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A study on the Thermal Stress Distribution for Wire Electircal Discharge
by Finite Element Method
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ABSTRACT

The Purpose of this study is to know temperature and thermal stress distribution in specimens during processing
of WEDM. If it is constant to the cutting speed and the thickness of material, it is very important to the effect of
temperature and the thermal stress distribution after cutting processing. This paper show the analysis result of the
distribution of temperature and the residual stress along the direction of thickness before processing of WEDM and
after when the cooling temperature is 20 C. The maximum temperature of edge of specimens is 1600°C. It has little
temperature gradient in the depth which is 5mm away from edge of specimens. Equivalent residual stress is result in
180.7 MPa at maximum temperature.

Key Words : Residual stress(%58-8), Cooling Temperature(%d 3} & 2 %), WEDM(Stolo] WA 71F), Equivalen
stress(5 712 8), Temperature gradient(2% THl)

1. MB FA goloj] 3gry d&o] 7HEAdel lilE LR

l 3 7P, ZNGuo'e gtolofol]l =FHAF

HZ gtojo] WAIIEY 4 = U £ Jtsldle we wHsEAdE, WJHsue"’“ &}ol
o, A e FENIY) A BdeR B8 o WA 743A IUEEY s1Fo) YT 7)EEH
#Bo| HE HFZUEY FFE Y, A, #Ao] thaled A5G W. Dekeyser't H7|W
olE Qe YL oleHoZ WHS T‘f%'fs& , Aoz G Fo %1%4_ glojoj o} =¥ ANk
A2 713 2AE ANSAE R o w2t Z o] thsl, I.T. Huang®t Stolo} Wa 7+ A W
4 @A Boh & Folof wHEE A dulee] 8o g AEo] Ak FuhlA

Bj21%] sholo} A7}E 712l holo] F2A o]

]

ste] 1ALl ETne AR AL B S
]

i Q= Aot HA HE2d AR e & of g A7E, ZAEPL CAD/CAMEOO] A
AE HAs7) AT AT PRAZ) BE I E A3 T FUA Rl B AFE WO o)y
AL 3F3 24Pt Ao ol tiFE 53 HrazhEe) bEAR FEE AT ol TR HY
BHzAGNY 7HF 28 AA BY A7 =T FbEo] dE A7E ofF wFE Aotk uphA

sojgith. o]o] thE @AFZ JAFreeman"#} R 2 AP ME ojg dF =& ENR FEMS
Vaidynathan?o] A@3 Qd7& Est WHE4T o] g3te] WHF A WAF 2EE 20TE UA3}
< Edste sARAY s|2E AFEAUR, T A & F, 9AFAY ABAEGEx1330E IBE
A

Masuzawa?2 &3 AHE EZHE i Z(20mm*min)E 7FFA SAEE deo BExe 7t
7t o] #e AT E 5 ¢ 5 Uk golo) WA 23 velvds 5889 okg AP ¥ W
7t3o thd AT 2 JProhaszka’E Sholo] WA 7 T Ag 3 BHoR 33 g



2. REles nya

2 =gdA 43 94 E ojR FHFY &
X o AL 94 22X BE A& 3l HA =2
doj 288 2X0|2(Temperature history)2 Y4
22 WNae] 1 4 AHTREY dL L% B
g ugoz 453 9 dYE F3te 294 Y
HAHO 2 o] AL APEAh AN FEa
AR ol g3le] Fo|A Wire Cutting 2AH, 2%
Wale] we A5e EHXA(EZRAF, GHEE,
FESHE nstd WA 2= £X Aoz RE
FAoE FH9) 2% EXE Jojdl )& g3 os
st wAstE 58 2 AHE Aidsls ©A=R
A AWHE Fth A4S UNIX. Workstation(RS
6000, IBMADA dsiglon, fiast HAE
+33}7] 2% ModelingE MARCY A& Preprocess
9l Mentat330(MSC, uwj=)ollA  715tetd Y
(Geometry)®} S A (Element) B4 2 Element TypeS
ARG =T 4714 dL ZHE A4 Codedd
MARC(Ver 7.3, MSC, U]3)& o] &8 dH& 3
ik 2788 A Al 143 € U(Heat source)
o] Aol glojA do B gofolo ol7 A
g me pHHoz wAITtn A MY
HA(Line source)22 A Y5t} A HAR A
o2 @o] $EHA JdLH= RALR k. EF
Ao JoiME FAF BFl A 4AT BP &
ZHAEA ZE 2QQE JHAR UL F Yoy &Y
Al B33 Memory &30l 314 Azt £& Zots|
A oolad aEe AFEA M. 2As
A0 2RE wire cuttingdl] 28 YEo] AFHE
oA FH3 4§, HEF BZe BHE AXA &
th o] BeS #iM3t7] A3t 8-FH(node) R 4EF
A28 3, Mg AFHoR 3ly] Hale dd9
ZAHAME 24 e 277l & HE 7l
224 A7E AT YA FolAEe RO
#E AA 83

3. TN A

3.1 dHe £=4(35

AAG )X (Heat Transfer Analysis)A] 2%o] o
8 Wststs A8 @ AL SAERZAS, €4
=, 5T FY FUEAA L diFol 93 F &
AFE Fas 2y o TFAA A3 &
g B WY aAe, ol dojdl % M9 Axt
E AAste] S8 &4 Al 2 2% BX o] & 9o
A1 ARE-EH T 32k B) 5% (anisotropic) A 2ol A]
e FAHAE ndd 1A ohea 2ok

0 (, 0T 2 ¢, 2T 0 ¢, OT
ax(kax)+3y(k ay)+az(k az)

aT
tQ=pc 0 (M
7] A,
T : Temperature, t : Time
k : Heat conduction coefficient

Qi : Internal heat generation rate per unit volum
p : Density, ¢p : Specific heat

o] A& Zy] 8| 7] ZZ(Initial Condition)
I BAAZPE &3t BY, A3to] 0A Aol
A 2E EXE 0w o] Yyehd £ ok

T(z,,20 = To(x,y,2) - 2

47NN T, & %7 eelch

Wire cutting®] Z-¢ 3 71FES 7183 24
= Joule Heat$} Dischargeso] 23 2%xo|nf HZE
wire 2= G@AG AF hd 2 gL wr=rph
BAAZBL wire 718 F AR AAAA s E
TG HEe HAL oS3t go] veRd 5 U

B =a e ©)
T
k9L —n(r,-1) @
o 71A,
q Uniformly distributed Heat input
n Outer normal vector to the boundary
h : Heat convection coefficient
Tw : Cooling temperature, T : Surface temperature

Wire 7}FoiAle] @ FF YU (Heat source)?l Wire
9o 2EE Ay it AL 1A Aoz el
ol B3 o2 o

d*T(x)  dT(x) _ kL - _4a
axl M ax T ks TA=— 50
q71A,
= PGV, . Wire Windi ,
m= % , V, : Wire Winding Velocity

3.2 RS9 7|2 AL
AFSHL 98 Smain ¥ T lRAe o
=3 Zo] Yetd 4 ok ol AA Strain F&
Elastic Strain, Plastic Strain 222} 31, Thermal Strain<)
oz viehd 4 ok
€4 = Eii+ €z+ EZI

of 71 A, € : Total Strain, e‘fj : Elastic Strain

sfj- : Plastic Strain, ez’ : Thermal Strain

-211 -



o] 2] % Elestic Strain %<& Hook's Law o &
£ 7AW

E‘Z,': lguaﬁ—%du' 80 -------- (7)
o7lM, 8, : Kronecker symbol

v : Poisson’s ratio, E : Young's modulus
9} Zo] Yeld 4 925, Thermal strain -2
B 43 gol Yehd 4 Uk
eh=ao(T-T,)
T3 Plastic Strain F¥& &3 o] vehd <
1k

8 A &M A Y59, &
= EX #Y gA9 38 / A9 &4 a4, 2y
2 ZA7tel A 8 AR g £ U AEY
718134 FAH(Geometry)S & Hgoz AR
+ Qo At Computer W22 &%, 18xn
AHEE 3 5x1330mm)E AAF AT
o] 24L& #HM3Er] Y} QA (Blemen)= AH
(node)o] 870} Quads S84 F AH3le] MeshES o
E9ed, &r EX ML 3 AAxd
(Boundary Condition)2 1% 1°] YEpd R} o
Y-Z HAY 3 X-symmetric® X-Y HH g
Z-symmetric 270& 43 th Figdl AT Wireol
A uage de 2dd AER BAZRAE Uy
A 2o Ry v.502 FU&HA ol 7tsizlctn
73 Ed AL A7 AP 2x oY
(history)= MARC &3 <(Output File)3! dat file
o AFso glen ade 2ISEEHIMTL
AL 20T2 LS & F AR JAFsEs F
g, 4 &2 veldn ok AL Coupled
Analysis Optiong AH&3t3 1, 718 Fo ¥4F &
=7t 3t FIrEt AT FhEo] M4 & 4FE
FA ¥ Aoz wogd 4 ARz AS
W HRLE: o 2041Colm HA LEE o
204T2A & 2E7Hle e Aoz eiwoh
Fig2E %ol & 2Ad Fo| Azl T4 W
02 Mado] A WA BXdh= 25 Y MEE
veliich sjMgel e 2ol Ze] F JHEE
o] Ackd WL oF 1630T7HA 2571 AsHz ¢
OE RE ¢ F Atk AT ddFd g
3 &5 &4o] BAEHY o smmo|do] HE
ex W37t gl Aow wud,

I RN
54
7

9

O

Fig.2. Path plot of temperature

Fig. 2914 Wireoll 2j3] ASEH 2EE 2%
E¥xg ¥d ¥@9 Hd & 1,632C0)H, olF
343 #Aadtd o smmoldo]l HY 20TE AF
2= Fuizt e HE B 4 Uk Figd2 Wire
cutting ¥ UEbd 2z et FF 2 H(Stress) £
Tolth AAZANAN TAHE $HEL 1H =
Ad 9 oxHemEtn B4 YorBz FAEI
S8 2 (Component 11 of Stress) FFEZ A=
BEHY A% AASHol &F 2152 MPa AEZ A
9} wlolale, y Wkoz % Smm ZoldlAd Hu
5MPa AE9 4F5Hol BAEE ¢ F Uk Sy
2] 42 (Component 22 of Stress)2} 3¢ AAHo=Z
2 #5499 g4L & glen ¢ 7MPa W99
A&} &S HPol ¥ 3n Y= AL B4 Aok
E 5,9 S #(Component 33 of Stress)e) B$E Su
o A9 ZE XA o aMPao] AFTHI 4=
+3o] RS ¢ 4 Ut Fig 4oX= HE F
FEE ALE FF AlA E4AY g 57 ARS
g 571 Saing Bl F1 glew, Fig 5AE
ol Yehd 57t $HMEE 2T 2 JERRALH
Mo AA2A 71 £ Hd e o 1807
MPa AE S0 AFse HeE AUHNLH,
o] 73] A3l
[o]

Ao
Zol WHoR EO 24T 39
H
=

= A [e]
A F RS

=]
L

-212 -



H
i

phiiin

— -

Sz

Fig3. Components of Stress After cooling
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