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A Study on the Characteristics of Wire-Cut Electrical
Discharge Machining for STD-11 Alloy Steel and P-20
Tungsten Carbide Alloy

Jae Myeong Lee.* Seoung Jung Heo.** Won Il Kim***

ABSTRACT

From the experimental study of Wire-Cut Electric Discharge Machining of STD~11 alloy steel and
P-20 tungsten carbide. the characteristics such as hand drum form and discharge gap have been
observed and evaluated for various conditions. Hand drum form can be improved when gap voltage
and spark cycle become smaller. thickness become thinner. wire tension become larger and the no.
of cutting increases. When 60mm thickness tungsten carbide is cut in normal condition. hand drum
form becomes larger due to the low conductivity machining allowance becomes slightly larger when
peak discharge current and gap voltage become larger. or wire tension becomes smaller. Under the
same condition. machining allowance of tungsten carbide is larger than alloyed steel by 1/100mm.

Key Words : WEDM(&te]od 2 #h2718) . Hand Drum Form(E @4). Discharge Gap(##d7+3), WC-
Co(23 %), Duty Factor (324 A4)

.M E Aol #5 WY 7MF 5B 2AURY WaAR
SEEF BHste] F93 zHgsel Fg3ty stu gl

Zehe) A4 Aan 22 AAH s e o}, (1.2
a8 2 A FEe nUE spFo]l Zdded ot £3] gtolo]A (Wire cut) W71z 23537 4=
A& A7 42zt 714 heat 33 o gdstea Atolol| A whad A Arc¥d) & 9o, olwf Wt}
2 B AEES AgE)d ojz3ied A A v g 2 gEE olfdled FHES =M AE2A H

o AY ey a7 Al EEn)
O RA3HATUE A

ot ZdiE R 1A ek



G2 4l g ehslz) A3 A1z (19968 14)

Up oo spolo] =i 4l Apojofe w2 b o
Fgsie] . dbd Fee]
2t} o] g 93l 33}
F& ZhHoz fg5lo] HH W

=& A

s

B

e

2ot @4 28 AR MY dol 4§y
2 Qe ¥F 72 STD1ET Wiiad 2393
P-20% BAeR HAIF AGE LA sl

3]
3 B4 vlAE 9%e vRdesd nvE 13y
£ nEdY HEE @ 4 Uk 449 2a%
2e W 24g w0

] of WiHAF &

F9 @gozA U0 A%t A HE Aoz o

2 990 98 Roleh,

D sfolol= 713 Zo At sol=e A5} WA
@ %

¢ bt wEd WEstEE 3w F4

Boh Atdor g7 giEd FEF Kol WAt
A Hol Yol AXA ot

@ 2ag9 FURAM WEHE FFHA 3t 2
ZkAo] walslo] Bdago] dojdtd

WA 7+ (Discharge gap)e Fig. 13 #o] waA
MAL 223 wbd Al 2AEe] &gFdo] VAF ¢
of ol nAtatel s = HEae] Zgojrt ol &
o2y FHpH AR BU 54 Bt 47y

| Fue MET 0, & BEY o EAE £ 9
i

- Kw(r’” s Ip)(]vS (1)

714, Ps A Aol 24 48 (dyne/or)

€ PR R RS A
N R
Ton : A AL (us)
Ip @ #Hd v AF (A)olth
3 WA b Holote] BAAE AASH F
WA e shgel e ) TN wE
¥ b2 Q3 23 od) SdE o
Zo wlAzZb2 S 02 S AT Y dol tope] &
F2M tg3 Zo] EAEU. ©®

o= 6,,(1 + exp%)

=K, (T 'IF)“*'(l + exp;x(i> )

A7\ a o o Aol

1) A8 717

2 AEo A ALE dholojA HAVMFIIE dE
BROTHER(F)9 HS-35071F2. 24 717 ¥4 160
x260mm, Ht} gol& °l% £% 300mm/min. %
olo] A ol4 &% 20~120mm/sec, AHE Shojol A
o] B2 0.1~0.3mm oy 7tF AYLe EFA A
B #3x 32 daoz #Ho dd AF Ipe 7.3~
200A Atole) 109HAIR do} dow HRIF ALY B
A Vg = 40~80Volth

w3k v F7)e] 23L& Fig. 29 & Digital
storage oscilloscope(Tektronix 2230, 100m) %}
Tektronix HC100 color plotterg A&t 4ict.

~— Discharge gap

, ; Wire electrode
/,,///'/,g K 7 offset amount

- Kerf width

\—Wire eletrode radius

— Wire eletrode
— Workpiece

Fig. 1 Discharge gap in wire-cut EDM



oldw - &g - 719l

AlgHel 7hge 20mm. 40mm. 60mme T
TR 238FE Fig. 33 2ol 7tz A2 247 Smm
o ¥RPor AT Ay 23S lwA) 23
Tt ‘ﬂ‘ﬂ‘/“ﬂﬂwiifﬂﬂ% ol &t} A3ak 370
2o AeE FYsGon o, 2Peds +4~
Hum BE Aoy B A¥dME 2849 AVE
0.0lmm 992 Jepigenz FAskgT

2 Overall view of storage oscilloscope (Tek-
tronix 2230

ig.

2) 48 Mz
2 g3l

g}

=]

AeE A5 FA 20mm. 40mm.
FEFETD-11)3 2AEE(P-200¢
100mme] 3oz 71gsidon,

NAE AL Table 1. 2. 3

A%l 44 solo] 1
o7 olg 3grA
YERRLE

< AE 0. 25me

v 3
RV
AR AF H4EE

Omm/sec. 480g,
o Fage] st
Atstgdon A
28+ 1 C%E
Betgen 3
42~134A,
E /H]—] 0}011

}m‘ol_\_gﬂ

N
_O’_l"
R
y o o
ro
by 7o r{r:

_‘

ol
N

v 2ol

o
End
AL

r\&QH
= =
£

o
:

o 2
4o 2

e
N
N
-~
(@]
(a4
{
-3
(23
(‘

L oL B Ho

>
fw ol
I lo
f
~
ol
ﬂ()_\_‘
2
o T

P Vg, #Hd ®d AR
teEg FA g4 7t

£l mA

2

T

Table 1 Chemical composition and mechanical prop-
erties of alloyed steel(STD-11)
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Table 2 Chemical composition of tungsten car-
bide{P-20) (%)
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Table 3 Mechanical properties of tungsten car-

bide (P-20)
Rockwell hardness(Ha) w5
Bending strength (kgv/n) 240
| Compressive strength(kgy/m) 480 !

Young s 'nodulus(kgn/nzr)

B | Thermal expansion coefficient! % 107/T) 6.0

Heat cunducmvnv (cal ’cm ‘C : wc)

Table 4 Chemical composition and mechanical
properties of wire electrode
Chermical compcsition(%) '\Aenhamcal Propertics
. o UL VT Tensie | Tiong ation
) Cu Sn Fe D ‘slreu kg '
83.04 002 1 005 | 1 . 2




D‘L—r} H u\ ,\lﬁ‘-;&

1 A137 A1E (199603 1€)

5

™ rjﬂ_u
Bom =

S ] —1 1

|
(20,40,60)

Fig. 3 Dimensions of workpiece

Fig. 4014 X9 &
A5 A &

23] 3l
A-BY ez

1-}711 °‘01‘4° & —’F itk
Fig. 6& SAd w2 S840z SA7 S48 3
& spangl A7} Dol gfoloje] FgFol v A3
An g F3b FEAA 2aAe] Aoy B8
of AA3] Frsh= Ao AztEY
A 20mm. 40mmollMde FEF
aA Fgag oy £ 60mmolXE
o) B@do] AA LA olAL 3
ojutAzt g doiME B4 ArzAAA
ol whsl Bladlo] g8 FFiE & E"‘?‘i
Fgolt FENVold) & “L"g*l
“11 ’/HOVM‘% o} 4n o] %1

o]

el Rl

TL

doz 274
2733

dl

c

“‘i
Ull
To
©
>
>
oo
)

é}% 2 4

SN

Thickness (20,40,60
k_

Fig.4 Sguare column

©.04 ——

[Ip : 904 |
l icknss ! 40mm
| Spark cycle | 20xs
co990 STD11
weeee P20

063

Variation of hand drum form {(mm)

0.02 b
)
| /
A
,’2/ //
oot b O//q/ /
o——w——v/ i
E
i
; L | e j
00055 £ L [ 76 75 £}

Gap voltage, Vg(V)

e

Fig. Relationship between hand drum form and

gap voltage

Pol whays)7) wf Rolgty §zhgic)

47} rgo| AV s BEAAE dAsA 2ol

Ae 2 5 Uz, F4 200mme FEFTFAY 274
‘o

d

FEe 2dde ek 38 oage & F sl
Y FAol delde gFFEAed viE 22T
¥ Bl AEgE ¢ U

Fig. 82 sjojole] Feel w2 & ‘94 HalE o
Bl Ao slojo] o] o



oA - HAAF - HHH
el §14g @ & Ur # 4de) zAslH sholo]
. 2R A2 58S ) e etk ¥
: oo WEs 34 A% BEshe we Weld 23 e
- H £
os Sparic eyele 20, f 2 3% shreleie Aol weyetn Azey
z seoes STD1I i
-’ reese P20 ‘;
Zonr 2) 9H X7t YHZIF ol FE
7 | Fig. 104 £A® uheh o] #a7+3 (Discharge
3 o gap)e (7FEFE-solo} A1F) /27F "yl golofF
0.0z -
- :
2 ;
; 1 0,040 v oo
5001 ;
= i
? (lp o ooa
! { Thickness @ 40mm |
. B tVg @ 65V |
800 55 36 ET R 30T e 70 0.000 - [ Spark cycle : 20us |
Workpiece thickness {mm) 966000 STD1 1
saves P20

Fig. 6 Relationship between hand drum form and
workpiece thickness
o.08 ¢ -
T Tp 1 woa 'ﬁmﬁ!
2 : ! o 88y !
Rl : i Wire tension : 480 g
o004 - "G6665 STD11 Thickness : 60mm
= ! oee8a STDI1 Thickness | 40mm
5 ! antan STDLL Thickness © 20mm
- ewsws P20 Thickness | 20mm
,E_ 0.03 ///
.E \~\9——__‘m_e'/‘a
E 2.02 p 2N
g N ’
E ~
; 0.0t
P
B
e — O
B I S
0.0 & % £ % 30 3
Spark cycle, T (us)}
Fig. 7 Relationship between hand drum form and

spark cycle

o} olRAE gfolole] Eol| ofsle] WZol Az]7]
®olth, Fdo] F7EFE HHAL Fopxi} glofo]
Aol 57} H9)At}

S@3E 2o 4F 2% 7129 b 2UE uw
H Ae] Table 5ot}

26

0.020

‘\ o\\
%0010 \9,._
S —— S

Variation of hand drum form {mm)

| T S : L
000055 100 406 500

Wire tension (g)

Fig. 8 Relationship between hand drum form and
wire tension

¢.020

0.015 |-

0.010 | N

9005 [-

Variation of hand drum form (mm)
,/

H 3
No. of cutting

Fig. 9 Relationship between hand drum form and
No. of cutting



st A w3 ek sl 2] A 137 A1 S (1996 1)

fable 5 Cutting conditions 0080 et
o of cmu';m , L le . 20
Corting “;‘e«iﬁn/mm‘ { ) (15 } l ‘ﬁgark 5‘?\'0 € "
& [ o.o‘roL 0eoeo STD11 Thickness @ 60mm
P 1 aeeas STD1! Thickness . 40mm
R - #sstt STD11 Thickness @ 20mm
P é ! sewss P20 Thickness @ 20mm
PR
v —
‘fw 3 R a_o,oooL
ER LY §! g ;
ny g i
oReuC ey s gen) : ] :
TN ‘ T - fw)omr
plece thickaess xa) i _*3‘3 L a i
YAk temnpeature (7 i =3 i
|
0.040
HAHIEVIE ol 8% 2HY SpelA e ASd 3 J
Wed 9e FE ARTAE A 2 #AIW |
{ Il x
9 o R} 2y 2 HAAEX ylzd oo 0.030,5 36 70 0 36
R A E R I E Fee dEEs Peak discharge current Ip (4)
oie] 7Ra)7h sl
Hl 27 S0l Aol A 3] KN Fig 10 Relationship between discharge gap and
A 270 HHo M2 ZAHAL 9 245 g S P p p "
. . eak discharge current under various work-
= 32 A2 A} wlzrleko 2 ot & p. s
= A FUEE 7] A8A ey nH#Hof & piece thickness.
= o) HEgAoaH g 276 H geht 4
Al ANE 21“7}"*] uet 74 A AUzt 2 oo !

{’) © 90a
me u o g . 65V
= 070 " Tension : 480g,

ol ‘é‘ i 96600 STDI1 Thickness : 60mm
i a@960 STD11 Thickness @ 40mm {
tha AR Ho B A/ Fotel wasto] WAzt £ 4es=+ SID11 Thickness : 20mm
20| 2rbee 2 4 Yk g
Fig. 11& FAE 2 F719 Wzl wa P37t &
3% Uehd oz WA F06 Aol AY L4s £ oo
@~

A #AEE HodFy 3374 20mm. 40mm,
60mm. 24%F 20mm LF EEY 2o /HEdd

A4 WAZIL 4/100~5/100mm He el Tag e
< ¢ F o Ze 29 A gIFFFL RO 2 _
Agael BR0F 1/100mm AE & 2, e T
Fig. 12& SA2A%e sl w2 $atse
UEh Aos wA27bacte] RolasE ulishA W Fig. 11 Relationship between discharge gap and
Aol AekdE ¥ 4 Ut spark cvee
Fig. 13& shold] #dol Mg Hog Aol 57 MAE Ges vl tgd ¢e AR A% £
G52 AT e Aopzinz o] HHE ¥ el Skl
Adz 482 aA de o] vigAsig @ B4 dASzdgE B 207 2, A4
7b gkm, gfeloj Aol Av J1F AFE wWo] EFE
b 8 B Zol e},
@ F4A 60mme 2AFTES BEY 270 7}
sfolojfl HATtEAA FFFFEA 2AEEE o 3tel As Fgo] s Ao FWES} L2850 =
oz e shx whaA olzyh BEA 2 ubH k2o Al ehgl Bladlo] getso] BHYe] AR A

b



ol -

Q08U ;-

i H& 90A i
0.070 - ickness : 40mm |

| Tension : 480g |
Spark cycle : éO»sj

cesed STD1}
*seee P20

;/f:__e

. L I AL S|
003045 55 ] (3 6 76 0

Gap voltage, Vg(V)

M.

Discherge gap {(mm)
2
2

o
2
o
B

Fig. 12 Relationship between discharge gap and gap

voltage
0.080 ¢
fp : 90A
ickness . 40mm

0.070 - g : 85V
. Spark cycle : 20us
E eoeee STDI I
& s+ P20
2,0.060
o
s
[
b
o
-5 o080 .m0
A3
= . \

0.040 -

Y S TN R
003855 W5 500 0 T 1260 400

Wire tension (g)

Fig. 13 Relationship between discharge gap and
wire tension

28

10.

11.

BALTE 4/100 ~ 5/100mm 35|

22 2o BS $FTFAEG 22T A
m

Tyl xvye=T VY, KEAKH,
MIOEHEERELEM
No.3, pp.60~64, 1993.
A TWENTHOBE L. B, HE LY
3. 6. pp.40~44, 1991.

BHEE R R CWERLIEDOWKE S
1", KETLE%. 6. pp.13~16. 1991,

A THE
B, Vol.20

A ITHAER HHE B 74 YIENTEC
LABRBENT, 7vaHM, Vol.22 No.7.

pp.64~68. 1984,

Brother Industries, LTD: Wire E.D.M
HS-350 Instruction Manual. pp.9~24.
1989.

AT, WAL, HBAF, p.79. 110, 1992.
R E RENTY BN BE. BEEBE 1
%8 p.90~91, 1990.

BHERE, "WENLT sn=x4",
Vol.29 No.10, pp.17~26. 1963.
B. M. Schumacher. “EDM Technology for
Precise Workpieces with Excellent Surface
Quality”. Ann. ISEM-7, p.126. 1983.
AR5 H/E OREML, #EHER p.292.
1992.

Tadao Tsutsui. “Study on the Electric
Discharge Grinding (2nd Report). -on
the Electric Discharge Power-". JSPE.
Vol.30 No.3. pp.259~265, 1964.

FER M.



