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TOI YU CAC THONG SO HIEU BIEN THE, CUONG PO
DONG DIEN, THO'I GIAN XUNG PEN PO NHAM BE MAT VA
NANG SUAT BOC TACH VAT LIEU TREN MAY XUNG DINH HIiNH
KHI GIA CONG VAT LIEU THEP SKD11

OPTIMIZATION OF VOLTAGE, CURRENT, AND PULSE ON TIME PARAMETERS
ON SURFACE ROUGHNESS AND MATERIAL REMOVAL RATE DURING SKD11
MACHINING USING ELECTRICAL DISCHARGE MACHINING

ThS. Tréin Vin Thing
Khoa Co khi, Truong Dai hoc Su pham Ky thuat Hung Yén

TOM TAT

Nghién ciru nay thiee nghiém dnh hwong cia cdc théng sé hiéu dién thé U (voltage), cuong
do dong dién I (Ampere), thoi gian phong xung T (us) dén néng sudt béc tach vit liéu MRR (g/min)
(Material Removal Rate), dj nhdm bé mdt R_(um) khi gia cong vat liéu thép SKDII trén may
xung EDM (Electrical Discharge Machinning). Nghién cuu sw dung phwong phap quy hoach thuyc
nghiém Taguchi véi 3 thong sé dau vao (hiéu dién thé U, cuong dg dong dién I, thoi gian phong
xung T ), méi théng sé ¢6 3 mire, dwge thwe hién qua 9 thi nghiém dé tim ra bé thong soé toi uu
nham dat nang suat boc tach vat liéu (MRR) cao nhat va do nham bé mat nho nhat. Két qua chi ra
rang bé thong soé t6i wu la U = 30V, I = 0,54, T = 20us. Nghién ciru nay lam tién dé cho viéc toi
wu cdc thong sé cho nang sudt béc tach vt liéu va do nham bé mat khi gia cong trén mday EDM.

Tir khéa: EDM; Ning sudt béc tach vit liéu; D6 nham bé mat; Thép SKDI11.
ABSTRACT

This study investigates the influence of voltage (U), current intensity (I), and pulse on time
(T, ) on the material removal rate (MRR) and surface roughness during machining of SKD11 steel
on Electrical Discharge Machining (EDM) machine. The study employs the Taguchi optimization
method with three input parameters (voltage U, current intensity I, and pulse duration T ), each
at three levels, conducted through nine experiments to determine the optimal parameter set for
achieving the highest MRR and the lowest surface roughness. The results indicate that the optimal
parameter setis U= 30V, 1= 0.54, and T = 20us. This study serves as a foundation for optimizing
parameters to enhance material removal rate and surface roughness in EDM machining.

Keywords: EDM; Material removal productivity; Surface roughness; SKD11 steel.
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1. PAT VAN PE

Cong ngh¢ gia cong bang xung dién
(EDM) da chung to nhleu uu diém vuot troi
trong gia cong khuoén mau, cong nghiép 6 10,
hang khong, cling nhu trong gia cong cac vat
liéu dan dién. Qua trinh loai bo kim loai trong
EDM dién ra thong qua su an mon vat liéu boi
xung dién gitra cac dién cuc cong cu va mau
trong moi truong chat 1ong cach dién, giup loai
b6 méanh vun trong khe dién cuc trong sudt qua
trinh gia cong. Nhiéu nghién ctru da dugc cong
b lién quan dén phuong phap EDM. Ching
han, Aniza et al. [2] da nghién ctu tic dong
cua tdc do cét va dong dién dén d6 nham bé
mat va téc do loai bo vat liéu khi gia cong Ti-
6Al-4V bang phuong phap WEDM. Ashok et
al. [3] da toi wu héa tham sd téc do cit, trong
khi Balasubramanian et al. [4] so sanh d§ nham
bé mat cta cac vat liéu EN8 va D3 sau khi gia
cong bang EDM. Nghién ciru ndy ciing xac
dinh cac thong sd nhu thoi gian xung, dong
dién, dién ap, ap suit va duong kinh dung cu,
cling nhu tac dong cta ching dén ty 18 loai bo
vat liéu va do nham bé mat. Pragadish et al.
[5] d4 thyc hién t6i vu hoa trong gia cong thép
AISI D2 bang phuong phap EDM, va sir dung
phan tich ANOVA dé chi ra rang dong dién
(I) 1a tham s6 anh hudng 16n nhat, tiép theo 1a
ap suat (P). Nghién ctru cua Avdhesh Kumar
Sharma [6] chi ra tic dong cua cac thong sb
trén may EDM dén nang suét boc tach vat liéu
(MRR) va téc do dn mon dién cuc (TWR) khi
gia cong vat liéu titanium (Ti-6Al-4V). Trong
nghién ctru nay, phuong phap Taguchi dugc ap
dung dé t8i wu hoa cac tham sb hiéu dién thé,
cuong do dong dién va thoi gian xung trong gia
cong thép SKD11 trén may EDM.

2. THIET BI THi NGHIEM

2.1. So' 0 nguyén 1y béc tich vit li¢u gia
cong trén may EDM
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Hinh 2.1. So dé nguyén Iy hoat déng ciia mdy
EDM

So d6 nguyén 1y boc tach vat lidu trén
may EDM dugc thé hién ¢ Hinh 2.1. Trong qua
trinh gia cong, dung cu (catdt) va chi tiét (andt)
dong vai tro 1a hai dién cyc cta nguén dién mot
chiéu véi tan sé 50-500 kHz, dién ap 50-300
V va cuong do dong di¢n 0,1-500 A. Hai di¢n
cuc dugc dit trong chat dién moi. Khi dién ap
taing du cao, chat dién moi bi ion hoa, tao ra
tia Itra dién gitra hai dién cuc. Nhiét do ¢ vung
tia lira ¢ thé dat téi 12.000°C, lam nong chay
va d6t chay kim loai trén cuc duwong. Ap luc
tir qua trinh phong dién day phoi ra khoi ving
gia cong. Qua trinh nay dién ra trong thoi gian
rat ngan (10 dén 107 gidy) va lap lai khi dién
ap du 16n. Phoi la cac giot kim loai bi tach ra
va dong dac thanh hat nhé. Khi hat phoi bi déy
ra, khe ho gitra hai dién cuc ting 1én, ngat qua
trinh phong dién. Dé duy tri gia cong lién tuc,
dién cuc dung cu duoc diéu chinh sao cho khe
h¢ gitra hai dién cuc ludn 6n dinh.

2.2. M4y thi nghiém

May EDM ZLC — LS 450 Machine
duogc chon dé thyuc hién thi nghiém tai Xuong
cit got Co khi, Truong Pai hoc Su pham Ky
thuat Hung Yén (Hinh 2.2). Thong sb ciia may
nhu sau: Dai x Rong x Cao: 1240 x 710 x 400.
Hanh trinh cda truc Z 1a 200 mm. Kich thudc
lam vi¢c cua ban may 1a 500 x 450. B9 chinh
xac £0,005mm, dién ap 220V/380V/50Hz,
cong suit ciia may 2,5KW. Trong luong may

1200kg.
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Hinh 2.2. May EDM ZLC — LS 450

Bdng 1. Thanh phan héa hoc ciia thép SKDI11

. . . P (%) S (%) Molipden .
0 (] 0 , ’ 9
Mac thép | C (%) Si (%) Mn (%) i da i da Cr (%) (Mo) Vanadi
SKD11 1,5 0,25 0,45 0,025 0,01 12 1 0,35

2.3. Miu va dién cuc thi nghiém

Vit li€éu st dung cho thi nghiém trong
nghién ctru nay la thép SKDI11, c6 ham lugng
cacbon 1a 1,5%. Ngoai ra, thép con chura cac
tap chat khac nhu: Silic, mangan, phdt pho,
lvu huynh va crom, molipden, vanadi. Thép
SKDI1 ¢6 do cing, do déo dai trung binh du
dé chiu cac tai trong va dap trong qua trinh st
dung. Thuong dugc sir dung gia cong céc chi
tiét trong co khi va san xuat khuon mau. Thanh
phz‘?m hoa hoc va dac tinh cua thép SKD11 dugc
hién thi trong Bang 1. Kich thudc miu thi
nghiém la: 40 x 25 x 15, Hinh 2.3.

Hinh 2.3. Mdu thi nghiém

Trong nghién clru nay, dién cuc dugc
sir dung 1a dién cuc dong Cadmium (Cu) dé
gia cong vat liéu trén may EDM. Pay la loai
dién cuc dugc su dung phé bién trong gia cong
EDM. Dién cyc nay cé dang thanh tron, nhu
mo ta trong Hinh 2.4, va thong s6 ky thuat duoc
trinh bay trong Bang 2.

T —
i = —

Hinh 2.4. Dién cuc Cu

Bdng 2. Théng s kj thudt ciia dién cuc Cu

Théng sb Gia tri
Kha nang dan nhiét 389W/m°K
Nhiét do nong chay 1100°C
Dan dién 1,64 ohm - cm
Kich thuéc mau 20 mm (@) x 42 mm
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2.4. Thiét ké thwe nghiém dya trén phuwong
phap Taguchi

Nghién ctru cho thiy cac thong sb trén
may EDM anh huéng dén ning suét boc tach
vat liéu MRR, d6 nhdm bé mat R gbm c6: hiéu
dién thé U, cuong do dong dlen I, thoi gian
phong xung T_, thoi gian tat xung T, [7] Tuy
nhién, qua khao sat nhan thay ba thong s6 chinh
anh huong dén nghién ctru nay 1a hiéu dién thé
U, cuong do dong dién I, thoi gian phong xung
T c6 anh huong nhiéu nhat. Ba thong sd nay
dugc chon ba mtc khac nhau, thi nghi¢m dua
trén phap phap Taguchi. Khao sat thuc nghi¢m
trén may EDM cho biét cac mirc dé thuc hién
thi nghiém 1a dai dién dic trung chat luong cho
su anh huong dén ning suit boc tach vat liéu va
d6 nham bé mit. Bang 3 trinh bay chi tiét cac
muc gia tri ctia ba thong s da duoc chon.

Bdng 3. Ba théng sé thi nghiém véi ba mirc

khac nhau
STT | Thongsé | Pomvj | M| Muc| Mic
1 2 3
Hi¢u di¢n | Voltage
: thé U V) 30 | 40 | 50
Cuong
2| dodong Arzf)ere 05 | 1,0 | 15
dién I
3 Thoi gian | Micro- 20 50 %
xung T | seconds

Phuong phap Taguchi giam thiéu su da
dang trong qua trinh thuc hién thi nghiém thong
qua cach thirc nghién ctru ¢6 hé thong. Muc
tiéu chinh cua phuwong phap nay 1 cung cap
su lua chon dé dang cho nguoi thi nghi¢m. Cac
phuong phap phan tich truyén thdng thudng
kho dy doan va phuc tap trong viéc ap dung.
Sd luong thi nghiém can thuc hién s& tang 1én
khi s lugng tham s6 thi nghiém tang. Dé giai
quyét vin d& nay, phuong phap Taguchi sir
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dung cau tric sap xép dic biét voi cac mang dbi
xung, cho phép khao sat toan bo pham vi tham
s6 chi véi mot s6 thi nghiém han ché. Sap xép
mang truc giao dugc xay dung dya trén phuong
phap Taguchi cho cac gid tri mic khac nhau
nhu duoc thé hién trong Bang 4.

Bdng 4. Sdp xép ma trdn truc giao

S6 thi Voltage Current P.ulse on
nghiém ) ) time T,
j (ps)

1 1 1 1

2 1 2 2

3 1 3 3

4 2 1 2

5 2 2 3

6 2 3 1

7 3 1 3

8 3 2 1

9 3 3 2

Khéi luong cta phdi duge can trude
va sau mdi thi nghiém. Phoi, sau khi duogc
lam sach dé loai bo bui va tap chét, duoc kep
¢ dinh trén may EDM (Hinh 2.2). Qu4 trinh
gia cong dién ra khi chi tiét dugc ngdm trong
dung dich dién moi khong dan dién, va dién
cuc duoc ha xuéng cho dén khi tao ra tia la
dién. Trong luong ctia phoi trude va sau khi gia
cong duoc can bang can k thudt s6 o do chinh
x4c 0,01 g. D6 nham bé mit dugc do bang may
Mitutoyo SJ-410 tai Truong Pai hoc Su pham
Ky thuat Hung Yén. D li¢u thu thap tir 9 thi
nghiém dugc sip xép theo ma tran thi nghiém
L9, véi két qua boc tach vat lidu (MRR) va do
nham bé mat (R duoc trinh bay trong Bang 5.
Dua trén dir liéu thu dugc, MRR duoc tinh theo
cong thire (1) [8], trong khi d6 nham bé mit R,
duoc do sau mdi thi nghiém gia cong.

MR = va " Mw (g/phiif) (1)

t

&
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Trong d6: W __— Trong lugng cua phdi
trude luc gia cong (g); W, — Trong luong cua
phoi sau luc gia cong (g); t — Thoi gian may gia
cong (phut).

Bang 5. Dir liéu boc tach vat liéu cia phoi va do
nham bé mat

2.5. Phén tich anh huéng ciia cic thong sb
dén nang suat béc tach vat liéu MRR, do
nham bé mit R,

Dic trung chat luong ti s6 S/N cia
MRR “I1én hon thi tot hon” duoc xac dinh bdi
cong thire sau (2) [9].

Trong Trong 1 7 1
lwgng lwgng S/IN=-10 log = (Z —j) ()
A . .. | MRR R 1,,2
STT phéi ciia phoi (@/min) | ( IIZI) n ¥
truwdce gia | sau gia g H
cong (g) | cong (g) Dic trung chat lugng ti s6 S/N cia R_
1 112.21 111.02 0.052 1.377 “nhd hon thi tot hon” dugc xéc dinh boi cong
thure sau (3) [10].
2 112.26 110.78 0.061 1.782
3 112.24 110.65 0.069 | 3.123 1 "
S/N=-10log—(>. ") 0
4 11212 | 110.68 | 0.062 | 1.746 n <!
5 112.24 110.90 | 0.058 | 2.233 o
p . 11096 | 0.063 | 2.300 beé tong hop so sanh hai chi tiéu MRR
‘ ’ ’ i va R, gia tri S/N dugc chuén héa theo trong
7 112.44 110.97 | 0.064 | 2.437 s6 40% cho MRR va 60% cho R [11]. Bang
16n nhat ung voi céc thi nghiém phan tich bang
9 112.27 110.78 0.065 | 2.750 phin mém Minitab.
Bdng 6. Chudn héa gid tri S/N toi wu ving voi 9 thi nghiém
, | Current| Pulscon | TisbSN | TisbSN ;‘;“;‘i‘ é’/‘;‘ gi';“t";'i‘ :/‘1’;‘ té(ljll;llfz'p
(0 time T, (us)  (MRR) (R) (MRR) (MRR) | S/N téi wu
30 0,5 20 -25.7236 -2.7787 0.000000 0.000000 0
30 1,0 50 -24.244 -5.0182 -0.587842 -0.314853 -0.42405
30 1,5 80 -23.2066 -9.8914 -1.000000 -1.000000 -1
40 0,5 50 -24.2072 -4.8409 -0.602485 -0.289930 -0.41495
40 1,0 80 -24.6925 -6.9778 -0.409676 -0.590361 -0.51809
40 1,5 20 -24.0673 -7.2346 -0.658049 -0.626462 -0.6391
50 0,5 80 -23.8882 -7.7371 -0.729203 -0.697118 -0.70995
50 1,0 20 -24.5638 -5.2348 -0.460802 -0.345308 -0.39151
50 1,5 50 -23.7708 -8.0521 -0.775838 -0.741404 -0.75518
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Phan tich ti s6 S/N nham mo ta cac tic
dong cua cac thong s6 anh hudng dén ning suat
boc tach vat licu (MRR) va dd nham bé mat
(R). Két qua cho thay, anh hudng 16n nhat dén
nang suat boc tach vat liéu (MRR) xay ra khi U
=50 V,1=1,5A, T _ =80 us. Dbi v6i do nham
bé mit (R ), anh hudng 16n nhét xay ra khi U =
30V,1=0,5A,T_ =20 us (Hinh 2.5).

Larger is better Smalleris better

Level uW) 1(A)  MRR (g/min)
1 2439 | -24.61 -24.78 Level vy 1(A) Top (15

2 -24.32 -24.50 -24.07

3 -24.07 -23.68 -23.93
Delta 0.32 0.92 0.86
Rank 3 1 2

Main Effects Plot for SN ratios

i

Hinh 2.5. Anh huong cia cdc thong sé dén MRR
va do nham be mat R_

3. KET LUAN

Trong nghién ctru ndy, ba thong sd clia
may EDM gbém cuong do dong dién, hiéu dién
thé va thoi gian phong xung co tac dong dén ning
suat boc tach vat liéu (MRR) va d6 nham bé mat
(R)) khi gia cong thép SKD11. Két qua tir Bang 6
cho thiy gia tri S/N cao nht 1a gia tri tdi wu tong
hop ctia ca hai thong s6 MRR va R . Trong do,
yéu t6 anh huong 16n nhit 1a cudng do dong dién
1=0.5 A, véi mirc anh huong 1a 78,62%, tiép theo
1a thoi gian phong xung T = 20us v6i mire anh
huong 13 28,35%. Hiéu dién thé U =30V c6 miic
anh hudng nho nhét 1a 3,03%.
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