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NGHIEN CUU ANH HUONG CUA MOT SO THONG SO
CONG NGHE DEN NHAM BE MAT THEP SKD11
TRONG GIA CONG XUNG DINH HINH SU DUNG DIEN CUCDONG

INVESTIGATION IN INFLUENCE OF SOME TECHNOLOGY PARAMETERS ON SUFACE ROUGHNESS

OF SKD11 STEEL IN ELECTRIC DISCHARGE MACHINING

TOM TAT

Gia cong tia Ita dién (Electrical Discharge Machining - EDM) la mét trong
nhitng cong nghé rdt phd bién trén thé gidi hién nay, ng dung gia cong cac vat
liéu cling da qua x( Iy nhiét trong nganh san xuat khuon mau. Toi uu hda cic
thong s6 cong nghé dau vao vdi chi tiéu dau ra cu thé nao d6 nhan duoc su quan
tdm cla cac chuyén gia trong linh viic EDM. Trong bai bao nay trinh bay viéc t6i
uu hda do nham bé mat (suface roughness) bang phuong phap Taguchi véi 4
thong so cong nghé dau vao la cuong do dong dién (I); dién ap khe hé phong
dién (U); thai gian phdng dién (T,n); thai gian ngling phong dién (Tox), mot thong
50 dau ra 1a dd nham bé mat chi tiét gia cong (R,). Ma tran truc giao L25 trong
phuong phép Taguchi dugc st dung dé thiét ké thi nghiém. Két qua da chi ra
rang, bo thong s6 toi uu cla bai toan don muc tiéu gia cdng thép SKD11 trong
EDM 13 1 = 1A; Ty, = 50ps, T = 12p15; U = 30V da lam giam dang ké thai gian va
chi philam thi nghiém.

Tir khoa: Mdy xung dién, thép SKD11, nding sudt bc tdch vit liéu.

ABSTRACT

Electrical Discharge Machining (EDM) is one of the very popular
technologies in the world today, applying heat-treated hard materials in the
mold manufacturing industry. Optimizing input technology parameters with
specific output criteria has received the attention of experts in the field of EDM.
In this paper presents the optimization of surface roughness by Taguchi method
with 4 input technology parameters: amperage (I); discharge gap voltage (U);
discharge time (Ton); discharge dwell time (T), one output parameter is the
work piece surface roughness (R,). The orthogonal matrix L25 in the Taguchi
method was used to design the experiment. The results showed that, the
optimal parameter set of the single-objective problem of steel processing
SKD11 in EDM is | = 1A; Ton = 50ps, Tos = 12ps; U = 30V has significantly
reduced the time and cost of doing experiments.

Keywords: EDM, SKD11 tool steel, material removal rate.
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1.DAT VAN BE

Gia coéng tia lfa dién EDM (Electrical Discharge
Machining) la phuong phap gia cong vat liéu dan dién
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bang cach st dung nang lugng nhiét cla tia Ira dién dé
lam nong chay va béc hoi vat liéu gia cdng c6 dé cling cao.
Phuong phéap nay cé nang suat khong cao, dé lai trén bé
mat chi tiét gia cong I6p trdng c6 d6 cliing khac vai I6p kim
loai nén [1].

Bai bdo nay nghién ctu st dung chi tiéu nham bé mat
R. d€ t6i uu hda 4 théng s6 cdng nghé dau vao gém |, U,
Ton Tot. Phuang phap Taguchi dugc sir dung dé thiét ké thi
nghiém va t6i uu hoa trong gia cdng EDM, gia céng thép
SKD11 da xur ly nhiét, st dung dién cuc dong (copper).
2. THIET BI THU'C NGHIEM

Thi nghiém dugc thuc hién trén mdy xung dién CM
323C (Pai Loan) tai Trudng Pai hoc Cong nghiép Ha Noi
(hinh 1). Thép lam khuén SKD11 dé nhiét luyén dat d6 cing
58 - 62HRC c6 kich thudc 20x20x20mm (hinh 2). Bién cuc
déng (copper) dudng kinh @16, chiéu dai 35mm (hinh 2).
Dung dich dién moi dau D323. Do d6 nham bé mat chi tiét
gia cong bang may do d6 nham SV 2100 san xuat tai Nhat
Ban (hinh 3). Thuc hién 3 1an do trén méi mau phéi, va két
qua nham bé mat la gia tri trung binh cda 3 lan do.

Hinh 1. Médy xung dién CM 323C
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Hinh 3. Mdy do d6 nham SV - 2100
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3. XAY DUNG QUY HOACH THUC NGHIEM

Lua chon ma tran thiét ké thi nghiém trong Taguchi phu
thudc vao sé luong thong sé cong nghé va cac muc clia no 2 5 5
dugc khao sat [2, 3, 6, 7, 8]. Trong nghién ctu nay, bon Bang 3. Thong so trong ma tran thi nghiém
thf?)ng s6 cér‘wg nghé (U, |, Ton va Tox) anh huéng I~c'm nhat A B C D
dén nham bé mat dugc lua chon vai 5 muc clia méi théng
s6 (bang 1). Bac tu do clia ma tran thi nghiém 1a 16. Nhu 1(A) U Ton () Toe ()

W (N = (s = U WwWw N W N (=N [(=u (s wuv
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vay, bang thiét ké thi nghiém ctia Taguchi phu hgp véi 1 1 30 18 9
nghién cru nay la L25. Qua trinh thuc nghiém dugc tién ) 1 40 2 12
hanh v&i ma tran thuc nghiém nhu bang 2; cac thong sé
trong ma tran bang 3. 3 ! 20 37 18
Cac théng sé thuc nghiém: 4 théng s6 dau vao; 5 muc. 4 ! 60 50 5
Bang 1. Cac thong s6 dau vao va miic clia cac thong so > 1 70 I£) 37
Mic A B C D 6 2 30 25 18
7 2 40 37 25
1(A) U Ton (is) Torr () 3 2 % % -
1 1 30 18 9
2 2 40 25 12 ? 2 %0 & ?
3 3 50 37 18 10 2 70 18 12
4 4 60 50 25 1 3 30 37 37
5 5 70 75 37 12 3 40 50 9
Bang 2. Ma tran thi nghiém 13 3 20 & 12
14 3 60 18 18
T A B C D
™ i . . 15 3 70 25 25
(A) v) on (1) off (HS) 16 4 30 50 1
1 1 1 1 1
17 4 40 75 18
2 1 2 2 2
18 4 50 18 25
3 1 3 3 3
19 4 60 25 37
4 1 4 4 4
20 4 70 37 9
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21 5 30 75 25
22 5 40 18 37
23 5 50 25 9
24 5 60 37 12
25 5 70 50 18
Bang 4. Két qua thi nghiém
Exp 1(A) U Ton(s) | Tor(us) | Ra(um)
1 1 30 18 9 0,705
2 1 40 25 12 0,588
3 1 50 37 18 0,668
4 1 60 50 25 0,641
5 1 70 75 37 0,601
6 2 30 25 18 1,316
7 2 40 37 25 1,240
8 2 50 50 37 1,143
9 2 60 75 9 1,068
10 2 70 18 12 1,263
1 3 30 37 37 1,536
12 3 40 50 9 0,983
13 3 50 75 12 1,080
14 3 60 18 18 1,680
15 3 70 25 25 1,570
16 4 30 50 12 1,081
17 4 40 75 18 1,363
18 4 50 18 25 2,668
19 4 60 25 37 2,295
20 4 70 37 9 1,561
21 5 30 75 25 1,645
22 5 40 18 37 2,896
23 5 50 25 9 1,805
24 5 60 37 12 1,695
25 5 70 50 18 1,855

4. KIEM TRA DO TIN CAY CUA SO LIEU THi NGHIEM

D( liéu thi nghiém phai dugc kiém tra do sai léch va
muc dé phu hgp cla ching. Két qua kiém tra s6 liéu duoc
thé hién & cac hinh 4 va hinh 5 (s dung phan mém
Minitab18 [4] d& phan tich).

Hinh 4a, 5a so sanh véi phan b8 chudn cho thay cac
diém s6 liéu phan b6 theo mét dudng thang, c6 gia tri
ngoai lai nhung khéng dang ké. Diéu nay chiing té s6 liéu
phan bé binh thudng va khong cé su sai léch nao trong s6
liéu. Hinh 4b, 5b la su phan bé s6 du ngau nhién céc s6 liéu
trén hai phia ctia dudng 0, cac diém phan bé ngau nhién,
khéng theo quy luadt ching t6 dir liéu y da nhan khéng bij
anh hudéng bai cac yéu té diéu khién cé quy luat nao khac
ngoai x. Hinh 4c, 5¢ thé hién tan suat xuat hién cac s6 du.
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Phan nhé cao clia cac cét phan bé trén hinh chi ra do sai
léch cua cac két qua. Khodng cach gitia cac cot phan bo chi
ra nhiing gia tri ngoai lai clla cac két qua xuat hién trong
cac gia tri thuc nghiém va s d6 d lieu khéng thé hién bat
ki mot xu hudng phan bé chudn ndo. Vi vay, cac gia tri cla
s0 liéu dugc khao sat theo mé hinh thiét ké thi nghiém cta
Taguchi la phu hgp. Hinh 4d, 5d la so d6 s6 du cla cac thi
nghiém, khdo sat theo tha tu thi nghiém dé tim ra 16i
khéng ngdu nhién. Cac diém phan bé ngdu nhién khong
theo quy luat, ching té di liéu y da nhap khéong bij anh
hudng bai cac yéu t6 thai gian.
Biéu dd s6 du ty s6 S/N

a) Do thi xde sudt phan phdi chuén b) So sanh sy phit hop
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b) Su phén bo 56 du
d) S6 du clia cac thi nghiém

a) So sanh vdi phan bd chudn
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Hinh 5. D4 thi thong ké so du trung binh ca R,

5. PHAN TiCH ANH HUGNG CUA CAC THONG SO PEN
NHAM BE MAT

Phan tich ANOVA tri s6 clia R, vGi d6 tin cdy 90% dugc
thé hién trong bang 5 va 6. Thong s6 c6 gia tri F I6n sé ¢
anh huéng manh dén két qua dau ra. Bang 5 cho thay
cudng dé dong dién (F = 103,34) anh hudng manh nhat
dén R,, sau d6 dén thai gian phong dién To, (F = 16,79), ti€p
dén la To (F = 9,54), anh hudng yéu nhat dén R, la U
(F =1,23). Bang 6 c6 anh hudng cha cac théng s6 dén R, la:
1=57%; Ton = 21%; Totr = 16%; U = 6%.
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Bang 5. ANOVA gid tri R,

Théng s6 DF SS V F P
1 (A) 4 278,362 69,5904 103,34 0,000
U(B) 4 3,314 0,8285 1,23 0,371
Ton (C) 4 45,217 11,3043 16,79 0,001
Tt (D) 4 25,689 6,4221 9,54 0,004
L6 8 5,387 0,6734
Téng cong 24 357,969
Bang 6. Muic d9 anh hudng cla cac thong so dau vao dén R,
Muic | ] Ton Tost
1 3,8877 -1,6153 -4,2515 -1,2768
2 -1,6028 -1,8066 -2,8072 -0,6688
3 -2,5343 -2,3956 -2,1086 -2,2887
4 -4,5948 -2,6028 -0,6385 -2,9541
5 -5,7278 -2,1517 -0,7661 -3,3836
Chénh léch 9,6155 0,9875 3,6130 2,7148
Xép hang anh hudng 1 4 2 3
Anh huéng chinh ty sb S/N
u Ton Toff

00

-50

Gia trj trung binh ty 1& S/N

1 2 3 4 5 30 40 50 60 70 18 25 37 50 75 9 12 18 25 37
Nh6 hon I t6t hon

Hinh 6. Anh hung clia cac thong s6 dau vao dén ty s6 S/N clia R,

Anh huéng clia cac thong s6 dén R, dugc thé hién hinh
6. R, tang déu khi | tang ti 1 - 5A, khi cudng d6 dong dién
tang dan dén nang lugng xung tiang, phoi bi ndng chay va
béc hoi tang, ndng sudt tdng nén d6 nham tang. R, I6n nhat
khi | = 5A; Thai gian phéng dién tang ti 18 dén 75us R,
gidm déu, vi néu chu ky gia céng khéng thay ddi
(Ton/(Ton+Tor)) thi téng thai gian phéng dién trong mot don
vi thai gian khéng thay déi, ma To, tdng lam cho kha nang
réia phoi kém hon dan dén MRR gidm, nén R, giam; Thoi
gian ngiing phéng dién tang tir 9 dén 37us thi MRR co ban
tang do kha nang rlia thoat phoi tang Ién, dan dén R, tang;
Pién ap khe ha anh huéng it nhat dén R,.
6. TOI UU HOA R, THEO PHUONG PHAP TAGUCHI

Déc trung ty s6 S/N cla R, la: “Thap hon thi tét hon”,
dugc xac dinh bai cong thuc [3]:
(S/N)ig=-10log(MSD,5) (1)
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Trong d6: MSD, :lny
ris
MSDyg: Sai léch binh phuong trung binh;

ny : Téng binh phuong tat cd két qua cda méi thi

i=1
nghiém.

Bang 7 va chi ra cac két qua ANOVA tri s6 S/N cua R,
vGi khoang tin cdy 90%. So sanh tri s F tinh toan cla
cac théng s6 vai F bang cho thay: cuong doé dong dién
(F=29,38), Ton (F =9,08), Tort (F = 5,53) la nhiing théng sé c6
anh hudng manh dén ty sé S/N cla R, (bang 8). Thong sé
con lai ¢6 anh hudng yéu dén ty s6 S/N clia R, (hinh 7).

Bang 7. ANOVA tri sd ty s6 S/N clia R,

Thongsé | DF SS v F P
I(A) 4 5,5280 1,38201 29,38 0,000
U (B) 4 0,1634 0,04085 0,87 0,523
Ton (C) 4 1,7078 0,42695 9,08 0,005
Tt (D) 4 1,0407 0,26018 5,53 0,020
L6i 8 0,3764 0,04705
Tongcong | 24 8,8164
Bang 8. Mt d6 anh hudng cla cac thong s6 dau vao dén ty s6 S/N cla R,
Muic [ ] Ton Tost
1 0,6406 | 1,2566 | 1,8424 1,2244
2 1,2060 | 1,4140 | 15148 1,3514
3 1,3698 | 1,4728 | 1,3400 1,3764
4 1,7936 | 14758 | 1,3206 1,5528
5 1,9792 | 1,3700 | 1,1514 1,6942
Chénh léch 1,3386 | 0,2192 | 0,7018 0,5528
Xép hang anh hudng 1 4 2 3
Anh hwéng chinh gid tri trung binh
l - U I Ton Tott
4" f‘f \"\. »
2w/ e | N il
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Hinh 7. Anh huéng clia céc thong s6 dau vao dén R,

Gia tri t6i uu dugc udc tinh bdi cac théong sé c6 anh
huéng manh va dugc xac dinh theo cong thuc [3]:

Ratsiwu=A1+C+ D, - 2T (2)
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Trong d6:
T: Tri s6 trung binh clia dac trung khao sat (nham bé
mat Ra);

A, C4, D2: Tri s6 trung binh tai cac muc Ay, Cs, Dy;
A:: R, v6i cudng d6 dong dién 1A, A1 =0,641um (bang 8);
Ca: R, vGi thoi gian phat xung, C, = 1,321um (bang 8);

D.: R, VvGi thai gian nglng phat xung, D, = 1,35Tum
(bang 8).

25 25 25
D SR+ SR, + > SR,
_ =1 i=1

T =l =1,397um (3)
75

Thay s6:

Ratsivu = 0,641 + 1,321 41,351 - 2x1,397 = 0,519um

- Thuc nghiém kiém chuing tién hanh vai phoi SKD11 da
XU ly nhiét, véi cudng do dong dién 1A; Ton =50us, Tor = 12ys;
U = 30V. Két qua R, = 0,56um. Vay su sai léch giira két qua
tinh toan va két qua thuc nghiém chi la 7,3%. Ching t6 mé
hinh tinh toan hoan toan cé6 thé du doéan dugc R..
7. KET LUAN

Trong nghién cdu nay, 4 thong s6 cdng nghé xung tia
Itia dién thép SKD11, bang dién cuc dong da dugc t6i uu
héa don muc tiéu, véi chi tiéu 1a nham bé mat R.. Bé théng
s6 cong nghé t6i uu la | = 1A; Ton = 50us, Ter = 12us;
U = 30V. Tri s6 t&i uu ctia R, = 0,519um. Anh hudng ctia cac
thong s6 dén R, la: | = 57%; Ton = 21%; Tor = 16%; U = 6%.
K&t qua trén chiing t6 phuang phap Taguchi dé thiét ké thi
nghiém va t8i uu héa don muc tiéu c6 thé rat hiu hiéu
trong linh vuc gia cong EDM.
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