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Design Evaluation of WEDM Based on
Deformation Analyses and Axiomatic Design

Hyungyil Lee, Sangwoo Woo, Joowon Kim and Choongyeon Kim
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Abstract

Recent industrial requirements for highly precise shape processing have brought the electric discharge
machining (EDM) in great need. High precision in EDM is primarily achieved by high performance

controllers. However there exists

inherent precision

loss due to structural deformation. On this

background, we study structural deformation characteristics of wire cut EDM via finite element (FE)
analysis and axiomatic design. Two different wire cut EDMs are selected as analysis models. 3D CAD
package I-Deas is first used to construct FE models of wire cut EDMs, and then ABAQUS FE code is
used for following structural analysis. Pertinency of FE mesh refinement is discussed in terms of 7 -factor.
It is shown that performance accuracy of EDM depends strongly on the structural characteristics.
Some design enhancements are suggested in an axiomatic design point of view. Finally we provide
weight and temperature induced displacement discrepancies between wire end points as position

functions of each subframe.

gl
IS
ol s
= &
o &
3
i
oft

I

N
5
il

2R
oS

to
-
AT 2

N
-

Biooff ot
o2
o,
oH i 17 ox

. O
(W~

i
o 12
Y

o (i

32
°

I

td

71E

49

ol

e
o &

:

3L

A F e 3},
k Azt 24
P Hoiur

ol
i 2

19 of
SQ,(w
P
WL o
N
)

-

)

f oo kol

DX2 o B i jo XN R
!
%F

;1
2

£ 0]

fstal

3e)

A3 Q)

e o)A 0]

HLZ% AV

Lot

L

an

+ 59 Mgoete 7)) 3es

E-mail : hylee@ccs.sogang.ac.kr

TEL : (02) 705-8636 FAX : (02) 712-0799
= Azdietu 71A E et giekd

e () 19747

-572-

2
2)

H1

el
CRER
SERICEIR
B et
olel e

7
e xﬂ

)

Lo ook o 2 gl B
~

iy N B
ol
M T -

>
e

2

7k 719

AR

7} A
7]

N
ad

55

/(
e
7 o

N
U

'
T

Al
E] i+
‘J

=)

B

ol L flr ok
H
st}

al
EQ_

)
2

¢
h

BN

rE

al

©
i 4*7‘
oi‘,

-

M ‘%

N

ol
S
R

2 b0 of & o 2 od

)

A ¥kl
2. 2fo|of YMItET[e] 7EtR
9}0'01 uLX17|.17| St
Jo] Wd7bw719 :rLEE T 7

4 A s FrEE Ho I‘ﬂ
A EHE (saddle bed), NE (saddle),
(column base), Z3 (column), = (head) 50| U

(Fig. 1) o]&& 7149 7872 A 7 AT
UE-EE AR, Hols 2+
B3 (work tank)9} I 7HEE Fol
e ASHE dAFo AR

2.1
oo
Rlass

© (table bed).
B o)

[

w =0} A R-ol =
xo)A =

24



column

rwa>

C

2}

7\2A Fz7h ol oA Fig. 1914

LT
por

gfolo] PE3s} wao] sfololr}

L.
L

of

‘ér (r)

column base

)
o
oo

N
N

right side

saddle bed

Iy

saddle

lowarm
front (f)

\

left side (1)

=
-

b

9] A
| A ot

=

DEAS®ol

4

o 7
s

ol
AA
Z

|

60A ]
3} 7

g2 ¥lof

#]
CAD

~
3

35A2F Jw-

AFCko} Table 19

=3

Jw-
dES

el
=

|
(exporting) -

NiT

)T
Fig. 1 Finite element model of

bottom (b
JW-35A wire cut EDM

table bed

1985

3D20° 2074 3349

C

53t

[9]

Ahg

=
& 8

=

TIE®

L

-

i

JW-35A¢]

=7

T%%

lmp ®

ii¥

4

= Q

JW-60A2)

ki3

&

Tl

<

2

—_

Al
10,0007H,

kef=

ight side (r)

Fig. 2 Finite element model of
JW-60A wire cut EDM

bottom (b)T

-573-

Loading
position
Weight of
work piece &
work tank
(B)
Joint of
wire-feeder
& head
(€, D)
Distributed
load
(whole body)
Whole body
Bottom face of
table bed &
saddle bed
(A)

850 kgf
(35A)
2,250 kef
(60A)
20%3 kef
g
9.81 m/s’
20°C
clamp

20C)207C

Table 1 Boundary conditions for FE analysis

load
body

Table
Constraint |clamp|clamp

Weight of
of body

Wire feeder
Temperature
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Table 2 Displacement difference of
JW-35A (unit : zm) Weight Only

Table 3 Displacement difference of

JW-35A (unit : zm) Temp (207C) Only

Position S e S 4y [ Sy 8 Position 0 & by S e Oy é
I. n-n-n 0 0 0 0 0 1. n-n-n 0 0 0 0 0
2. r-n-n -5.6? 34 | -154 { 6.6 16.7 2. rn-n | -48 6.5 T16.2 8.1 18.1
3. nr-n | -03 3.3 | -12.7 33 13.1 3. nr-n | 4.1 6.3 9.8 7.5 12.3
4 n-fn | -04 49 |-147 | 49 15.5 4. n-fn | 42 73 | 145 8.4 16.8
5. n-nt | -03 45 |-169 | 45 17.5 5. n-n-t | -44 68 | 197 8.1 213
6. n-n-b | -04 34 1 -17.1 34 17.4 6. n-n-b | -4.3 93 | 202 | 10.2 22.6
7. nrt | 04 3.7 | -117 37 12.3 7. n-r-t -4.5 6.5 7.5 79 10.9
8 nft | -04 55 |-237 5.5 24.3 8. n-f-t -4.3 73 | 256 85 26.9
9. 11t -4.1 3.1 ) -10.1 5.1 113 9. rrt -4.6 6.4 | 137 7.9 15.8
10. r-f-t | -8.1 45 |-199 9.3 21.9 10. r-f-t | -6.3 7.0 | 267 94 | 283
11. r-f-b | -6.6 3.7 |-19.9 7.6 21.3 1. r-f-b | -5.6 6.7 | 268 8.7 28.2
12. r-r-b | -33 2.6 |-10.1 42 10.9 12. rr-b | 43 62 | 215 7.5 22.7
Table 4 Displacement difference of Table 5 Displacement difference of
JW-60A (unit : zm) Weight Only JW-60A (unit : xm) Temp (207C) Only
Position 8 Sy 84 sy ) Position | 0 S oy 0 pz Oy )
1. n-n-n 0 0 0 0 0 l. n-n-n 0 0 0 0 0
2. -n-n | 05 1.3 6.3 1.4 6.5 2. l-n-n 3.7 1.0 | -12.0 3.8 12.6
3.rn-n | 02 1.9 6.3 1.9 6.6 3. r-n-n 1.7 04 | -12.0 1.7 12.1
4. n-fn 0 0 -0.4 0 0.4 4. n-f-n 0 0 0.7 0 0.7
5. n-r-n 0 -7.3 -1.3 7.3 7.4 5.nr-n | 03 -5.9 1.4 5.9 6.1
6. nnt | 1.2 -1.7 16.0 2.1 16.1 6. n-n-t | 9.9 -1.3 | =202 | 100 | 225
7.nnb | 12 -0.6 159 13 | 159 7. nnb | 9.6 -0.5 | -30.0 9.6 | 315
g It | -03 48 9.4 48 |10.6 8. 1-f-t -2.8 40 | -17.8 49 18.5
9. I-fb 1.2 1 -3.0 152 32 | 155 9. I-f-b 9.7 24 | -28.8 9.9 | 305
10. I-r-t 1.2 7.1 13.9 72 {157 10. lr-t | 103 47 {-263 | 11.3 | 286
1. l-r-b 1.3 0.6 19.5 1.4 |19.6 11. I-r-b | 10.7 0.6 | -36.9 | 10.7 | 384
12. r-f-t 0.9 9.4 16.6 9.4 | 19.1 12. r-f-t 7.1 2.5 ] -314 7.5 | 323
13. r-f-b 1.0 -4.2 16.2 43 16.8 13. r-f-b 7.8 3.4 | 2306 85 | 318
14. r-r-t 1.1 6.4 13.6 6.5 |15.1 14, rr-t 8.7 52 | -25.8 | 10.1 27.7
15. r-r-b | 1.0 -6.4 | 47 65 |16.1 15. r-r-b 82 5.1 ] -17.8 9.7 | 203
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E‘ Original 35A

09t

Displacement Error (xm)

8 (i =x, y, xy) at n-n-n (weight only)

(a) One piece bed vs original

1.5
(-] Original 60A

Without-wing 60A

12+

09}

0.6+

Displacement Error ( um)

03+

0.0

0,

A%l

)

v

8 (i=x. y, xy) at n-n-n (weight only)

(b) Without-wing vs original

Fig. 3 Comparison of &, between original
model and modified model
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Table 6 Regression coefficients for JW-35A

(Weight Only)

Table 7 Regression coefficients for JW-60A
(Weight Only)

8, s, 8, 8, Sy 5.
03 45 -16.9 cl 12 1.7 16.0
-6.1 3.8 -15.0 ch 1.7 -7.7 43
0.1 0.8 52 4 -1.8 0.6 3.4
-1.6 4.6 172 cé 02 0.6 0.8

0 0 0 ct, 0 0 0
-5.6 3.4 -15.4 cl -0.5 -1.3 6.3
0.3 33 12.7 c?, 0 7.3 04
127 4.0 2.7 cl, -1.6 86 | -39
04 34 -17.1 cY 1.2 -0.6 15.9
4.6 0.3 2.1 Cl -0.1 0.6 -15

0 43 257 c -0.1 3.0 -0.2
-6 | 37 33 c -0.1 | -2 1.9

o2l @

&
Falsh olelst BAE 4t 9siA

7t 25 i #ola, N

Fawr, ch. k=0, D= UAAF

FHelo] vl SR

(Response Surface Methods) 7ol 7] 2 38}o] f X
sHiTh SEETNHS o W o) AFE

wdga 2o FE35A4 AlEHE
EAAl Wdoltl ofr|As z} W
F 3] 7)o &)Fst= 5 bilinear T Y

s BT Advkd (6)8 1A

*]

8;= Cl4+ Clx+ Ciy+ Clay (5)
8;=8,;N, (6)
(i=x,v,2) ; (=fbn)
N,=z(2+1)/2

N,=(z+1)(1—2)
N,=2(z—1)/2
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Table 8 Regression coefficients for JW-35A

Table 9 Regression coefficients for JW-60A

(Temperature only : 207C) (Temperature only : 20°C)
o 8y 8. 0 3, S.
ct, -11 1.8 39.7 c’, 9.9 -1.3 -30.2
ch -4.6 3.9 4.5 cl 6.2 -5.6 82
c? 3.3 0.3 -122 c? 1.7 2.0 5.6
(o 0.8 0.8 0.7 c? -12 24 14
ch, 0 0 0 cl, 0 0 0
cl, -1.8 1.5 36.2 cl, 3.7 1.0 12.0
ci -1 1.3 29.8 c?, 0 0 0.7
ci, 22 -1.6 -40.3 cé, -12.1 -1 332
cl -13 13 40.2 cly 9.6 0.5 -30.0
C -0.7 3 -6.1 C -0.6 0.4 28
c% 3.1 0.2 -8.1 c% 08 2.4 0.4
5 3.8 -0.1 -4.5 C -0.4 -0.9 3.8
AAS Hola F wdlel fagisA Ang (6) Cook, R. D., 1995, Finite Element Modeling for
A% By 29 AAE AZdln ¥y Stress Analysis, John Wiley & Sons. Inc.,
AZAg FEsth B A4E B =8 Wy Chapter 5, pp. 141~144.
AEA (5)-6) Fele) A2EL ww WAy (7) Wiberg, N. E. and Abdulwahab, F.. 1997,
WRbohe} oleh fAatek Aele] FATAE HE “Error Estimation with Postprocessed Finite Element
o Qs ZHojth Solutions,” Computers and Structures. Vol. 64
No. 1, pp. 113~137.
ENIE=N | (8) Zienkiewicz, O. C. and Zhu, J. Z., 1973, A
Simple Error Estimator and Adaptive Procedure
(1) 2% Qed QA@ Hey) FEW 1998, for Practical Engiqeering Analysis.” International .
DAL o] LH PlATYIFTN 1EE Journal of Numerical Method Engineering. Vol. 6.
S49 mad geslAse 4u R aAsere PO
SE7ds) 224, pp. 14-17. (9) Suh, N. P, 1990, The Principles of Design.
Q) Ratet, Awa EEJ 1997, w4 & P Chapters 2~3, Oxford University Press, NY.
eg olH uEsbEs)e] AR smAuEsts) (10) Suh, N. P, 1995 “Axiomatic Design of
=AU s =23, pp. 1075-1079. Mechanical Systems,” Journal of Biomechanical
() AT, Bk 1998 “%Ha oA AlE ol Engineering, Transactions of ASME, Vol. 117 (B).
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