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Study on Formation of High-performance Metal Mold Surface by EDM with Hybrid
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This study found firstly that a hard surface layer containing chromium
carbide can be formed on the EDM finished surface by using a chromium powder mixed working fluid.
Then, the effect of hybrid powder-mixed EDM with using chromium powder and silicon one, was
investigated, and sufficiently small surface roughness with a practical level for metal mold could
be obtained.

On the other hand, by applying EDM conditions with large electrode wear, the formation of surface
layer containing electrode components was also succeeded. By using a chromium electrode and a
cemented WC one in sequence, we succeeded the formation of a two-layer structure surface layer
containing chromium carbide and tungsten carbide.

Furthermore, in order to quantitatively evaluate the releasability of molded resin from the finished
surface of metal mold, we built a new device to measure the resin releasing force, and accurate
evaluation of the mold releasability from metal surface became possible.



2
2
25mm
SKD11
5um
1
3 5g/L 04 1.2 16A
EDX
1.6A CrKa
lg/L 39/l  _ dgh
S 30
5g/L £ ”
< - = c:=1g/L N & Low
TEM 00 0.4 0.8 12 1.6 2.0 200um
EDX TEM Discharge current i A

3um



(Cr,Fe)7Cs

TEMIRERER: C,=1g/L, i=0.4A

1100Hv

90°
SKD11

SKD11

3.0pm

3.0um
XRD
FesC (Cr,Fe):Cs
(Cr,Fe)7Cs
0.4A 2us
0.4umRa 1.8umRz
100 4500 °
4000
80 3500
= 5 3000
6
g S 2500 ¢®
£ £ 2000 I.
E40 g
z = 1500 A @ (Cr,Fe),Cy
2 =t 1000 ° A FesC
T \)\,\ =| S PR 500 M
0 05 10 15 20 25 30 35 40 45 50 OM' Ll M
Distance from the surface pm 10 20 30 40 50 60 70 80 90 100
26 deg
TEM XRD
1200
1000
>
I
@ 800
SKD11 650HV E
& 600
[
830HV 2 400
>
200
0
Lapped
Pure Cr
80° H
@
o
2
o ©
90 3
=
8
100°
90°
11-13% 8% 100%
Ground EDMed(Oil) Lapped
SKD11 SKD11 Pure Cr
Cr content
104
0 — EDMed(CrPMF) SKD11
1% NaCl N — EDMed(Oil) SKD11
£ — Lapped pure Cr
5 10% | — Ground SKD11
/ £
o
q
1mV/s S 10l
2V 2
3
510t
3
100 1 L L L 1
05 0 0.5 1.0 15 2.0

Potential V vs Ag/AgCI



1.8umRz

Surface roughness Rz pm

1.0umRz
1.0g/L 1.6A
3 4g/L 1.5pmRz
0.4A 1.0umRz
SEM 10
TN 7
Yo LN
¥ 9 )
/ il
pe !
wd 3
-
3.0 — 20 30 20 L DR
o Rz Cer=1g/L u:t ey gcf;g//ll: < ¢ A
25 - R, :ei1.6A e & 25 Ry, i“z,fi, & SEMimage 10um High
t=2ps 415 5 o H15 ¢ .
2,0 ° € < 3
[ £
£ 2 2
151 110 & £ S
o S s
o 2 )
1.0 [ s o =
W 5 s O ©
05 e £ £
0 L L L L L 0 < 0 L L L L 0 <
0 1 2 3 4 5 6 0 04 08 12 16 20 :
Si powder concentration Cs; g/L Discharge current is A Cr Ko image Low
Si 10 SEM
11
12
XRD
R 10 W, R 10 3°°£
X g {250 g.g & 8 '250s.g
5 | 8 & {200 § =
o 0§z & of 8%
2 150 = o {150 =
2 1 2% o 4l 02
I T = {1008 =
o | vesov. 0 Ex B 5 V. Ex |
= S,580V, 1 oS ¢ r =80V, 150 = . :
£ 1A =0 o8 E t.532us 2= SEM image | Cr Ko image
=z . . . 0 £ o - : . 0
< Y0 50 100 150 200 Z 0o 5 10 15 20 25 12 SEM
Discharge duration ¢, us Discharge current i, A
11
2
2
SEM 13
SEM

1.0 Rz



SEM image

/
AR LAY P

Yy
R |

100pm

Roughness curve

5.0umRz

0.9umRz

Cr electrode

WC-Co electrode

5um

0

Atomic ratio %

Distance from the surface um

-

g
o

=
<)

4
o

®
o

0.0

10 20 30 40 50 60

{1_

Lo

=

L
Q
=

13

14

2um

5um

15

17

STEM

16

Rz 365 pm

14

W surface layer
CrC surface layer

STEM image

D. P. at point A

WC,g, (Cubic)

D. P. at point B WC (Hexagonal)

15

FesC

Force gauge

Heat insulator—

‘Workpiece———————

Ground surface

16

STEM

CrsC

Spring for mold clamp

Spring for resin compression
Metal mold

Plunger

Thermosetting resin
Holder
—Heater

300

250

Compression molding

Ground surface roughness: R, 2.87 jm

7

200

150

Molded resin )@7&%“(1 surface
l—l/
* Releasability test

5

100

[ Separation force

Release

lease fagree:

Tensile load [N]

50

Workpiece /
. L .

Mold
Tare yveight{ 6 N

17

2

4 6 8 10

Time [sec.]



68
2024
111 114
DOl
Kitada Ryoji Wang Qin Tsuetani Shun-ichiro Okada Akira 113
Influence of surface roughness of die sinking EDM on mold releasability in compression molding 2022
of thermosetting phenol resin
Procedia CIRP 238 243
DOl
10.1016/j .procir.2022.09.152
Shun-ichiro TSUETANI, Yuki IKEUCHI, Akira OKADA, Ryoji KITADA -
Possibility of Compositionally Graded Surface Formation by Electrical Discharge Machining 2021
Proceedings of the 10th International Conference on Leading Edge Manufacturing in 21st Century -
DOl
Yuki lkeuchi, Shun-ichiro Tsuetani, Ryoji Kitada, Akira Okada 18
Fundamental Study on Double-Layered Surface Formation by Electrical Discharge Machining 2020
Proceedings of the 18th International Conference on Precision Engineering
Proceedings of the 18th International Conference on Precision Engineering (1CPE2020) B-5-5

DOl




6 0 1

Qin Wang, Ryoji Kitada, Koki Yoshida, Akira Okada

Fundamental Study on Influence of Ground Surface Characteristics on Mold Releasability in Compression Molding of
Thermosetting Phenol Resin

The 10th Asian Society for Precision Engineering and Nanotechnology

2023

2024

2024

60

2022

2021

2021




2020

2020

2020)

2020

(Okamoto Yasuhiro)

(40304331) (15301)
(Kitada Ryoji)

(60540276) (37401)
(Shinonaga Togo)

(60748507) (15301)







