dninnomyann wizeemndimanyzly

NSANYIBNTNAVDIVIIAVD I AN INTANNNANTENUANDON T
N1SHAIHD T HNUIAZOAS NI TNHIDVRIBIENINIAUBUKANN A

d' =) t:i ¥ =Y
INIOIND DCS3 N HNITNID EDM

o o d a
WIIPAAWIA gy IR

= ‘; L)

e yszans gnsns

@ ¢ s c: o
HIBATHNAADR HIAN

T
jooT o

T S————

anzitiou 71 994 b 1t gre

uoud. ] 2862 e meeeeeeeeresees s

A o ] o o or
Bagninusiiuammiisveamsanymundngnsininssumansiumng
@13 sugnaImms auzinIns sumans

ar = Y Qs
amithunalulabvszasundud Inanmsannszia

Umsanu 2549



A STUDY ON EFFECT OF ELECTRODE SIZE ON
MATERIAL REMOVAL RATE AND ELECTRODE WEAR

RATE OF EDMed DC 53 TOOL STEEL

MR. KITTIPONG SUCHAT
MR. CHANPRASIT YUTTHAWAREE

MR. DAMRONGSAK NAKPIVE

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
BACHELOR OF ENGINEERING IN INDUSTRIAL ENGINEERING
FACULTY OF ENGINEERING
KING MONGKUT'S INSTITUTE OF TECHNOLOGY LADKRABANG

ACADEMIC YEAR 2006



o <
AN IAINFIUANTAS
e = ¥ ot
amuumalnTainIzemndINIAMUNKISAIANITUY

Tu¥nsesSaniinus

w v A ¢ o s o~ = d A ) W 1
iyt A ANHONTHAYD T IATD 10N TNFANUHANIZNUADDAT INIAMLD
~ - - aod =4 4 -
Fuanmas Ha31Ms 013 0UDIDIAN TNIAVDIMANNA IATALID DO3A 1
1 et -
HILAT3IIT EDM
A study on effect of electrode size on material remoy al rate and clectirode

wear rate of EDMed DC 53 100l steel

MER VIAAATIA AR swalszi Wy 47015629
winnglszAnt gnss anmlazdin 47015634
ViR IRanA winin adelszdnan 47015638

Hangna FrnsTUMARI TR 1V IAINTINQANTHNIG

< 5 = J
onsadnuninfi s s

e

(HAL.AS.NTSFD NAENAI)

2 71

L4

(as.aiign oot



WS yaninug

HANTAS
Ymsfnu

= <

owdgnauiuliuaniinus

&

3

- a = ooz . it e . A
ﬂ"Ifrﬁﬂ}]‘lﬂ'ﬂﬁ"l"lﬂ'\lﬂ@q.lu']ﬂ"llfb]'ﬂlﬂﬂ]'Hﬁﬂﬁll“ﬂﬂﬁéﬂﬁlﬂﬂﬂﬂ'j1]1]3?]?]1“11

Y pe = oo 5 =] » f'q/ =] v
PHIHALDATIMIATHIOUDIDNDN mspvourannanasniie DOS3 Y

HIUNT 3N FDM
VeRnANa ATIH
oy nlszand onss

LRI IAANG VIR

’
~

hA5EA0 17015629
sty 47015634
3 Alz918) 47015635

JnTINeans Umdn A e0N I H0RaIHMT

2549
HALAT.NITEY DANIAG

a5 013N hywarg e

UNANLD

- Yoo A o ad e " o A &
lﬂfl3“15Ullﬂﬂ.|ﬂ-|ﬁﬁnﬂTaﬂﬁ“a'ﬂod‘llll']ﬂ'“ﬂ\jﬂ!'ﬂﬂE‘nﬁﬂﬂilﬂﬂﬂﬁr‘u”ﬂﬂﬂaﬂﬂﬁ1ﬂ13ﬂﬂ]'ﬂ9“ﬁ11§1]u!|ﬂ$

o o ad = P v A A A =i o v
R 1P anKInvoIoian Ininuanannatniodus DC 53 T]lﬂﬂ'ﬂ]ﬂf‘l'lﬁﬁlhﬁﬂqluﬁnﬂ 111t13$113u11'1‘5ﬂﬂﬂ38

Pate) i | . . - o - § o 4 ' = ' [§
Wmso o1z 1WA (Blectrical Discharge Machining) Taolddunlsfle svssozinariaaonszealdih on

i Haq s o oo « ad -« & oad . 49 9 & '
nazna liihgenadlFlumsmidn p) vaz v wuguinavesdian Insadsoiannsaii Inihums

L4
] ] L4 P o e Y -~ E =y
NOIAINT Qﬂﬁﬁﬂﬂﬂmﬁluﬂ'mﬂu{mﬂ"li 3 ”IJ“lHﬂﬁD 0.5 UAALNAT 13 HadlUAT UAZ 1 8.5 Haaiual |ﬂﬂ]‘§‘ﬁuﬂu

W » 'y
o =y 1 = LY g =1 =
Favualunsnaan 811U ndaztuamez)ena1lun1Inaand 30 1IF AG0ANITNAGBT 9INN1TINTIEHNT I

a ¢ = v a o a ' v
HazmiIIAs 1zHAIs Y (ANOVA) fiszdutiodidy o= 0.05 a31)1d33 vinadudwguinases

g o ¢ o A o -
'[].lﬂﬂiﬂ'iﬂ UHANIENUADN DA ] ?ﬂ']flﬂﬂlﬁf)']ﬁ”ﬂ11! Hﬂzﬂﬂﬁ‘lﬂ‘lﬁﬁﬂﬁﬁO‘UB\lﬂlgﬂ‘jﬂﬁﬂ

1



Thests Title A stuiky on effect of electrode size on material removal rate and clectrode
wear rate of EDMed NC 53 tool steed
Student Mr, Kittipeng Suchai
Mr. Chaprasit Yutthawaree
M. Damrongsuk Nakpive
Degree Bachelor of Engincering in Industrial Engimeering
King Mongkut's Institute of Technology Ladkrabang
Academic Year 2006
Thesis Advisor Asst. Prot. Dr. Kannachai Kanlayastri

Dr. Anirut Chajaruwanich

ABTRACT

This project s aimed to study the effects of electrode size on material removal rate (MRR) and on elecirode
wear ratc {EWR) during EDM process of DU33 tool steel. The process parameters are electrical discharge time (ON).
clectrical discharge peak current (1P) and eleetrode size: 9.5, 15, 18.5 mm. Cylindneat copper clectrodes were used.
The tetal number of experiments carried out was &1, Each workpicce was sparked for 30 mmutes. From praph
aatoand analysis of variance (ANOVA) at a confidence level of 95% (@t = 0.05). it can be concluded that the

i electrode affects both MRR and EWR.
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; Parameter Function [
| PL Polarity PL (-)

OFF Electric discharge stop time 40

- S5V Servo vaolage 55

5 Su\ (.1 specd :’3

Ly Jump-up ume 15

DN Jump*clnﬂ\\'n machining ume 70

1S Jump speed 20

L.NS Loran shape 0

) STEP Loran erbiting motion distance on one side 0

B \ | o \1am .\"upply \olngg o WI 7

HP Auxiliary power supply ¢ircuit control 44
- ;;’7 777777 PIKADEN pulse. Shulc;t; o . 10
¢ o ( :;pacimr )

ALY Arc detection level 15

ocC ON pulse control ¢

LF QOFF pulsc control 5

M Jamp mode 0

LS Loran speed and direction 0

LNM Leran mode 0
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Flectrode Size {imm.)

ON {psec) 1P (A)

| 66 125 73 i 1%.5 |

2 25 250 ] 75 | 15 5
o 3 3R 125 73 15.0
________...___.._.__!__. — i eem e o n S

4 : 76 190 50 I%.5

5 - 18 123 50 15.0 |

6 - —;5 128 75 18.5 _
. P w0 w0 L ass

8 s2 250 78 i J|5.0

Y 2 125 50 5 ):_

10 78 190 50 ks

1 12 125 78 9.5

12 80 250 7< 15.3

13 19 125 9;} 9.5

14 13 190 90 9.5

15 75 125 90 1%.5

16 39 125 75 15.0

17 57 125 50 i 18.5

18 6 190 75 ' 9.5

19 21 125 a0 E 9.5

20 - 35 250 90 h M(Tiii

21 72 750 50 IR.5

22 60 190 75 185

23 51 190 5-6 15.0 "

24 30 125 50 15.0

25 4 190 90 15.0

26 7 250 50 ; 18.5

27 9 750 90 9.5

28 27 250 75 T 9.5

64 125 75 18.5
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30 67 190 90 [

31 59 160 75 18.5

32 S8 190 75 ﬁ 18.5
77;1"‘ 22 I‘)Ok _ i‘[i V 7 9.5
3.4 [4 190 90 9.5

35 30 190 H) 15.0

_ 36 ;3] 1-‘)0 ----- 75 o _EST

37 69 190 90 18.5

) 38 23 190 50 9.5

39 16 250 o0 §5.0

40 10 ) 125 75 95

41 46 125 90 15.0

42 3 125 50 9.5

43 77 L90 S0 IR.5

44 20 250 75 9.5

45 73 125 a0 i8.5

46 53 250 75 15.0

47 4 190 75 g.5

48 14 250 90 15.0

449 61 250 9(-)-“ 1R.5

50 55 i25 50 [B.5

51 44 250 50 15.0

_52 ?7 125 75 _”VIS.O

53 20 125 w0 9.5

54 30 190 50 “ 15.0

33 Il 125 75 9.5

56 24 190 50 9.5

57 7 250 90 9.3

58 29 125 S0 5.0
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39 18 250 50 9.5
60 74 125 90 18.5
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7 65 - 17 ' 250 50 9":_; o
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67 4 250 75 18.5
68 8 250 90 9.5
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70 47 125 90 15.0
71 56 125 50 8.5
72 43 250 50 15.0 )
73 32 190 75 15.0
74 i 125 50 9.5
75 16 250 50 B35
76 45 250 50 15.0
77 63 250 20 18.5
78 - 28 125 ) 50 ) 15.0
79 42 190 Pl 15.0
20 54 250 75 15.0
81 49 190 50 15.0
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A1519R -2 HAMT AT 121 MRR 320 ANOVA

i Analysis of Varianee for MRR - Type 111 Sums of Squares
- Source (;f Sum of Degree of |
‘ Mean Square| F-Ratio | P-Value
Variation Squares Freedom (
MAIN EFFECTS
A Dh\f\lE:l'ER 0.000530724 2 l 0.000265362 1\ ®I0.34 (.0000
B:IP | 0.000082670:2 2 0.000041333] 130.90 0.0000 4\
POt ON 0.00000432119 2 (}‘.”[.)f)UOOEIﬁ(}ﬁ 6.84 i 0.0022
INTERACTIONS
AB 0.0000247586 9 0.00000618973%  19.60 0.0000
AC 0.00000826702 4 (0.00060120104 3R0 (LOORS
BC 6.48798E-7 4 1.622E-7 0.51 0.7259
ABC 0.00000150572 R 1.88215E-7 0.60 0.7769
RESIDUAL | 0.0000170521 54 315779E-7
Total 0.000666483 &0

' o o d ' o A " a o A

1A P-value 1Nﬂ]51~331ﬂ'§13‘,1’fﬂ’l"lililﬂﬁcl.h’]uﬁ]ﬁlﬁUL]%’)Wﬂﬂﬂﬂﬂﬁ\]ﬂﬂﬂﬂﬂﬂﬁ“-nﬁﬂﬁlﬁo
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ap) uazszvznarlumitdoonzue T (ON) 1119421007 Prvalue voaiamuiladoiiiiantaonit 0.03
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Variation Squares | Freedom Square
MAIN EFFECTS B
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| B:P 7.648YE-7 2 1.R2445E-7 192.01 0.0000
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AB }.7448E-8 4 4.36199E-9 219 E 0.0822
AC 157971E-8 4 8.94926E-9 4.49 (0.0033
BC 2.25213E-7 4 5.63032E-8 28.27 0.0000
ABC 2A32R7E-R 8 3.06608E-9 1.54 D.1636
RESIDUAL 1.07559E-7 54 1.99184E-9
Total 0.000001632 &0
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1paBtBNTNGA (EWR) Razdunomideiu 95% Ao uiaiduiuguinay (Diameter) nszua lWihnlalu
e U 4 1 3 [ c‘;‘r‘l U '
namhsa Py vazszoznatlunsideonszualvih (ON) tles9inm1 P-ratue voaimuileduiifiantonn

0.05



4.3.2 M53NIIZH Duncan’s Multiple Range Test
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A13190 4-4 HAMIT TIA3 1% MRR @78 Duncan’s Multiple Range Test

Multiple Range Tests for MRR by IMAMETER
Method : 93.0 pereent Duncan
P DIAMETER Count LS Mcan Homageneous Groups
9.5 27 0.00425053 X
15 27 0.00865638 X
8.5 27 0.010316% X
Contrast Difference
9.5-15 ) | *-0.00440585
D.5- 185 *-0.00606635
15 185 *-(1.001 66049
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A15191 4-5 HAN13AATIEH MRR #70 Duncan’s Multiple Range Test

Mu]lip]e Range Tests for MRR by ON

Method : 95.0 percent Duncan

ON Count .S Mean Homogencous Groups
125 27 0.00743037 X

190 27 0.0078099 X

250 27 0.0079835 X

Contrast Difterence

125-150 *-0.000379325

125 250 *-(.000553131

190 - 250 -0.0001 73606
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N1513% -6 AN IR 121 MRR #78 Duncan’s Multiple Range Test

Muhiple Range Tests for MRR by [P

Method - 95.{) percent Duncan

1P Count LS Mean Homogeneous Groups
S0 - i 27 ﬁ 0.0{;640344 X

75 27 0.00797589 X

90 27 0.008844453 X

Contrasi ‘ Ditference

50-75 *-0.00157245

50--90 *-0.00244102

75 90 *-0.000868569
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A13139 4-7 #AN15IATIEH EWR 970 Duncan’s Multiple Range Test

Multiple R;méc Tests for EWR hy DIAMETER
Method : 93.0 percent Duncan
DIAMETER Count LS Mean Homogeneous Groups
15 27 0.000160511 X
9.5 27 0.00018137 XX
18.5 27 0.000203719 X
Contrast E&ﬁercncc
9.5-15 0.0000208593
9.5 83 -0.000022348!
. 15 - 185 *-0.001 66049
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.\hllti|1"l'u Range Tests for EWR by ON

Method : 95.0 percent Duncan

ON Count LS Memn Homogeneous Groups
! ;’5() | 27 0.000111492 X
190 27 0.000148907 X

125 27 0.0002852 X

Contrast Difference

125-180 - - ) *0.000136293

125 250 *0.000173707
190 250 *0.0000374148
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713199 4-9 #ANIIATIEN EWR #10 Duncan’s Multiple Range Test

Multiple Range Tests for EWR by 1P
Method @ 93.0 pereent Duncan
IP Count LS Mecan Homogeneous Groups
50 27 0.0000694556 X
13 27 0.000169607 X
90 27 (.000306537 X
Eommsl - Difference
;(}‘ 75 *-0.000100152
50 - 90 *-0.000237081
75 - 90 *-0.00013693
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Residual Plot for MRR
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Main Effects Plot for MRR
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AN THINHIVUIGUDINIBE 1 (Replicate)

A13 199 MY 1 uansnuRan ( L) uaz Amaumlslan (o)

Parameters

Electric Discharge

Electric Discharge

matenal removal rate

clectrode wear rate

Electrode Size {mm.) {g/s) (g/s)
Time {A) Peak Current (sec)

250 90 18.5 125556 X 107 1.66667 X 10°
250 90 18.5 126111 % 107 RIS
250 90 18.5 1.25556 X 107 166667 X 10°
190 75 15.0 9.50000 X 107 1.66667 X 10
190 75 15.0 961111 X 107 L1 x 1t
190 75 15.0 911111 X 107 166667 X 10"
125 50 9.5 4.07133 % 107 118010 X 10*
125 50 9.5 4.18934 X 10" 18010 X 107
125 50 9.5 3.95332 X 107 5.90048 X 10"
ANRGHo (JL) 8.68427 X 10 1.31546 X 10™

Awuysysiu (o) 3.72434 X 10° 3.77454 X 107

Tasn

NGRS

125741 X 107 - 8.68427 X 107 = 3.88980 X 10° nSu AUt

9.40741 X 107 - 8.68427 X 10" = 7.23137 X 10 afuHun

= 407133 X 107 - 868427 X 107 = -4.61294 X 10”7 nTu/ AU

My = 125741 X 107 nSuhni
Hp = 940741 X 107 pSu/nif
H3 = 4.07133 X 107 nfuAum
L = 868427 X 167 n§uAud
T, = H1-H =
T, ~H2- H =
T, = H3- U
52
anT,
(D2 — 2=1 >

“aa

HY 2




Taui
® - dwnrwlinsaguinm (Nen-Centralin)
T - i ARSI DS Az DAY
a - sedniladuiafinda
b= seaniladoiafinog
no YLIAADIAIDEIT (Sample Size)

G - nrnenlas v vananee)

1A
O (3Wn)3.69327 = 1077
(3138707 x1077)
@O = (n)2.66264)
A5 199 B 2 HEAAAMIHIVU AT 1801 ININZ A

n b b V= (-1} V=aln-1) 4 B Pawert1- [3)
3 7.9R8R 1826 2 3] 0.05 0.090 (.910
4 10,651 3.264 2 9 0.05 0.013 0.987

Sminamanuu nilufioauiu1a (Power of the test) 1I1131U 0.90

L i navesdresamnzan aunsnagl e wnadiahafimuzay fio o = 3 a3 Taoino
' c ] A W e o W A d m o Vo )
haziiluvosaugndosnsit MRR fszdniodfng 005 T3 bower(1- B) = 0.910 Fsliannnnifiaami

i‘ﬂ uW Uﬂll‘iul]']'ﬁ (Power of the test} 10.90
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Messrs: NITTETSU SHOJE €O, LID

Contract No; ) 7K-7390R
ACEROGRTHOOT

INSPECTION CERTIFICAYE

Customer No;

(6EF210} (GETFZi1) (BEF216)
Date; Ay, . 20, 2005 Packing List No;

B-02 .

Condition; SPHEROIDIZED ANNEALED

Quantity Body Hardness #
Bondle No. Type of Steel Heat Ne. Size ( NN } | Length( } | Pce |WeightGrc) i UR i
3-4 pCs3 6962D DIA 26 4,900~4.940 101 1,922 223
g o] -] 2C3332 DiA 6 4.940 38 787 219
1 DCs3 1C398 DIA 46 4.4000-4.920 i6 1,022 217
Ttems _ Chomical Malnoumn!. Machasica) Propertins! Tyne of Specimen }
c MO Poist | Trastla | Elor [Redwtiss bapect Vila
Unie B T M NN NN W T ireigs] Stremih | cuthm [of drm | HSTDOR
spui—-100 | 100 | 100 X% g/t
fization
Heat
No
b962D | 97 814 | 181
2C333 1 99 821 ) 193
1ca9e (o6 1813 1192
Remarks:
“
ol

It is Lereby certified that the above results sre
true and correet in every detail.

Kawagski Plant.
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" JAMES COPPELL LEE

INSPECTION REPORT
CUSTOMER: "
ORDER No ALLOY No DESCRIPTION SIZE QTY
/8" DIA 2000 KGS
Extruded and
[POO-16007 | J472 Ct, Zr, Cu, " DIA 1000 KGS
Drawn Section ; 1" DIA 1000 KGS
|
MECHANICAL PROPERTIES _
CONDUCTIVITY HARDNESS
LA.C.S. ! H.R.B.
SPEC: i
578" DiA 84 .88 LACS. 79 - 84 HRB
%" DIA B4-88LA.C.S. 79 - 82 HRB
1 DIA 84 - 88 l.A.C:S. 79 - Bl HRB
CHEMICAL COMPOSITION
COPPER CHROMIUM ZIRCONIUM
SPEC: Balance Minimum .5 Minimum  8.03
S/R"DIA Balance 68 -.94 031 -.039
»%P DIA Balance .10 -.91 .G31 -.041
1™ OlA Paieacy Hd . DE 070 - 037
fpd'd/ /{.{t,‘;'“.,(wb‘t'zf:
7 xa

HA 3
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13 2006 B4

Jul.

OrientaL CoPPER CO., 1D,

Certilicare Numher : Q..A..r....E..!.aw.. , e e e
. NGECK SENG CHIANG METAL {0, LTD,
Customar Nane . e

AnTnianeauns (Ae)

AIHETLd

3 luuang

4
AT AR

B263943159

FRX NO.

rrl . NMaECK

N . OFEILY, 27 Ft. Bavghuk Irmonas Y WO A Buiking
. 04305 25 Souch Sethan Ro, Turgmiat ames. Sodvay,
Order Number : . . . . . Bangkut 161 20, Toaiterd
13 May 2006 TH. Dbl 2705390, 2185 8966, TTR-5K 3
Dhare e e o e et s e e e e e et PAX =53 {0 22863345
L ?::;.::, : FACLLRY, 0 TGRS MG Avsa Maeo sedmaiel Baic
. o JIS H3140 1992 C1100 BB HALF HARD TEMPER Wi i SabUivtan, Amplir Moaos.
Specilivation : , . S Utniabuei 10O, Thankens
COPPER BUSBARS UKL, 66 2% T4 SMIAWS 16 Linza
Praduct Description e . FAN TOEANE 21288
- N P.1. NO. ZY-0604-05 WehSite | avarw missiskuppercon
Product Traceability Cade Coe .
Siaw Weizht Condactivily Cuopper Tenale Soength|  Elorgation Divensicn
Dend Tosy
Thickuess < Width x Length kus T lACS o Mita % Chicck
1/8* = 1/2" SE x 5000 mm 468.0] 1009 99.98 Hia PASSED 302.45 15.2 PASSED
3f16* x 1/2"  SE x 5000 mm 518.1| 100.7 59.98 Hin PASSED 309.4 15.4 PASSED
1/4® x°3/4"  SE x 5000 mm 523.8| 1g80.9 9%.98 win PASSED 304.9 16.2 PASHED
1/4% x 2° SE x 5000 mm 1,152.0 100.3 99.98 win PASSED 305.2 21.5 PASSED
1/4% x 2 1/2* BE x 5000 mm 4B6.0 100.4 99.98 Hin PASSED 301.8 25.9 PASSED
/4" o= 3 5E x 5000 sm 496.81 100.2 99.98 nin " PASSED 297.8 16.4 BASSED
/e x 1* SE x S00CG am 626.471 100.9 99.98 Kin PASSED 2582.1 26.4 FASSED
378" x 2¢ SE x 5000 mm 350,41 100.3 99.98 Hin PASSED 287.3 34.4 PASSED
6 mm x 100 mm SE x 5000 mom i,972.%; 100.8 99.96 win PEEEED 4.2 .. 17,6 YR5SED

We cetity that ¥ maweriak doncribed

mumulacred,

OUF QU LY EAMIDING ¢ I aRIPE 10

.aJ18

inerd aid rettesl in avcooerlang wiia
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