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Fig. 1. Experimental platform for investigating the influence of electric current on adiabatic shear bands in armature-rail

materials(1-coil case, 2-repulsive plate, 3-steel column, 4-stress wave amplifier, 5-steel plate, 6-limit ring, 7-specimen, 8-brass plate,

9-insulating base).
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Fig. 2. Repulsion coil current and specimen current.
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TR 1 R Y 288 B 08/ A R A N, A A B
AN, BRI 5 B S EAR/NT 2 mm B, gt 7
T Ty kAR I ARTE s INMERE 5 B, R A R
RIS, AR AR T RN, 30T SIS R B A
THEELR. AN TN ERHAAE LA
S, A B M TE RN, AR IS A B AR &
TSR ) FRAE X BT 2R, 1M B T RFFATR
FEVEAATE, BRI KA b LS S EORE S i A4
¥, . L EHEU ERER, BN ER
SE R M 2.5 mm, 3 mm. FiFFEAIET
KSR WIS, AR 4 N A2 & A2
. fEmE T, AR TEAF XS 207 1) Wl 1 55
VIR 17 AR, YN AR S0t 10% s i), AT R

XEUA B B RT 2R B B R SRR T
R R B SR, AT IS T R AR
BEEZN 6061/7075 556 4 PO BUEA MR EE R
B A 4 B2 AR SEBEH 7075-T6 455 4 4%
f L B | TR L B N AL Oy YRR T
GaERTEXTR, RN AR KH T AHX
PR BT U T T, TR K o T A R

# 1  7075-T6 A b2zdlk (i E ot %)

Table 1.  Chemical composition of 7075-T6 alumi-
num alloy (weight percent, %).

BHETABTUIFT B AL, 25 AR T3 20 43 4n
P 135 6 IR, IHBRIN T AR AN ) DL K Rk
LIk, SR AR T IR AL SEER
XA ATl DD L Y R | BRI DGR fE A
by LA 8 < REAE it A b k) e L ) (g
%% 1 mL HF, 1.5 mL HCI, 2.5 mL HNO, #l
95 mL H,0). Rt s i 735 B A i
(electron back scatter diffraction, EBSD) XJ i+
MO SR E A TSR

2.3 MNTERZEMITE

AT AT DX 35k 118 107 AR %58 1) 45 COMSOL %K
14 1 L REAS A AL ANSYS/AUTODYN 4k {4
PR A T e IR 2 TR R 2618
HL i A COMSOL Hit 58 Jy % b R M P 52 19
ML % 0, B TR 2 SR S i B AR A
AUTODYN 5 N AR 238, [ AR R A5 B — 4k
XIFRIETLANE 3 s, R38N ) R A% Ak
FERER A, PSR 242k FH U R 400 43 T s, e,
JOE 7 AR 0 P AR RUE SRy 0.4 mam, SR (4 A%
RSTH 0.1 mm, R aR45 RS 9 07 J 45 2R, 28 I8

%2 ML (%)

Table 2. Chemical composition of CuCrZr Alloy
(weight percent, %).

Si Fe Cu Mn Mg Cr Zn Ti Al Cu Cr Zr HoAth,
0.10 0.28 1.30 0.11 250 0.23 5.10 0.05 Rt 98.89 0.96 0.094 AhE
# 3 BN (B A, %)
Table 3. Chemical composition of pure copper (weight percent, %).
Cu Pb Fe Sb S Bi As Hedte
99.9385 0.0038 0.004 0.0013 0.0032 0.0008 0.0016 At
F 4 TEMFEL (BHEASL, %)
Table 4.  Chemical composition of oxygen-free copper (weight percent, %).
Cu+Ag Pb Fe Sb S As Sn (0] Zn Ni
99.97 0.003 0.003 0.003 0.004 0.002 0.002 0.002 0.002 0.002
# 5  ALO; yREEMHL AR (B Ak, %)
Table 5. Chemical composition of alumina-dispersion-strengthened copper (weight percent, %).
Cu 0] Pb P Al Hfth
99.43 0.16 0.01 0.003 0.25 N
# 6 WML (RET D, %)
Table 6.  Chemical composition of brass (weight percent, %).
Cu Fe Ni Pb Cd Al Sn Zn
62.1562 0.0028 0.0045 0.0045 0.0003 0.0018 0.0038 N
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Fig. 3. 2 D axisymmetric simulation model.
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419 Johnson-Cook 5 FERS I Ky (3 7), I H
I TFA T AR FASR.
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M2 aniEl 4(c) s, 5340 X AR 5T 47 X 58 1) 5
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Fig. 4. (a) Repulsive force curve; (b) strain rate contour at 0.14 ms; (c) stress curves inside/outside the shear band; (d) strain rate

curve of the shear band.
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Fig. 5. DIC Analysis of CuCrZr alloy: (a) Specimen captured by the high-speed camera; (b)—(g) radial strain contours at 0.01, 0.12,

0.27, 0.21, 0.23, 0.26 ms.
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Fig. 6. Comparison of experimental and simulated radial

strain in CuCrZr alloy.

£ 7 CuCrZr 54 Johnson-Cook FHIZ%K
Table 7. Johnson-Cook model parameters for
CuCrZr alloy.

A/MPa B/MPa n C m
404.2 183.1 0.52 0.053 1.09
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oA NEic5 R R p S e VR R S 7S ) N
FEAELAGT YN AR T AR RS I 2
FF BN INERF J1, G AR T, HEcaTER R
PR P T S B R R . 2t 2R R SR,
7075-T6 #3454 H Il S % J7 HL B W {E A 6.20 KA.
P HEW, 7075-T6 #55 STERIT S5 TR AR R
B Ak 1.47x10% s ZEAH AR J1 R X 7075 47
HEMTT AAAF FER R T R SC5, XN
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REE FI(E FL IR 20 R 1.80, 3.64, 7.24, 8.68 kA,
BRI 49 1) 7 0~ (BT T 545 SR 0L 1) FL 3 2
BEAY 5100 3.12x 108, 5.93x108, 1.20x10° F1 1.49x
10° A/m?.

7075 £8 5 4 JC L YRR 1 T 4 AR A5 SR ] 7
i, AT LUE BT X AR — 2R T8 BEAE 27 pm /2
A La BT Y], L5 R BB R 2 B A B e i) 2 A

BT 7075 BRA 4 TG HL I A T AR 2 2R
Fig. 7. Metallographic results of the cross-section for the

7075 aluminum alloy without current.

/ Shear deformation

X 4%, W ASB WAL T E R RHAEIE. ik,
ASB KUt i A A8, R E ASB/HEA A
R, 530k [35] B 4SS R —5L.

AN E R 7075 45 A 4 ) T R AR 4 AR
DGniEl 8 Bz, Bl FL a2 BE P3G R, sl ixt A 46
Qb EEHAR S, ASB K BE BN, 2 H i
R 1.49%109 A/m?2 Bif, SR0RE 5 T R 0 2]
AT ASB 31 5, Wl 8(d) Frs. X 3R IHHL IR
P T RLE0H ASB By AR B KBRS 7075
FRG 4ialRE ASB BB R EE R an &l 9 Fos. FIH
FF IR Nano-measure P i T AR AY ASB
GO, B 0 F] 1.20x10° A/m? T ASB 9%
JE 3510 J9: 27.60, 29.19, 30.86, 31.14 pm. SZH 45
M, PR i S ECT ASB vidk.

X F 03 SR AR R K kb 2k,
o AR ST T 3 AIXF IRSCE, HL R )
B4 0, 3.12x108 F1 1.03x10° A/m? HAHEH
BT T LA RS, Fi s 31k 0 1 3.12x
108 A/m?. 4 5% B 1R 3 0L an &l 10 fros, AN
7] P 98 288 T SR X 2 DX Sl 347 0 45 381 B B 1 2
4, (B RGUm R ERAEA 1y ) AU E
SIS, FEAUI 2 vl U1 ASB 17t

LA HLIE MR 4 AH AR BE DRI ANl 11 T,
BRECHISN, 24 . oA ALO5 VR R b i 5 4

Shear deformation

Shear deformation

B8 AL B T 4 7075 SRR RE R A4S R (a) 3.12x10% A/m?; (b) 5.93x10% A/m2; (c) 1.20x10° A/m?; (d) 1.49%109 A/m?

Fig. 8. Overview of cross-sections of 7075 aluminum alloy under different current densities: (a) 3.12x10° A/m?; (b) 5.93x10° A/m?

(¢) 1.20x10° A/m? (d) 1.49x10° A/m?.
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(b)

i (@)

B9 R[S T Y 7075 SRR AR R 4550 (a) 3.12x108 A/m?2; (b) 5.93x108 A/m2; (c) 1.20x10° A/m?; (d) 1.49x10° A /m?

Fig. 9. Magnified views of cross-sections of 7075 aluminum alloy under different current densities: (a) 3.12x10°® A/m? (b) 5.93%

108 A/m?; (c) 1.20x10° A/m? (d) 1.49x10° A /m?.

P10 AN [ H 3 2 JBE T A 4% 5 4 X AL L
Fig. 10. Observations of CuCrZr diagonals at various current densities: (a) 0; (b) 3.12x10% A/m?; (c) 1.03x10° A/m?

BREE I ZE R 3K, TR IR R IR R R 3,12
10% A /m? SRR AU 3 AT EO3 ) ASB 35, AL
LI 3 B HI AR . B 0 L D iU 7 TR L5 3 S L
S gy, R ELAN 116 pm, 55U 5
290 15 pm. MHEEE N 3.12x10° A/m? i}, 2
S FEAVAT 36 pm, ASULIN 2 AT ASBiI A,
AW Sy P AR T B S g 45 Rtk — 25 R W ik o
LI T 244 AT D)y 7 A

3.2 EHRIEAT 707553454 ASB Rk
TR IR

M AHRIES R AT RITCIE 7075 fha S AL
SEEHPUERRL, BRG] T2 DA Y
AR BB BIUE A TG L N R A T
ASB, {HJ2 1 it AR X 8 /N B S ASB R 2K

(a) 0; (b) 3.12x10% A/m? (c) 1.03x10° A /m?

AFI TR AT ASB EALAY S HLEE, (R ik
£ 7075 SHA ST T LTS
TSR, AR ASB N
HRRFIE, SR EBSD iff— DXL BN 0, 3.12x
108 F1 1.49x10° A /m? B ASB Kz FLRf T X 33k
TTRAEHT, S AR5 RN E 12 iR, Geih&s 28
LS. 45 BoR ASB X & A T i 3 1 i
R Ak, B A A AR AR RO, AR T AR A
R TOR B R RST, /N T 2 M. Bl R
T EEIG R, ASB IR AR RCT B R, M H
Vi T IR 1.49%109 A/m? I, {1 AE WL EE 325 1%
7 R RL, TG R TR A A5 A k. Karantza,
ST RGE T AR B HGE Y ASB N SR RT
BT A &R RS 4 46 F 100—500 nm ix — X [A] .
1.49%10° A/m? T 19 &R RS 1150 nm, #
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TEHLUR

3.12X 108 A/m?
g, TR W

(k)

200 pm . 80 pm 80 pm

B1L BUEADR A (a)—(c) $E40; (d)—(f) B (2)—() AALEIRBORILH; ()—(1) 2
Fig. 11. Metallographic observation of rail materials: (a)—(c) Pure copper; (d)—(f) oxygen-free copper; (g)—(i) alumina-dispersion-

strengthened copper; (j)—(1) brass.

(a2)

001

= LAGBs === HAGBs GOS/(*)
111 [} aaaa— ]
101

12 [l L3 %5 T /Y 7075 48 & 4 EBSD 45 (a) JoHL I ASB/FEAKIX; (b) 3.12x10% A/m2ASB IX ; (c) 3.12x10% A/m?
ASB/FEARIX; (d) 1.49x10° A/m? 51X ; Hrh 1y IPF+70, 2 5 GOS

Fig. 12. EBSD results of the 7075 aluminum alloy under different current densities: (a) ASB/matrix zone without current; (b) ASB
zone at 3.12x10° A/m? (c¢) ASB/matrix zone at 3.12x10° A/m? (d) shear zone at 1.49x10° A/m?, where 1 represents

IPF+Z0 map, 2 represents GOS map.
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a3 — D], I FL 4 A e oA 00 3 T 55
ASB i 5, BHtk, ASCAHTE 1.49%10° A /m? fingk
T, ASBiHk, HAA: THUIASE. BT ASB NAF
FE S AE B BE, B ASB 0 B kN AR JK 38
W, PIGEE R ASB /A8 S — M ks RSB,
It HAESY VI S PE T ASB $ 4 Sk g b
Kl 12(b1), (cl) Fras, 5 3CHk [38] By 4 il 45

# 8 EBSD EI&IEE
Statistical results from EBSD analysis.

AN/ % kR

“HHH

'LAGBs HAGBs filt/%
TEHLIALASBIX. 58.6 41.4 43 0.21

3.12x10% A/m*(VASBIX  36.3 63.7 16.6 0.31

3.12x10% A/m?ASB
JEERIX

1.49x10° A/m?§5YJIX. 25.1 74.9 2.0 1.15

Table 8.

REARAT d/pm

26.4 73.6 8.3 0.34

reRLHUE] /A (grain orientation spread, GOS)
AT RS Fh SRS, — Ik GOS <
2°11) iR R PR S b B0l i BTt GOS & BTG

{110}
v,

K13 il
Fig. 13. Pole figures: (a) ASB zone at 3.12x10° A/m? (b) ASB/matrix zone at 3.12x10% A/m?; (c) shear zone at 1.49x10° A /m?.

HLUL T ASB FA7E R i 0 Zh A HE 45 kL, o Ltk
43%, W BEHG R, ASB PN H-45 i Hu 9] T [ 2
16.6%, 2 H TR 1.49x10° A/m?, ASB 4%k,
FEEE i L ACH 2%, X BEBIASB =4 5iifk 5
AL BARSC. JeRiiaE R, shaSH
45 i T I RORSS 3 Ak 2 ASB B ) 3 R &R
TR IR B0 14400 Hy T Sl A8 FE 4G f aioR RO U,
QRS QIS MR TR I v VR SO LY VAN S %))
I AMX SE ) 25 F 25 i BLPE TR i 2 Hh 2 5 01
Bl o 5 4 235 X ) BN A A A (low-angle
grain boundaries, LAGBs 2°—15°) % FuIg /)y, K
A i3t (high-angle grain boundaries, HAGBs >
15°) di IR, & 8 fFt i Bk — 0. A
[l 12(al), (b1), (c1) H* ASB WAIMY IPF+Z0 %5

KA, SIUIATNER R AR A T B R AR Ak,
MEE I B R — M1 (104) A% 5 HBC 1) % 75 Ay (111) B
. & 13 B S5 R R T 3.12x10° A/m? T
ASB NEBER I YFEE, If HRIR B 3.12x 108 A /m?
Ik i N S LY AR (925 I N E VA N p A P

6.40

0.04

16.35

15.92

0.02

(a) 3.12x10% A/m?ASB IX; (b) 3.12x10% A/m?ASB/FAKIX; (c) 1.49x10° A/m? 8§ Y] X
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(F 13(b)) 5 1.49x10° A/m? F 5 ¥ X /5 L B ]
(K 13(c)) HEA—5L, HE— KW ASBHF A ki $%
PLHR ) A ek 22 I AN 2 B T in s 2 55 U1 AR e 5 i
4, T A PR T oA ) T 1), A QB S R 7R
T A A,

4 3
41 HERHMHBERTYITHERE
S

A o X6 LA R A 8 ) R 3T LA B,
HAFZRAE T HA 7075 i G B b i Bl $hay
DIars, SR | JC AU | BB B DL R AL O, SRR
5 e ASB 7R, AURE T BTOISIE . #1
BHE—RE AN T A 4 FATT VI A XE 5 FE 8 ] U
2 BT UNMEURE 7. B A 28 B BT U] AR
1o, B S BN AIE SRl A = A ASB. T I L
AR R 00 4 PR EUR AN T 7 A, 4 A5
DU n] 3 A A BT DDA T IR Y fE R
%% E %%i_\‘ [42,43].

( )1/4

Horh, e SEHAAGS, p WHHRMEEE, o AR L RS,
X = Mpe, W BER (0 WREE), 7, WK

SREE; ' AR i (2) AT, BT RE 2

P 9pPc2x3

(07

(2)

32~/
TyOé’)/

FLGMORLE L | U AR R B R YTROR B

JoE AR B RN AR H AT G, B | AR A R
TOBR, PR ZR K T IR iR 88 N A A ), BT

AR DL R 7075 R A AR EE L IS VTR
PRI R B T IR B AE SN R 9 R (1440,

B RE 22 TR 45 gk 10 FoR, 7075 SR G
& r=A ASB T RE 22 /N, M 9.93 kJ/m?, 54
77A: ASB T T g 22 K, 1 556.94 kJ/m?. BEdE
P ga /NEIKHE T 430 7075 48 B A L B
ALO; UREGRAGH & 4 | B 5% 5 A 4 . T AU 58
. 2 PR T )RR AE AR S S HET 530 R 24
TCAEAR SR EE A4 . ALO, TREGRILAR & 4 . HE 4
7075 Fa6 4. BUE AR RE 220 = T AR AR
RE 4, Nl 7.8 £, EemAlik 56.1 1% R
TSRS 3 AR S AU S5 RARXS R, i T
B Y B U)AT BE 2 AHA T I B E A AR, PR
ICEHIILINE] ASB 724, 7075 45 A & BT U g 2
WAk, Rk ASB, Jf HAE 1.49x10° A /m?
T AULIIE] ASB T 2%, T PR A BB 22 AH AR T
7075 F5A A TH E, AR 3.12x108 A/m?2 R {if L 5]
ASB ik,

X—EG 5 H TRk S R —3K, 78 K TR
B W) A K AR A EE O R P T, B R
T R 0 8] 6 ¥ B, 7 ) G A B A B 5 Y1)
T AE FLRE & 8 b, ARG E 2 k)i 4l B
{ER v R A ST S IR EINT RG24 35 YA 77 7E.
H—JE AR A ML= L ey by, R
PRI Ay L R4 T 24 A BT VIS TR .

ASB B ANZh7S B4 Rl H

XHF ASB I LA, H 3 2 T R
A0 Bl 25 P 45 A AR L Lk T AR 5T

4.2

DI R 2O, 28 A BT DI REURR M BRI, 7 A= B D07 ASB IR, PRI T PR TR, AR A 52 45 I
BRPRIXE. S 40 | B L TG4 . ALO, TR HIGR AL | . E T DA AR AT BT DA RS — R
F9  WMEMESEL
Table 9.  Armature and rail material parameters.

28 L] B T4 AL O, TR S LA kit 707545
P/ (kg-m ) 8960 8520 8900 8800 8950 2804
/(T kg VKT 394 385 385 394 385 848
PER/(WmK?) 401 117 385 300 335 130
AR /K ! 8.8x10* 8.1x10* 8.8x10* 8.8x10* 8.8x10* 2.1x10°3
JE HR58 B /MPa 80 350 100 340 420 455
# 10 WEMERERSA
Table 10.  Armature and rail material energy barriers.
28 £l B TeEm ALy O37R B fL4R il B 70755
fiemE$#L/(kJ-m?) 556.94 77.35 446.09 148.65 137.75 9.93
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BT a0 (3) X FR:
ar =5 Mg, (3)
P Jo
KX ATy RIS R STIIHAR I I Taylor-
Quinney R %L 3 = 0.95% LIAt i85 147 4 09 Fe K
BT RSB RIETE A 148 K, BYYIHF N BV IR E
T =T, + ATy = 446 K, H:rf T, ) 15 U6
298 K. 1ZIREA /2 LA 7075 555 4 & 2 W] i 1Y
oAb, XaE—AiE T IRAEASE ASB I L)
FEFPE 00120 H J T 2 I 45 i AR Bl
AL 2 5 5 R RS e i , 5% ASB BYIE
B 191451581 I AR A S ey e R WL 1) O i Y B A
FHZE A aokr, PR s A P4 ALl A R AR 5T
H ASB JE LY FEZ L.

FEARSLEG T, ASB JETE 330 ps AR BB A]
A1), T LB AS TS Y B B IR A AR S Y
BB A FAS LR, AR ASB B
BCHT B e SE g2 T 20 6 DR PY, JoEk R R
ANk #Erh ASB N BB 4h di i R I .
EBSD %55 . 7~ B4 i d by A Bl 2 B ) 1 f 2548
b, PRI S R 2 P P45 & f B S AT A T AL
il —g2g g 1954 3R H] Meyers 45 P9 2 H A Tié e
B4 (rotational dynamic recrystallization,
RDRX) FIEXT AR TR, Meyers BRI 1) g7 A
Tl 8 J12E ARl | (4) i
LETS (6)

= 46nDg exp (—Qv/RT)’ @
~ 3tan(f) —2cos () 2 43 2+3
110) = 3 —6sin(6) 3 9 ln27\/§
+4\/§lntan(9/2)—2—\/§ 5)

9 tan(6/2) —24 V3’
Lob 6N AR EE, n b A AL HBE, Dy ki 5t
PRI, LMW AT AR, & BR %2
WL Qy MY HUIEILAE, T My Ias TR,
R MEEIRENREEL, 0 M FHHERE M. DL 7075 45
E4 0, 6Dy = 9.9%x101 m3/s, n = 0.324 J/m2,
Q, = 100 kJ/mol, k = 1.38x102% J/K, R =
8.314 J/(K-mol) P,
TERE Ff BRI 30°HF A R R FE4S i SR TE
%, VAJCHL R RE R 1], AR Meyers BRI 1S
FIEHE 15 ms 224 A BETE AR AL IERS | iIE KT 0%
JngEastiE] 330 ps. LB L, #E Meyers fA1 b H 2%

T B R LIRS ) RS, AR R AT B
PRSI 7% RSN Efar e e i SR, 3O
TEARIE T e S A P45 LR, PRI AS 2 DU
FEAMEFT T Bl A5 P45 b Sobr I 1. Hines 45 P157)
P& T AU B SRR ) PrisM FR4S e
B, JER T AR s BT B, 3R T 55
B W)A BERE T BLAE R, TR TR B TR
{E T2 RiUE) NS B ) DIV 3 D S AN AR A i
PR T R S, DA TR S8 ok fie e
FEHEE ELAYEUE . Meyers #Hig Fl PrisM A5 71 75
FRATT FE—30n, RIS 4504 i 8 A B IR A
155 o, D/ MEASTE AR H Hr e, e
TV 1 R A A IO 2548 1581 D] b T DA R
JIXF 0 R e B B 1 5 B E Meyers BRIE A 4
SRR, R 2% A0 =4 PrisM 11584 AU fij 4k
R —AEEAE T, DR, R R KB ) F =
FAF., Hd F, = n(2 cosf — 1)L Jy FLIRTREREFE
KBTI, Foy = 7,5 HINKIKBN ), 1, S HEH T
mm A AT, S A RRRLER AR, AT LU AR L2 19,
254 Meyers 5 Derby ) BRI, HEs £ Bifi sf 8] ) 35
RFAF LA (6) Ak, dF A5 2 ok iess it
[\, an (7) =X, v D = Dyexp(-Q,/RT). i+ 845
F| RDRX W [H] 5 1 7 16f b & R A&l 14 frzs, Af
LA B 446 K AR BT A I 7 ) L A ) 3k 2
22 MPa i}, RDRX BE#EAE 330 ps WIE L. RIS
B REL B ASB PR A AfokL e 2 b A oRL PRI
B B AR 245 T PrisM R4S RS R AL :

df  4cos?05D

. 2
=T (1l —2sin0)(F; + Fext)”, (6)

1.4

1.2

1.0

]
n
o
\
]
1
o
\
2
o
0.8F
9
o
06 @
o
]
Q

Time/ms

0.4+ 330 us

0.2

7.0 75 8.0 8.5 9.0
lg(7gn/Pa)
Bl 14 JEREshZS 45 St ) BE N F1 5948 1k i £k

Fig. 14. The curve of rotational dynamic recrystallization

time versus stress.
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<:> Pt

TS
PG i

----- DIA L
L g

@ HALF

ASBHUL  ASBili%k

B 15 ASB JE i B oW 45 4 i Ak s

Fig. 15. Schematic diagram of microstructural evolution during ASB formation.

LkT [Y/6

. 1—2sinf

4cos?0(F; + Fext)2
FT EBSD IO FAE 45 5 FRLL5 5 8h J124 5y
BT, ASB JE Gt i i B oW S5 Fa AR Qn ] 15 BT
A RIE 2 B AR SR AN e R ) oA 2R IX e A SRl
FEE AR Y, SRR, R A R
FALES. T ASB HO R AR R, R L AR AR TE
R, (ARG 2. SRR A A R, X
PREE NS AL AR, T % RDRX, #ffif
FERRTE IR TR B 15 4 T M aRic s A, B RYAE
LR T RDRX HAE 4 M ) FL 5 I e B 0K 3
AR AR N SRR R A, AR R
B AT R 1 B LA B AL AT o, it 5 10 2 g 14
K, R EERRFLA KRR IE 8. 8RB DAy
IR, e R R 28 538 58,

(7)

4.3 Bk ERITaIET YT EBIIE
Li 25 W2 4 Sty T e E SR S5
IR EERR,
o (w) @

3~/
Ty’)/

RPESHE XFE E, AT, = AT+AT, kK
BT (AT HEFRAGR M EHETE). %S 81E
e 9 FioR.

Tz R AR SRR AR RS, LAH S AR R

HERRA A JCHLIR ASB 56 B 5 52 bRl (A7 AE
BRRIRZE. M ASB YR, LIJCH
FimT A ASB SEF 27.60 pm VE g 3EdE, LI B H
TNZRAT ) ASB FERE. R E| T (8) 2 )
SR FEA WA BT AT, KRR 7,
WO E T COMSOL i it a3, it 5
LT MRS 235 SR Eb & B, A5 AR (1 e P
A, QSR B1(b) s, AR RS0 m kB
Wi AR TN 11 FR. 2 g3 H Al S= w0
AR PNT 7075 A5 4 10 IRGER B, AHFSE
TEZ H T 2 (0 ok op 8K sh 28 g h A - £ B4 1 TF Je
TER T WL AR R AP SR, AR TR S
AR MR, LA T i B R e 3 2 B
AA T e B B L R R 2 AR SR &R UG
ZERWRBOE A R, k16 s, Hrbor, Ry
R U SIS 1) S IR SR B, 0 A9 G FEL S0 D00 2 P 4
HRBiE B

# 11 RTH I ASB SEE RS R
Table 11.  Temperature rise and ASB width calcu-
lation results.

AT
%ﬁ: /K] Ty / Ty0

apspome Oaspibsy  ARXT
/pm Jum R/ %

JCHL T 0 1 27.6 — —
3.12x108A/m2 0.9 093 2919  29.16 0.1
5.93x108 A/m2 4.3 087  30.86  30.95 0.3
1.20x10° A/m? 158 0.73 31.14 3597 155
1.49%x10° A/m? 26.2  0.66 — 39.13 —
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Fig. 16. Relationship between yield strength drop and cur-
rent density.
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L2 B T B 3IE 5 S0 I 25 R I AR R i —
bk, xR 22N 1%, e, S EAE R
WHNR T S oA, 8 ASB AR, T E
T A B D o R 50 2 37 A (e S92 0 e e v ) e £ )
IR EEARAR (<30 °C), kM Bk AL 0 R A A B
FEHBN R SR AE RN (H XU 100 3 61 e
245 LN 1970 B R ST D LA AN Al (631 4 Al
SR 2611 R 1.20x109 A/m? B R % T it
RARZEMWK, 2 15.5%. BT 4 B AR
SCE (s C) R B THR R A TR mrIE
PRV AE R I T DTHR T R (B SRIET C2). ZESZPrm
Bt AR, B N AR, ASB XIR AR T
SECCHITATT R S AL T SEBRn 80 R i i
FERE. L 180 °C MR BEFEAL T 1.20x10° A /m?
HLUR 2 B R ASB GG, IR 22 4.3%. X)
T 3.12x108 A/m? 55 5.93x108 A/m? B T
SERR 22 AR H /N IR R T e R R Al T IR
9HR JEE A, (ELI RV A 22 e U ) RN 5 RS 1Y
Jii AR BE R, 3.12x 108 A/m? 5 5.93x10% A/m? i
T EE T ASB BEEE IR 2R 5.3% 5 9.1%, U
] ASB S H AR A B R AT F .

i I AR T ASB B8 T A, B
A HLU R BRSO, BT U1 T8 RN, X A fE

SR HIGH B e 42 B AR U 4 A R R A —
SrRE D, (HJE X 1Y R T AH 3T SR AR T 1 R
R, AR i B AW HE o B
PED = R, BB LS IR b, Bl
A S BT R, B A TCIE R B AR TR ey sk Ak 1Y)
I B 4%, DR 7E 1.49%x 109 A/m? B i % 1 F
ASB 4%k.

5 %4 #

o LR R B AR A (A #E =10 1L HY
T =10° A/m?) T HAKFIEEE M RHY ASB i
ARAT R B MLEEA S35 B A ) AT, AR S ik b ) R 8
IR RN o W O 1L = R VR VAE %= i
BYYISI, XA FL 30 % B A T BRI e 4
FHALZUR G R RRAE AT T R AE 431, 2458
.

1) 453085 VI A6 22 A s B Ry S04 L J0 U
% A A ALOs TR IR AL AR & 4 L B A
7075 B4, Hidh 7075 iR A A e iR, Itk
SIE I ASB, HEHIR Z., A SLETE MR E S T
i ASB. TE 7075 544 MBS H i 25 F, I 2 JBE il 14
TNZL K ASB KW/, ASB FE BEHE K, fe &0l
I AR R RE L B L AR S SO B 8
o ASB [RH AR, BRI ik el G 410 1) T v 7 AR SR B
Yl FE a0 ASB AT L.

2) 7075 FRA A BT N EBAEAE KL B A 145
Al AR, SRR A0 AL I LR ER ) AR T R —
WA 767 BESE HL I BE RGN, 7075 885 4
H ASB N AR RTIEA, BhAS 4G A H ] i
TR, S AU DY R E S HH DG Y PrisM 5 7Y
Sk TR AN R T B S R P10 B ) AR AR A T A
M RE. 454 35 U0 N IR THE TR B S e R
FELLES ASB B, shASTRES AL TE ASB JE AR
ik 3= SR

3) AR 7 LA 2 FRL 3 3R T R S G 7 g AR R
T RS R AR R T ASB %S
SIS T, G5, ko i 5 R IR T &
BALRLN S8 ASB TE BERE AN, 75 AR HUIR],
T T BhAS A, SRR, LAY T 4 B PIar
FEA AR LR EEAE 1.49% 109 A /m? B 4 By
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Fig. Al. Radial strain results under different mesh parame-

ters.
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Fig. A2. Radial strain of CuCrZr under multiple measure-

ments.
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Fig. A3. Comparison of experimental and simulated radial

strain in 7075 aluminum alloy.
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Fig. B1. (a) Discharge current at different charging
voltages; (b) comparison of experimental and simulated

temperatures.
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Fig. C1. Schematic diagram of loading controlled by

thermal and non-thermal effects of electric current.
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Fig. C2. Stress-strain curves of 7075 aluminum alloy under

electrical current loading at different temperatures.
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Influence of pulsed current on high strain rate shear
behavior of typical armature and rail materials”
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Abstract

Adiabatic shear bands (ASBs) are a critical mechanism for inducing damage under high strain-rate shear
impact, whereas the mechanism of high-current-density-induced shear deformation of armature and rail
materials remains unclear. This study employs a pulsed power source and an electromagnetic repulsion disk
device to investigate the shear deformation characteristics of typical armature and rail materials under high
strain rates (=10* s!) coupled with high current densities (=10° A/m?). The results show that the ASB
formation energy barrier decreases in the following order: pure copper, oxygen-free copper, CuCrZr alloy, Al,O4
dispersion-strengthened copper alloy, brass, and 7075 aluminum alloy. Therefore, 7075 aluminum alloy is the
most prone to ASB formation, followed by brass, whereas other copper-based rail materials rarely exhibit ASB
features. Both 7075 aluminum alloy and brass exhibit a current-induced suppression effect on crack propagation
and ASB formation. Electron backscatter diffraction (EBSD) analysis reveals that numerous fine equiaxed
grains are present within the shear bands of 7075 aluminum, and the texture within the bands significantly
differs from that of the surrounding matrix. As current density increases, the grain size within the band
increases, while the fraction of dynamically recrystallized grains decreases markedly. The formation of ultrafine
grains and the texture evolution can be reasonably explained by mechanically assisted rotational dynamic
recrystallization. The results indicate that thermal softening alone is insufficient to induce ASB formation;
instead, softening caused by rotational dynamic recrystallization is the dominant mechanism. The current-
induced temperature rise is calculated, and the yield strength decrease under high-strain-rate current loading is
measured, based on which the width of adiabatic shear bands (ASBs) under current is determined. The
theoretical predictions show that they are in good agreement with experimental results. The results indicate
that the temperature rise and softening effect induced by pulsed current lead to an increase in ASB width,
which intensifies energy dissipation, suppresses dynamic recrystallization, and inhibits the formation of

adiabatic shear bands.

Keywords: electromagnetic launch, armature and rail materials, adiabatic shear band, rotational dynamic

recrystallization
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