explosive loading, with &,and €, ,,,.=5 380 5! 4
-0.2f+ T 501 —=—Explosive loading, without £,and €, §,,=5 380 5™
_() 3 1 1 1 1 1 " 1 L 1 L | L (} L 1 — L 1 — 1 | — 1
o 0 5 10 15 20 25 30 35 0.05 0.10 0.15 0.20 0.25 0.30
t/us Eetr
BT 5 A5 KE NG K B 00 34 [ 07 A8 448 ) A &1 6 2 M 34 Y 17 S AR 5C 2R
iy o) O AR R S A A 1 I AR Fig. 6 Relationship between expanding ring’s flow stress
Fig. 5 Explosive expanding ring’s hoop strain, and effective plastic strain

axial strain, radial strain and effective strain
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Effect of loading history on stress-strain relationship of expanding ring

Guo Zhaoliang, Fan Cheng, Liu Mingtao, Tang Tiegang., Liu Cangli
(Institute of Fluid Physics, China Academy of Engineering Physics,
Mianyang 621999, Sichuan, China)

Abstract; Electromagnetic driving expanding ring experiment and explosive expanding ring experiment
are two important means for obtaining dynamic tensile mechanical properties of materials. In this
study, they were carried out to investigate the dynamic behaviors of oxygen-free copper (TU1) expan-
ding rings. The results show that, during the loading stage, samples driven by electromagnetic force
satisfy the assumption of the uniform deformation due to the body force whereas it is not the case with
the explosive expanding ring because the sample is impacted by the surface force. With respect to this
difference, a new method considering the deformation inhomogeneity was established., where the axial
plastic strain and radial plastic strain during impact stage was included in the calculation of the equiva-
lent plastic strain. Through the revised method a more accurate stress-strain relationship of TU1 was
obtained.
Key words: solid mechanics; stress-strain relationship; high strain rate; expanding ring; oxygen-free
high-conductivity copper
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