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Surface Hardening and Numerical Simulation on Al SI304
Stainless Steel Plates by Explosive Impact Treatment
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ABSTRACT: The work aims to improve the surface hardness of AISI304 stainless steel plate. Surface hardening treatment was
carried out on 3 mm thick AISI304 stainless steel plate by explosive surface hardening technique. The microhardness and the
microstructures of the cross sections at the different locations in the treated samples were measured and characterized by
HXD-1000YM Micro-hardness tester and JEM-2010 transmission electron microscopy. Numerical simulation was carried out on
process of explosive surface hardening by finite element software ANSYS/LS-DYNA. The average pressure and velocity of im-

pact surface were calculated. The effect of the impact pressure and velocity on surface microhardness of treated samples at the
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specific points was analyzed by comparison of the numerical simulation results and the experiment results. From the numerical

results, the average pressure at impact point was approximately 5.5 GPa and the average velocity at impact point reached 178

m/s. Error between the theoretical calculation and the numerical calculation of pressure and velocity on impact surface was less

than 5%. Experimental results agreed with the numerical simulation results. The impact pressure and velocity near initiation and

detonation ends after explosive hardening were less than that at the stage of stabilization detonations. Therefore, microhardness

in the former is less than that in the latter. Distribution of hardness on the cross sections indicated that the microhardness of the

impact surface was larger than that of the explosive surface and increased from 210HV to 450HV and the microhardness on the

explosive surface increased from 210HV to 390HV. There exists the boundary effect in the explosive hardening process. Explo-

sive impact treatment can enhance the surface hardness and entire hardness of plate remarkably. Improvement of surface

hardness is related to formation of deformation bands and planar dislocation arrays.

KEY WORDS: AISI304 stainless steel plate; explosive surface hardening; numerical simulation; deformation bands

ATSTI304 N5 59 ELA 5050 10 TR S Tl i D A S 19 25
A ERe, TN TR R . BTk
K AT AL T 2547 o (AN A0 2 1o 0 B A1, T sk
2=, WO, WO AR 2 TR AN T
ThIT A% 57 M ey B, Wik, WR—FhESN
LA FRE AR XY K AISI304 A5 400 FH YU Rl Fn45i
WSt hEE,

4 R R M 2 TR R 4K 1 — B A ALY 3R T A
B, PR B B0 T R AR AN 2 R0 o
RRENS 4 JE R MmO 2 Ak, JE4R R LA A L it
JESPE R JE bk o SR, AR O AR IS 0 2 T A
XPHLRS , A E B B G, IR R R 2R T R
TARA R AR ALK A T R TE R KR T A R ik
FI N R, A ST G TR S AR e R AL 1k,
ol Rl Ak TR AN PR K 2 32 Al T, T2 5 D A i o
e U G A e 24 7 A A e It IR A 4 )i
M A o 3 R ] P 6 4 < 3 T A v o AR
FIAVEARIE , dEmR B A R PR E P ERER B Y.
SCHR[121FI % B 7E 6 mm JE I rh N w45 T
YIRS, 8T THOKRZIE AL, 48 b 7E 4%
YENINZT SfoRr 404k B[R], SRTAE B T 40K 9 3 G AR
Ao SCHR[3THEAT TR Al A0 A0 a0 A 8 A % 1 4 £ 3K
55, 5 0 R T A A BT SRR B R 6 i N
FERE, MNIMIBHAS T2 EE 2 8l . SCHR[141R FH R KE vhits
D7 X Al AT SRR A, S5 R, AR AL
B RE A2 BIVEEARFZ R, A% [QASE 1t 1 Al o B A ] 72
Mo B P i, A o R R AT B K

R A A R AR A 2 2 e R R N AR A A
X e 5 LA R T s P ) s i) %o K i Ak i A AR A AN
[ BBV I 7 7 A | e o 8 X Rl A A 1) 5 e R
Kb Ko TR, MObF R KERE AL i 72 h iz s 28000 T 2
2 AR B RIE ) TAE , W AR 3% R i A e
&, BT LUBIERE AL BUER TAESE AT L W EZE,
TARAT R HE 2R TR A BB AU S 8 LA B N A 2H 2
TR BE A B, AN SCRL AISI304 ANEE AR M58 %t

%, BEATRR S i R AL R AV B AL, FRAS I 1 AN
il 458 0 32 oF () D R i 2, 3 s 43 A i g o ok R R
J1 T TOR AL SO 55 R B 43 A B, 198 AISI304 A~
S A LR X 2 T R A BLEEL

1 R

AISI304 AN 0.3 mx0.05 mx0.003 m,
RIS FKEZY R 25 G K2, S 900 kg/m®, MR
3600 m/s. K24 i WL ZE 0 2 AN 55 4N Al 3% v b i T 1)
AE, MCELIRE G KT a5 AR (R A0 4
it PG, $E25 R MY B RR S R0 Ok,
B2 S SCRR U O R IR, o SR T R 2
R G SR AR ME SR 2 HE Y 60%~T0% :

W =0.6K+/dp (1)

A (1) Jow HEAfEARZ R (kg/m?); p HE
M B 8000 kg/m®; K Ay Lfir i AR ZG i R, AR
EUE 21T 5 N e RARURE (m). Wi EaTHEH
AL TARZG B R 10 kg/m®, YEZSEBYJEEE N 0.011 m.

FIIH JEM-2010 #1375 5 H, - b G35 W S R i ot i
O 2L, B — A FEAE 5 AT PR IR AS [R)S2 B )
BUREWLEE . o 5 B B i RE 22 i MUARE I | 2 7 U
SRS . {f ] HXD-1000YM 7Y 5 (ks B2 -
b A T AR R, IR A SN, A 40 pm
N, B A S A SR E .

Feb 52 M ( AISI304 ANEEEIMT ) Al 48 W7 g s
J¥ Rl S Sh ARG A pORIREE R v, AT BRI
B AR p T A 2 Richter A3

__Re,
p R+C¢, @

Horb p o shASREAR A s go I KELGMN S8,

ik N ¢0=§( ”i —1] (r WIEZA R Z I,

X TR G AR SRR AR T TR 2.5 C Y



56 % i@

oA

2018 4E 11 H

2
w N NN -1
BH - A%, E%ﬁiﬁﬁ&ﬁ — R
2 rz—r\/rz—l

NI S E TR, R=0.2, #RILTTRE p=7.5",
flf e S Y, R R

%=2%ﬁn§- 3)

A v WECATEE (/s ), Vel E2h 45
3200 m/s, KAF V,=372 m/s.

il A8 3 AR S AR R R A 5
T

P%*))’( = Psteel (Csteel +Ssteel Up )Up 4)

Py = Puca | Caea tS4ea @ Up) |0, =U,) - (5)

X p IR . EAHUEE 7800 kg/m®, whdi Nk
ZE R AR MR Coeer 1 Sgieer HL 3570 m/s F1 1,920
T Rl B 6 P osew=P s, WA (4) FI (5) 1]
SR ARRR P AU, Bif#EET P=5.3 GPa, Hlif#
U,=180m/s.,

2 HE&EW

SRVERE AL BOE AR BT . (1) B E gk
FEESE 2 A N ibAT, ZWE N2 SO = AR AR o
(2) BIEmEE, Eshtei b B iemaine,
22 W Rl 4R X R T S R AR Ak, (3) Wk R, %
M Rk A AR I o

WHELL BRI, FIF ANSYS/LS-DYNA #t 7 4¢
YEF AL BUEAR RS, a1 BT i T IR AN E A
HIEFE DX S SCH K, A T AR AE A 1 o A A, AR
TR 0.3 cm {5 N 4HILHITE 0.02 cm, G
Jy SOLID164, % Jf] Lagrange 8.3 , Bz il g-cm-ps.

LS-DYNA user input
Time = 0

Explosive

50 mm

AISI304 stainless steel .
B Anvil block

IS TSR T A IR

Fig.1 Numerical model of explosive hardening

SMR T 28 i 0 M AR 5 AR A G Y
Cowper-Symonds 51, Ak % 2 R,

\U/P
ay{l{%j :|(0'0 + BEyely ) (6)
Hb o, MIERN S (MPa); & ARAS AR, H
FERFEEL, 43I 40 1 SUS s o AR RN 15
AERELSH B 0.5%Y; E, IBPERELAE (GPa),

H SRR E By U B E e, H E, = EEtE :

t
1/2
o HAHOBYER S, 2355 o8, = ‘(Eg.rg.r] s
e ol 37 i

( &f IPYERAE K i )o KEZSBTRMBIAL*MAT _HIGH
EXPLOSIVE BU-RN 5 JWL ARZS 5 R . mhEsE
R YR AT R S P A RS Dy B RAS RAS D
[ P-V X ZR TR,

Pl 1=-2 | gl 1- 2 |omr B0 (5
v v

1 2
Horb, VO AIXHARRR, HASHON ) 15 e i
WE A, 2 E A e S5 1 R,

1 HEHIWLRESHESH
Tab.1 State equation model parameter of explosive at JWL state

Parameters A/GPa B/GPa R, R, 1) Ey/GPa pol(kg-m™)
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