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MATERIALS ON TUNGSTEN CARBIDE

Student Name : Ms. Rattikorn Saodan

Student ID : 115270440119-7

Degree Award : Master of Engineering

Study Program : Manufacturing Engineering

Academic Year : 2010

Thesis Advisor/s : Dr. Sirichai Torsakul
ABSTRACT

Tungsten carbide is an important tool and die material mainly because of its high hardness,
and wear resistant. Due to its properties, it cannot be process easily by conventional machining
technique. Hence, electrical discharge machining (EDM) process will open up an opportunity for
the machining of tungsten carbide. Which, the objective of this research is to study the efficiency of
different EDM electrode materials on tungsten carbide composite material grade 90WC-10Co.

Experiments set up of Cu-Zn40 electrode, Cu electrode, Graphite electrode, and Stainless
steel AISI 304, respectively. The experiments were carried out on material composite tungsten
carbide grade 90WC-10Co. The conditions of EDM spark on surface workpiece was 1.0 mm of
depth and 5.0 mm of diameter electrode. The EDM process sparking under spark erosion 102 (HF)
of fluid dielectric hydrocarbon. The experiments conditions was used to conduct with four factor,
such as on-time, off-time, discharge current, and electrode polarity. Moreover, it concluded that all
factors have significant effect on materials removal rate (MRR), electrode wear ratio (EWR) and
surface roughness average (Ra) of the EDM machined surface.

The result show that the graphite electrode give higher than other electrode materials and
gives highest materials removal rate is 1.20 mm3/min, Because of the properties electrical better
than such as electrode conductivity and resistively. In addition, to the properties electrical
influenced to generating current good flow of electrode perform very well on EDM process. The
negative polarity electrode perform better than positive polarity electrode. Moreover, the result of
surface roughness, the stainless steel AISI 304 give better than other electrode materials and gives
lowest surface roughness is 1.54 pm. The optimum conditions obtained from the analysis show the
combination of parameters that improves surface quality.

Key word : Efficiency / Electrode / EDM/Tungsten carbide
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2. fhmmwmuﬁaqmm (Ry : Maximum Peak)
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A Y ad < Y Ny A YL a o
ATTNWN N.1 ﬂjmsl,amimﬂamamﬂimmwaﬂﬂm"liﬁun ﬂiﬂﬂ'll')ﬁ1lﬂﬂ YIUIN (+)

TON | TOFF | LBefor Duty Deep Time
il | @S | @S (mm) (%) (mm) (se0) EWR+ | MRR+
1 2 32 0.660 6 1.00 10.05.00 194 0.011
2 10 32 0.614 24 1.00 4.44.31 159 0.027
3 32 32 0.550 50 1.00 2.34.52 122 0.057
4 100 32 0.602 76 1.00 3.2.44 151 0.043
5 510 32 0.710 94 1.00 6.29.30 245 0.015
m3ai 0.2 feyamsnanesdianTasamanndr | Zaiiy Yiumnania $2uan $rau ()
TON | TOFF | LBefor | Duty Deep Time
Uit | (s) (uS) (mm) (%) (mm) (sec) EWR- MRR-
6 2 32 0.554 6 1.00 3.54.11 124 0.037
7 10 32 0.750 24 1.00 47.38 300 0.103
8 32 32 0.825 50 1.00 18.47 471 0.183
9 100 32 0.920 76 1.00 13.02 1150 | 0.121
10 510 32 0.955 94 1.00 3.10.41 2122 0.005
a3 0.3 feyamsnaaesdidn Insamannd1 ¥aiinlsuanmia #1190 ()
TON | TOFF | LBefor | Duty Deep Time
§Swuit | @s) uS) (ram) (%) () (sec) EWR+ | MRR+
1 32 2 0.553 94 1.00 1.23.20 124 0.105
2 32 10 0.552 76 1.00 137.31 123 0.090
3 32 32 0.426 50 1.00 2.17.56 74 0.082
4 32 100 0.584 24 1.00 435.22 140 0.030
5 32 510 0.633 6 1.00 6.11.48 172 0.019
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{ ad 3 a ] 1 = 09.1’
M5190 0.4 Yeyamsnaaesdian Insamannd ativdlSuaaiila daau ()

TON | T.OFF | L.Befor Duty Deep Time

SR | @S | ws) (mm) (%) (mm) (se0) EWR- | MRR-

6 32 2 0.885 94 1.00 10.30 770 0.215

7 32 10 0.904 76 1.00 14.01 942 0.135

8 32 32 0.950 50 1.00 19.19 1900 | 0.051

9 32 100 0.961 24 1.00 10729 | 2464 | 0011

10 32 510 0.983 6 1.00 31527 | 5782 | 0.002
M3l 0.5 feyansnaaesdidn Insaneundesdfuaurauta {90 ()
TON | T.OFF | L.Befor Duty Deep Time

Uit | (s) (uS) (mm) (%) (mm) (se) EWR: | MRR+

1 2 32 0.920 6 1.00 44.35 1150 | 0.035

2 10 32 0.910 24 1.00 11.24 1011 0.155

3 3 32 0.900 50 1.00 429 900 0.438

4 100 32 0.950 76 1.00 5.10 1150 | 0.190

5 510 32 0.920 94 1.00 12.56 1900 | 0.122

M3 0.6 feyamInaaesdian Insaneundeduauranda Hau O

TON | T.OFF | L.Befor Duty Deep Time

fdui | (@us) (uS) (mm) (%) (mm) (sec) EWR- | MRR-

6 2 32 0.550 6 1.00 77.29 122 0.114

7 10 32 0.670 24 1.00 19.24 203 0.334

8 32 32 0.730 50 1.00 9.15 270 0.573

9 100 32 0.850 76 1.00 7.23 567 0.399

10 510 32 0.980 94 1.00 8.09 1700 | 0.024
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A Y ac A [ o 3
ANTNWN N.7 ﬂlﬂll‘laﬂ'li‘l/]ﬂﬁﬂ\iﬂmﬂiﬁiﬂ‘ﬂﬁlﬁlﬂﬁﬂﬂﬂiﬂﬂuﬂa1ﬂ@ YIUIN (+)

TON | T.OFF | LBefor Duty Deep Time

ddui | @) | @) (mm) %) (mm) (sec) EWR+ | MRR+

1 32 2 0.960 94 1.00 2.48 2400 0.281

2 32 10 0.910 76 1.00 3.23 1011 0.523

3 32 32 0.880 50 1.00 4.30 733 0.524

4 32 100 0.910 24 1.00 15.20 1011 0.115

5 32 510 0.900 6 1.00 4:06:03 900 0.008
M3 n.8 foyamananesdidnInsanoundeslfuanaiila ihav )

TON | T.OFF | LBefor Duty Deep Time

dul | @S | @) | ) (%) (mm) (sec) EWR- | MRR-

6 32 2 0.770 94 1.00 7.27 335 0.606

7 32 10 0.750 76 1.00 9.20 300 0.526

8 32 32 0.750 50 1.00 12.11 300 0.403

9 32 100 0.730 24 1.00 35.26 270 0.150

10 32 510 0.680 6 1.00 2.06.01 30 0.050
M3 0.9 feyamananesdianlnsaneanlsumania #un (0)

TON | T.OFF | LBefor Duty Deep Time

SR | @S | @s) (mm) (%) (mm) (sec) EWR+ | MRR+

1 2 32 0.470 6 1.00 5.10.21 89 0.034

2 10 32 0.320 24 1.00 1.56.07 47 0.115

3 32 32 0.220 50 1.00 1.13.57 28 0.207

4 100 32 0.220 76 1.00 1.58.31 28 0.129

5 510 32 0.250 94 1.00 5.40.36 11 0.043
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= Y adc @ 1 a qu’
M3199 .10 Yayan1snaaeedian Insaneauaslsuawianila ¥au ()

TON | TOFF | L.Befor Duty Deep Time
i | @) | @S | ) %) (mm) (sec) EWR- | MRR-
6 2 32 0.18 6 1.00 1.50.27 22 0.146
7 10 32 0.14 24 1.00 42.23 16 0.399
8 32 32 0.12 50 1.00 35.15 14 0.490
9 100 32 0.10 76 1.00 38.23 11 0.461
10 510 32 0.15 94 1.00 2.05.11 18 0.133
M3 0.1 Foyamanaassdifnlasanesuasliuamnaila w9 ()
TON | TOFF | L.Befor Duty Deep Time
ddui | @) | @) (mm) %) (mm) (se0) EWR+ | MRR+
1 32 2 0.290 94 1.00 49.27 113 0.282
2 32 10 0.250 76 1.00 1.01.46 45 0.239
3 32 32 0.250 50 1.00 1.22.48 37 0.178
4 32 100 0.230 24 1.00 2.08.28 25 0.118
5 32 510 0.020 6 1.00 3.11.21 10 0.101
a3 n.12 Feyamanaaesdidn Insanewanlsuaamia au O
TON | TOFF | L.Befor Duty Deep Time
o o d MRR-
QREVIN] (1S) (1S) (mm) (%) (mm) (sec) EWR-
6 32 2 0.200 94 1.00 23.33 30 0.667
7 32 10 0.170 76 1.00 2331 19 0.693
8 32 32 0.160 50 1.00 26.59 20 0.611
9 32 100 0.160 24 1.00 1.08.31 25 0.241
10 32 510 0.100 6 1.00 2.35.27 39 0.114
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{ ad Jd (o 1 a 3
A15199 n.13 Gi’J}E]SsI,ami“Vl@mfNE]LaﬂIG]iﬂLl,ﬂiul%lﬁﬂiﬂﬂu’mnﬂﬂ YIVIN (+)

TON | TOFF | L.Befor Duty Deep Time
o o d MRR+
a1aun (uS) (uS) (mm) (%) (mm) (sec) EWR+
1 2 32 0.876 6 1.00 45.08 706 0.054
2 10 32 0.831 24 1.00 30.33 492 0.109
3 32 32 0.818 50 1.00 24.34 449 0.146
4 100 32 0.892 76 1.00 20.44 826 0.102
5 510 32 0.921 94 1.00 23.30 1166 0.066
M3 .14 FoyaminaassdidnTasauns llddsuamania ihau O
TON | TOFF | L.Befor Duty Deep Time
i | @) | @ | ) %) (mm) (sec) EWR- | MRR-
6 2 32 0.720 6 1.00 10.44 257 0.512
7 10 32 0.623 24 1.00 6.10 165 1.201
8 32 32 0.735 50 1.00 4.52 277 1.070
9 100 32 0.852 76 1.00 4.24 576 0.661
10 510 32 0.930 94 1.00 4.10 1329 0.330
M3 0.15 Yeyanmanaansdian Tasauns lldususmaia w9 (4)
TON | TOFF | L.Befor Duty Deep Time
Maun (uS) (1S) (mm) (%) (mm) (sec) EWR+ MRR+
1 32 2 0.788 94 1.00 42.40 372 0.098
2 32 10 0.736 76 1.00 20.25 279 0.254
3 32 32 0.734 50 1.00 22.18 276 0.234
4 32 100 0.846 24 1.00 30.20 549 0.100
5 32 510 0.906 6 1.00 1.04.32 964 0.029
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{ Y ad d (o 1 A qu’
A15199 1.16 "lJE]Saljami“lfl@mﬂQE]LaﬂIG]‘Jm!,ﬂihh\lﬁﬂiﬂmnmﬂﬂ ¥aU ()

T.ON T.OFF L. Befor Duty Deep Time

aeun (uS) (uS) (mm) (%) (mm) (sec) EWR- MRR-
6 32 2 0.817 94 1.00 5.30 446 0.654

7 32 10 0.790 76 1.00 4.50 376 0.853

8 32 32 0.800 50 1.00 4.45 400 0.827

9 32 100 0.818 24 1.00 4.28 449 0.800
10 32 510 0.820 6 1.00 22.05 456 0.160

! YA a { a @ ad qg./‘
m'i”mﬁ n.17 %@gaﬂ”ﬁﬁﬂﬂﬁlﬂfﬂuﬂEJT]JN'JLﬂaEJ (Ra) ‘1]@\‘1W'J\T"I‘Ll‘ﬁﬁ\iﬂTﬁVIﬂa@ﬁﬁﬁﬂﬂlﬁﬂT@iﬂ‘ﬂ\i 4

¥ia Iaeg U5vilavescansninanaianila (On-time)

NPUNADI On-time ND4LAT On-time mannd113aiiy On-time | un3' 1WA On-time
Duty Graphite | Graphite
Cu-Zn (+) Cu-Zn () Cu(#) Cu () Stainless(+) | Stainless (-) ) )
6 2.234 2.158 2.010 1.826 1.545 1.555 2.042 1.787
24 2.821 2.774 2.694 2.337 1.920 1.615 2.462 2.198
50 3.278 3.646 3.236 2.997 2.600 2.160 3.330 2.952
76 5.110 4,882 3.840 3.550 5.050 2.424 4.847 3.784
94 6.450 6.190 4.948 4.576 5.542 4.263 5.689 5.331
# wihemsiamanuneAamas (ulaswas : um)
M3l 0.18 FeyamsTamanuneiamnge (Ra) VoIIHEIMINAaeIdBiEnTATAT 4
yia lag Usuilaveilszansnimainaiaiila (On-time)
. manna 1¥aiin ,
NOUNADY Off-time NoUIAY Off-time un3 1Wg Off-time
Duty Off-time
off-time (+) | off-time (-) | off-time (+) | off-time (-) | off-time (+) | off-time (-) | off-time (+) | off-time (-)

6 4.796 4418 4.245 4.110 3.882 3.661 4.231 3.998

24 3.924 3.993 3.702 3.884 3.334 3.656 3.548 3.554

50 3.447 3.367 3.370 2.963 2.932 3.180 3.010 2.980

76 2.649 2.567 3.167 2.573 2.101 2.220 2.340 2.085

94 2.463 2.188 2.321 2.812 1.882 1.726 1.998 1.910
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{ o o g ad 3 a [
M15199 1.19 YoRANINAALIBATINTVIALTBIU (MRR) Y0000 1ATAN 4 Hila Iae1lSy

fladwalszans amainawianila (On-time)

Duty sus 304 + | sus 304 - cu+ cu - cu-zn+ | cu-zn - Gr + Gr -
6 0.011 0.037 0.034 0.146 0.035 0.114 0.054 0.512
24 0.027 0.103 0.115 0.399 0.155 0.334 0.109 1.201
50 0.057 0.183 0.207 0.490 0.438 0.573 0.146 1.070
76 0.043 0.121 0.129 0.461 0.190 0.399 0.102 0.661
94 0.015 0.005 0.043 0.133 0.122 0.024 0.066 0.330

{ Y @ @ § ad 3 a @
A15199 .20 Guay,amimamemmﬁmmﬁmm (MRR) v9301an InsaNna 4 ¥ila lagilsy

fladealszans amoinaanila (Off-time)

Duty SUS 304 + | SUS 304 - Cu+ Cu- Cu-Zn+ | Cu-Zn- Gr + Gr -
94 0.105 0.215 0.282 0.667 0.281 0.606 0.098 0.654
76 0.090 0.135 0.239 0.693 0.523 0.526 0.254 0.853
50 0.082 0.051 0.178 0.611 0.524 0.403 0.234 0.827
24 0.030 0.011 0.118 0.241 0.115 0.150 0.100 0.800

6 0.019 0.002 0.101 0.114 0.008 0.050 0.029 0.160

{ [ ac adg qa/’ a
A15199 .21 Gi’fay,amimamammﬁﬁﬂmammaLaﬂim‘ﬂ (EWR) ¥0491an 1a5A%14 4 ¥l

Tasl5vuilave Uszansninainaiaiila (On-time)

Duty sus 304 + | sus 304 - cu+ cu- cu-zn + | cu-zn - Gr+ Gr -
6 194 124 89 22 1150 122 706 257
24 159 300 47 16 1011 203 492 165
50 122 471 28 14 900 270 449 277
76 151 1150 28 11 1150 567 826 576
94 245 2122 11 18 1900 1700 1166 1329
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{ [ adc adg qg/’ a
A13199 .22 Gl’fay,ami‘vmamemmﬁﬁﬂmammamﬂim:m (EWR) ¥04918n 1a50A114 4 ¥l

Tasl5vil9e Uszansninainaartla (Off-time)

Duty sus 304 + | sus 304 - cu+ cu- cu-zn+ | cu-zn- Gr + Gr -
94 124 770 113 30 2400 335 372 446
76 123 942 45 19 1011 300 279 376
50 74 1900 37 20 733 300 276 400
24 140 2464 25 25 1011 270 549 449

6 172 5782 10 39 900 30 964 456
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