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tF5Y5;-!.=9$P=^,$Q.=C$n4"EJ$45=0$U-u3$=6$d/=vi$.%3$b6$5=;7.-

35B#6B%,4!.m$b%5&$bJ'=34! $4!.=Y$8]3-1[.!$=J$a$t=F5Y$5=;$wD"=?x#$S!

5; D"E$y(N-!.9$4 $45B#.CJ@(A"0$U-$M/i5&$b<'9$.>?,#%'3"9 .

5; D"E-'(35#$4! $Q7.0$45B#.CAISI H13!$P^,$bJ!.9$aJ450$U-$MH
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35B#6B%$bt&5(#_ed#.%$7$5=# $4 $R'9$Q.3$MH$P#75e#-D5=H$=J$r

$t&5(#${5+/3!#%'(95H]4[ . !"#$% !&#'!()*+,-!.#/-!0(1#2#$

 3/4,#56 1*# %/6-7#89 :;<=#>"-:6*?,4@1 A# 1#/,-3#B,CD EFG!",#'

GH"#2I 3/#J/#6 14%/#$K-L#6 1I3I;M-K .NO#PL-"C# !%Q 4 L#!*#?

MCN/#?1#RECS/J-.#+,-.#TUV#RI 3/#D EFG",#24W,-!X=#?!1#6 !1

*EI%/#$K-L#/,-3#B,I,*#8YN A %#J,PA#Z/ UG",#/J-33ISC#;!MP]5[ .

OP7* %;!!X4[-!!)4J !!&!!12\I#W,-!!X=#?!!1*!!EIP:/P1J !!&#P!!L#B,*#8

OP7* %;X4%/#$K-LI,*#8YN A %D-!"P3#!3I#;X!K 1 .#!1#J/C,#8#!*#8

[2J[2J#5 % %*I3# 1C/2J2#]J,PV#W,^45#'!AJ#,;!)#5*5_ !)-=,#5$

$X: %4PG(1#PG<&#;M <`L*#W aM#,J#+,-.#8Z/,/;M,]6[ .

%/#$K-LI12\IN/#?1#J E3PS#/6-7C3#R#!CP!b X=#2#6 !1#81P!&#W,^

NOCQ 4M#2#Z/-1#REa3#WOC(<:#;X3B C#],;2*Zc,4dMC!L#eP!GX&#PC#$

#/P"#'=P"#fPM#5DPS#gL#5DPS#%#h!&#/2PGEN,#i HGM,#5W;K#!C#WQ2J;

3I;K 1]625[ .%/#$K-L#Z2j=#?1I12\INO#PL-"C %Q 4 L#!*M#?CR!E

MC,J,/#^4:jEa3IdMC/ <kM,#DPS#lP:#W E3,#P4,;)#5*] 1-!"J#5$

#/P:3I;K 1]7-9[ .[-)4J &J kUM,4OP7*?!&#'!",#;3 )#'N V#;X

#J kUM,#B,#Z/ UG",# 1*#?FUb#5ZPkUX3#Z/ 3#m#Z;!MPL1n!A-:#?@!b 7#J/

o3CXI L#?FUb#?1#2#?G7PS#i GK*?2,#e !p:,#2#Z/-!<M#/J-!.P1*/ !k

3I/-K . q3#J/*OP7# 1#?`* %;X412\I,#J/#5#!*OP7#8*;!X'!AJrJ2# !%

%/#$K-L#W E3,#2#5?G7PsM#]J-bIY" X3t !`V#],^@7#e p:,#2#P:

%#lP:#?1CMQ2J;I#/ !<kM,#DPS#lP:#24u!L#W !E3,*#P#!3I#;!K 1 .h!%

XvC@1 A#8C%/#$K-L#'I,#W E3,#wuV#2#x-y"#R3 &*&P:#/ kC#] 0

1C^@7#84,#B,#Z/ UG",# 1#/P:#] 1-"J#2#!*OP7#8*u!L#W !E3,#;!X*'!",#P

]11210[. %PG3,J L4[-)4J &J kUM,4dM#!CJ !1#2#n!A-:#?@!b 7#P

J kUM,4#5z{:CPqG`3C<IQ-N-7J-3#P142#D EFG!",#2#lPG!a3#R!p7

GH"IM E3#+,-.#2#/J,/#e p:,#;M 1CEI2#RE!K#|1 !:#lPGa3#Rp7

#[J,^S#lPGa3#Rp7#+,-.K#'",#Z;]13212[.

1- Flyer Plate 

2- Base Plate 

,P7# 3,*#;X[-)4J &J kUM,4# (X:3I;M,-:,P14e p:,%/IREK %4

#}y`3#x-y"#2#] FUb#;XM 3#Z/ "*x-y!"# #?M,-G!",,4J-!F3#h!%

dMCP%/#$&2JI$Ev %4PsX%O#Z/ "4#/2J#J !&#?1 .,#!*qF:#8#!C#~

z{:CP�G3C %P4J !kUM,#J !1#5n!A-:#?@b 74Q-!N-7J-3#P!14+,-!.#2

3 EFG",IJ kUM,#e p:,#lPGa3#Rp74NO#PL-"C,#Q *R!M-EX718?!1

#J E3PS#/6-7AISI H13"JP1#/J-3#,JI#J,PA3I#;!%/ .!Xv#h!%C?!1#8

0K#m<&CB "#?4#ZPkXL5#>1,2J#2[-)4J &#J !kUM,4,#!*NO#2/#8#!C#Q 

#h"JK"JP1#/J-3#2#Z;I'",#Z;K#|A,2.

2- !""#$%&

rJ2 %4,*#RM-EX718,PK#J/*MO#>C#N-!@F3#RIJ,/#D2P!&#J !E3PS#/6-!7#2

�X�-& -Z;K#P�<:AISI H13:P:#?1C L#2#Z;MPL#?FUb#W,-X=#?1#Y*#i HGM,#?

K;M; .?FUb %4] !C@<=#REC!"#'!F:#4J E!K-)#B,#R!0A#J E3PS#/6-7

#;!!XG7PS#J,P!!A#P!!*B#xP!!K#?!!1#I!!:J,PV :#4 !!3/#J/#,;!!G1,350 -300#?!!)J/

GM "I/,PS#4,P1*m'= "LC$DPS#5Z;K#9,/;!k3];!3#?!12J/#'= !"

#Z/2;F3350 -550#?)J/GM "I/,PSLC$DPS'!",#Z;!K.WO#B,#g!L#J/

#4 3/1000#?)J/GM "I/,PS#];3#?1#ZJ-&#J/45?GCXG!"O#'!()#?!qCA/

5Z;*/#]J,PV#W;Km<M#D <V#J/#g�"#];3#?115�X�-!&#?qCA/#!K#2#Z;

#/P"#,-%#J/;M;K .#];3#?13#J/#'= "520#?)J/GM "I/,PS#P�<:#!K#2#Z;

#J/#ZJ 12/600#?)J/GM "I/,PS#];3#?13#?*-M z#P�<:#'= ";K,-!%#J/#2#Z

#mX.#r :,#4 3/# :;M;K .N MOC#!K#^C<C I*rJ2PG32PGE�!",#[2J#?!1# !%4

PaM4;K#D kM,M E3#+,-.#2CEIGH"#2IWO %GH"#2#$a&#W-3BO# 1I

kX"I#/J,;M G!",#t ",#P1# !%4ASTM E8M#2ASTM E92o:#C!C#8#!K;.

&P:CK#YC<C I*M E3#+,-.#2CEI,#!*#8rJ2# !%4 mm100#:P:#?!1#!C#J/#Y

#e2;!)#4 !%)122 (Z/,/#W !aMZ;!!K#;!M,.# L#2#Z;!!MPL#] FU!b#!*#/ !!o1,#?!1#?

mm2/3mm×130mm×130#2mm10mm×100mm×100#Z/ !!!!!3O

;M;K.

'()*+1-Z/ UG",#/J-3#4 %Q CNO#I* C<CK#YC&P:.

C Si Cr Ni Mo Fe Nb Mn V Ti #,-./

42/0 05/1 09/5 12/0 14/1 ?* L - 35/0 82/0 0.040 AISI H13

06/0 02/0 55/18 ?* L 02/3 8/19 75/4 05/0 033/0 95/0  Inconel 718
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/,-3 #mCG"6,#e2;3
(GPa)

I<kV#e2;3
(GPa)

IGH"

 )BPE*2(

hC@`:#$X:
(MPa)

I* (M#Iaa&#D EFG",
(MPa)

IN sv
(kg/m3)

#]-b#I<kV#'=P"
(m/s)

AISI H13 211 85/159 450 606 1346 7800 4527

Inconel718 206 5/163 350 497 885 8190 4468

()*+3-W-3BO#I<CdX:#] Cb-p.#Rp7#2#?G7P*uL#]J-b#4 %lPGa3 %?@b V#4.

123%'45,-6
(mm)

'78-$9:;'8-"
(R)

'<83=#"'>/#?

@*:#A'4B9, (m/s)

'&CDE-.F<'4F);G

<83=#")4+8<(

'HI6'HCJ

K#LME

'(3N'ODP:-DE

Q;3E;

)R)#CDE(

'ODP:-DE

Q;3E;'4.E;<

)R)#CDE(

'>/#?

'4ST:'>U#V

<83=#"
(m/s)

'7W#:;

&MX.+

&6#IE

)MJ/m2(

R3EGY

2 2 615 56/8 I)-3 13 75 3609 18/4 1

4 2 943 67/11
#Z,P<%#^C:#I)-3

#I<&?1,/PS
19 108 3574 7/8 2

2 5/2 628 3/9 Z :-&#I)-3 6 8 3602 71/4 3

3 5/2 805 34/10
# 1#Z :-&#I)-3

?1,/PS
7 25 3590 35/6 4

4 5/2 967 58/14 I)-3?1,/PS 33 128 3532 17/9 5

?FUb %4/6-74@<=#B,#gLC:J,PV#] I�X�-&-@<=#'F:#P�<:C#] 

MB#�X"I� X�3C#!`I2#?!G7PS#J,P!A#?FU!b# !%4,*J-!�#?!1#R!M-EX

M E3CEIN-LC#$K;M; .D !kM,#B,#R0A#[-!)#4J !&M#!C#@&#x-y!"#^#!C#?

?FUb %<:#/J-3#W-G",#e-@F3# 1CJ &#^4;XG7PS#J,PA.ZP!kUX3#Z/ !3

#e-: !!3O)&P:!!C#Y80M#;!!bJ/CM-3O#],P!!G!!C#2#D-20#;!!bJ/TNT (# !!1

J kUM,#'=P"43650#PG3M z#P1C?#'()W-3BO# !%J/#2#;!K#i !HGM,

#R.,/*1-v#?0o)#mI6 1#J/#Y" X3#/ o1,# 14PqG!`3#Z;!MPL#?FU!b

K;."C,JO#hG`*dX:#$C<IB,-34RE!K#J/#?!&)1(/#!*#Z;#!3I#/-!K

OP7#'()*#;X[-)4J &#i HGM,K; .W-!3BO#D kM,#'()#?=-<k3#R&

J kUM,42J#P14PG`14'!7PS#J,P!A DPM#8K#B,PF:#2#!*m#J !kUM,4

XK v#>"-:IY" X3uL#]J-b*'7P .I!"JP1#4,P1#z{!:CP4 !%PC�G3

5e p:,#n@GH3#+,-.#42J#P1#I@<='7P*uL#D kM,#W-3BO#�XL .'0!`M

Z;!MPL#?FUb#?1#4J kUM,#Z/ 3#WB2#'0`M#?&#4J kUM,#J 1#!3I#;!K 1#2

#8C1#nA-:#?@b 7?FUb %$* !3BO#8!*,#J/#?!&#;!M/-1#I* %PC�G3#5 !%

#PCC�:#/J-3;!XG7PS#J,P!A .#,P!K*#>#W-!3BO# !%#e2;!)#J/)3(?!dVj3

3I-K/.

I"JP1#'()z{:CP#?C@&5lPGa3#Rp7#+,-.#P1#4J kUM,#J 1W-3BO %

/2;!F3#W !<N,#J,^7,#DPM#>"-:ABAQUS/Explicit2#I!V,P�#/J-!3

;XG7PS#J,PA#4B "#?C0K .

HCJ1-,JO$*4B,-3W-3BO#J/#Z/ UG",#/J-3 %4[-)4J &J kUM,4.

2#'N V#?N/ o3*@C#�J-1^3 ]17-14["JP1#'()#5IZP!kUX3#Z/ 3#J G7J

/ o3#2?N# !%4#J G. !"4#W-!`M )-0!K#'!()#l-!&C#B !"#?4J !G7J

?FUb %;M;!K#|!A,2#Z/ UG!",#/J-3 .#!�,P*YZ/ UG!",#/J-!3?!N/ o3

W-`M )-l-&0K#'()CB "#?4NO#J G7JCe2;!)#J/# !%Q )4(W !aM

%/,/Z;a;M,.#REK)2( <MI*0K#B,C?B "4?FU!b#2/#/J-.P1B,#g!L

223CM z#2PEC#W aM#,J#J kUM,#B �O#B,#?3I;%/./ q3*#/;!=#P4'=P!"

'()*+2-Z/ UG",#/J-3#4 %Q CNO#IECM E3#2#IE*^C7#+,-..



%GC9HIJ6%K"#$/%;L9:%8F"MNC6%8F"HA9O%0:F;P718%F"H);Q%.R9S%TPAISI H13
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?FUb#/J-.P1#/J-.P1#?yqM#'&PV#'=P"#2#Z;MPL2,B#2*/#?*#3 !XCEI

#e2;)#J/#Z;K#Z/,/#W aM#/J-.P1)3(>!"-:#/J-!.P1#?!yqM#J !a7#2

0KC?B "4#?0" F3KZ;;M,.

HCJ2- <MI*0K#B,?C4B "#B,#gL#rJ2#2/#/J-.P1223?CM z2PECJ kUM,#B �O#B,.

2-1-?8#"&-Z7K#LME'HI6'&?-.J'[56-Z7(-I%;

J/#P!G3#IGM !"#m!*#/ o1,#?1#] &P*,2#Z sG"/#>"-:#I1 HGM,#|� q3

IGM "#m*;M;K#i HGM,#J kUM,#?(0)# 1#4B,-3#'()#J/#PG3 .P!%#?&

#B,#D,;&?M-<M %#Z/ 0X"#B,#n@GH3#RV,P3#I�60ZJ <!K# !:1200

#PC<.#>"-:#2#Z;K#Z;C* "" <N,?;M;K#$CN-L.^!*J#I!"JP1#4,P1

e !G* M#I& !EV#e-@F3#54J G. "2e-!@F3#2#/6-!7#4,P!1#;!bJ/

I& EV60ml HCl+6gCuCl2+5ml H2O2;K#Z/ UG",#RM-EX*,#4,P1 .

#I!!"JP1#4,P!!1A/!!C~P!!:1#W2P!!GEN,#^CN !!MO#5lPG!!a3#R!!p7P#IG!!aS

Ia12J#IM2PGEN,#�-E"2PEC3,#Z/ UG"K;.

2-2 -&?8#"\-CBL?;]^-I%;78-$9:;

I!KP1#D EFG!",#54J !kUM,#4J EK-)#]6 p:,#D EFG",#I"JP1#4,P1

WO !!%I!!3#4P!!CS#ZB,;!!M,/-!!K ./J,;M G!!",#~!!0�#J-!!dX3#8!!*,#4,P!!1

DIN50162?M-<M;M;K#Z/ 3O#IKP1#D EFG",#4 %]18[.

#2#W-3BO#mC: <K?M-<M %REK#J/)3(#Z;*/3I;M-K .?!M-<M#/;!=#2/

#R.,/#B,#J kUM,#'()#P1#/-<=#2#4B,-3?M-<M %~1 !y3#?!G7 *#e p:,#4

;M;K#?G. "#] &#P*,2#>"-:#/J,;M G",.#;CA#2#$a&#Z sG"/# 1#g�"

;K#?G. "#2#IV,P�#?&#+-pH3#;X1#2 .#?!M-<M# !%J,P!A#J !a7#'!F:

;XG7PS .Z;�,B#~CA/#'V `3#,;G1,J,PA#B,#gL#2#Z;K#4PCS#ZB,;M,#4PCS

#fPM# 1#J a7#5P�`EC7#J/#?M-<M13C@I#P!G3/J,2#?!M-<M#P!1#?!qCA/#P!1

3I/-K .P!1#IN !<=,#2P!CM#;V#h<*^& 3#hC`q:#t ",#P1#'`EK#$X:

#[J,^S#Z;�,B#'V `33I-K/ .W,-!X=#?!1#?!M-<M#2/#D EFG",#8CsM C3

#[J,^S#I* (M#D EFG",K;.

()*+4-#W-`M )#?N/ o3#Y*,P�–l-&1#Z/ UG",#/J-3#4 %Q CNO]22-20[.

/,-3 A

 (MPa)

B

 (MPa)
C n m

i2\#4 3/
(K)

$MP&#fPM
 (s-1)

#RM-EX*,718 450 1700 017/0 65/0 13/0 1570 001/0

AISI H13 54/908 39/321 028/0 278/0 18/1 1760 1

HCJ3-[2J#/J,;M G",#t ",#P1#e p:,#IKP1#D EFG",#W-3BO#?M-<M#2DIN50162nN,-?M-<MW-3BOi-P�`EC7#W-3BO]18[.

_

1- Leo 440i SEM 

1`;
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HCJ4-ZPkXL#RM-EX*,#Q CNO#PL-"#e p:,#4J kUM,#4J EK-)718 -#/6-7H13.

2-3-&?8#"&L!?aSTE&b#/]^-I%;

#W,^C3#8CCo:#'()z{:CP2#lPG!a3#BP!3#42J#P1#J kUM,#B,#IK M#J a7

J !1# !1#BPE*2#IkX"#IGH"#^*J#W-3BO#5WO#w,P�,#~� X350J/#DP!S
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