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TOM TAT

Mai la mét phwong phdp thwong dwoc ding dé gia cong nhitng san pham yéu cau do chinh
xdc cao trong nganh gia céng co khi. Nghién cieu nay thuc hién viéc t6i wu da muc tiéu quda trinh
mai thép SKD11 trén mdy mai phang. Mot qud trinh thi nghiém VGi tong s6 9 thi nghiém dwac thiét
ké bang pthO’ng phap Taguchz da dwoc thuc hién. Tai moi thi nghzem gia tri ba théng s6 cdt da
duge thay doi gom van toc chi tiét, lwong chay dao va chleu sdu cat. Ciing tai moi thi nghzem dd tién
hanh do liwong bon muc tiéu con goi la bon tiéu chi gom nham bé mdt (Ra), thanh phan lyc cdt theo
phirong x (Fx), thanh phan luc cdt theo phwo’ng v (Fy), va thanh phan lyc cdt theo phwong z (Fz).
Phuong phdap ENTROPY di dwoc sir dung dé tinh trong sé cho cdc tiéu chi, trong khi do phwong
phdp RAM da dwoc sir dung dé gidi bai todn toi wu da muc tiéu. Két qua di nhan dwoc gid tri toi
wu ctia vdn toc chi tiét, lwong chay dao va chiéu sdu cat tirong g bang 10 (m/min), 4 (mm/hanh
trinh) va 0.01 (mm). Ung véi nhitng gid tri t6i wu ciia cdc thong sé cat da nhdn dwoc gid tri ciia cdc
muc tiéu Ra, Fx, Fy va Fz tuong iing bang 0.49 (um), 18.4 (N), 15.2 (N), va 28.4 (N).

Tir khéa: Mai phang; Thép SKDI11; Téi wu da muc tiéu; Phwong phip MEREC; Phwong
phap RAM.

ABSTRACT

Grinding is commonly used in mechanical processing to process products requiring high
precision. This study performed multi-objective optimization of the grinding process of SKD11 steel
on a flat grinding machine. An experimental process with a total of 9 experiments designed using
the Taguchi method was carried out. In each experiment, the values of three cutting parameters
were changed, including workpiece speed, feed rate, and depth of cut. Also in each experiment, four
objectives, also known as four criteria, were measured, including surface roughness (Ra), cutting
force component in the x direction (Fx), cutting force component in the y direction (Fy), and cutting
force component in the z direction (Fz). The ENTROPY method was used to calculate the weights for
the criteria, while the RAM method was used to solve the multi-objective optimization problem. The
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results obtained the optimal values of the workpiece speed, feed rate, and cutting depth, respectively
equal to 10 (m/min), 4 (mm/stroke), and 0.01 (mm). Corresponding to the optimal values of the
cutting parameters, the values of the targets Ra, Fx, Fy, and Fz, respectively, are equal to 0.49 (m),

18.4 (N), 15.2 (N), and 28.4 (N).

Keywords: Flat grinding; SKDI1 steel; Multi-objective optimization, MEREC method;

RAM method.

1. GIOI THIEU

Mai 13 mot phuong phap gia cong rit
phd bién trong san xuat co khi [1]. Phuong phap
nay thuong ding dé gia cong nhitng san pham
yéu cau cao vé do chinh xac [2]. Pé tan dung t6i
da nhimg vu diém cua phuong phap mai, viéc
nghién ctru tdi vu qua trinh mai 13 can thiét phai
duoc thuc hién [3]. R4t nhiéu nghién ctu da
duoc thuc hién dé t6i uvu da myc tiéu qua trinh
mai nham dam bao dong thoi nhiéu thong sb
clia qua trinh mai dat duoc gia tri mong mudn.
Trong céc nghién ctru di cong bé ciing cho thdy
cac nha khoa hoc da ap dung nhiéu thuét toan
khac nhau dé giai bai toan t6i vu da muc tiéu
cling nhu di ap dung nhiéu phuong phap khac
nhau dé tinh trong s6 cho cac myc tiéu. Trong
pham vi ctia bai viét nay khong thé tom tit hét
céc nghién ctru da cong bd ma chi xem xét dén
mot s6 nghién ctru thude chu dé nay dugc cong
b trong thoi gian gan day.

Thuat todn Nead-Mean duogc tich hop
trong phan mém DESIGN EXPERT V7.1.3 da
dugc su dung dé t6i wu da muc tiéu qué trinh
mai thép EN-8 nham dam bao dong thoi nhdm
bé mat nho nhét va nang suit loai bo vat liéu
16n nhat, & day trong sb cua hai tiéu chi nham
bé mat va nang suét loai bo vat liéu da duoc
chon bang nhau, tirc 12 bang 0.5 [4]. Trong [5],
thuat todn DEAR cling da duoc sir dung dé tbi
uu da muc ti€u qué trinh mai thép SAE420,
& ddy muc tiéu can toi wu 1a nham dam bao
ddng thoi nham bé mit va rung dong cua truc

chinh may mai theo ba phuong x, y, z cung c6
gia tri nho nhat, trong nghién ctru nay trong sb
clia cac muc tiéu cling da duoc tinh bang chinh
thuat toan DEAR. Hai thuat toan MOORA va
COPRAS da dugc st dung dé tbi vu da muc
tiéu qua trinh mai thép SKD11 nham dam bao
dong thoi nham bé mat co gia tri nho nhat va
nang suit loai bo vat liéu co gia tri 1on nhét, &
day trong sb cua hai tiéu chi nay dd dugc tinh
bang phuong phép Entropy [6]. Thuat toan GA
da dugc str dung dé tdi uu qué trinh mai vat li¢u
pinus sylvestris nham dam bao nham bé mit
c6 gia tri nho nhat [7]. Thuat toan GA ciing da
dugc st dung dé t6i wu da muc tiéu qué trinh
mai thép SKD11, ¢ day trong sé cua ba muc
tiéu gSm nham bé mat, thoi gian mai va dg 1éch
gitta d¢ sau mai thuc té va do sdu mai mong
mudn da duoc chon bang nhau, tirc 1a bang 1/3
[8]. Thuat toan DEAR da dugc sir dung dé toi
uu da muc tiéu qua trinh mai thép AISI 4140
nhim dam bao déng thoi nham bé mat co gia
tri nho va nang suat loai bo vat liéu c6 gia tri
16m, ¢ day trong s6 ctia cac muc tiéu d3 duogc
tinh bang chinh thuat toan DEAR [9]. Thuat
toan TOPSIS da dugc sir dung dé t6i wu da muc
tiéu qua trinh mai thép DIN 1.2379 nham dam
bao ddng thoi nham bé mit, rung dong cua truc
chinh méay mai theo ba phuong x, y, z c6 gia
tri nho nhat va ning sut loai bo vat liéu c6 gia
tri 1on nhét, & day trong s6 cua cac muc tiéu
cling da dugc chon bang nhau, tic 1a bang 0.2
[10]. Trong [11], thuat todan Nead-Mean ciing
da dugc st dung dé tdi vu da muc tiéu qué trinh

mai thép Hardox 500 nhdm dam bao dong thoi F
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nham bé mit cd gia tri nho nhét va ning suat
loai bo vat li€u c6 gia tri lon nhat, & day trong
s6 cua hai tiéu chi nay ciing da dugc chon bing
nhau. Thuat toan PSO da dugc sir dung dé toi
uu da muc tiéu qué trinh mai thép dung cu D2
nham dam bao déng thoi nang sut loai bo vat
ligu 16n nhat va sai s6 kich thuéc nho nhét, &
day trong sé cua hai thong sé nay khong dugc
dinh nghia 1o rang [12].

Viéc tom tit ngan gon mot sd nghién
clru O trén cho thay co nhiéu thudt toan va cac
phuong phap tinh trong s6 khac nhau da duoc
sir dung dé t6i wu da muc tiéu qua trinh mai.
Tuy nhién, duong nhu chua c6 tai liéu nao tich
hop viéc tinh trong sé cho céac tiéu chi bang
phuong phap ENTROPY va thuét toian RAM
dé t6i wu da muc tiéu quéa trinh mai. Khoang
tréng nay di thuc dy nghién ctru nay dugc
thuc hién.

2. VAT LIEU VA PHUONG PHAP
2.1. H¢ thong thi nghi¢m

Mau thi nghiém dugc lam tir thép
SKDI11 cé cac kich thudce dai, rong, cao tuong
mg 1a 40 mm, 25 mm va 8 mm. Thanh phan
héa hoc mot sd nguyén té chinh cua loai thép
nay duogc tong hop trong bang 1. May mai
phang c6 ky hiéu APSG-820/8A do Pai Loan
san xuat da duoc sir dung dé thuc hién cac thi
nghiém. Nham bé mit da dugc do bang may
do d0 nham co6 ky hi¢u SJ-201 do Nhat Ban
san xuat. Cac thanh phan luc da dugc do bang
lyc ké ctia hing KISTLER do Puc san xuét. Dé
giam anh huong cua sai s6 ngau nhién dén két
qua ctia cac phép do, tai mbi thi nghiém da tién
hanh do cac thong sd phan tng (nhdm bé mait
va cac thanh phan luc cat) it nhat 3 lan, gia tri
cac phan tng tai mdi thi nghiém 1a gia tri trung
binh cua cac 1an do lién tiép.

Bdng 1. Cdc thanh phan hod hoc cia thép SKD11

C (%) Si (%) Mn (%) P (%)

S (%) Cr (%) Ni(%) | Mo (%)

1.03 0.23 0.31 0.022

0.022 11.71 0.18 0.92

2.2. Ma tran thi nghiém

Trong qua trinh thi nghiém, tai mdi thi
nghiém di dugc thay d6i ba thong s6 gom véan
tdc chi tiét, lugng day dao, va chiéu sau cit.
Day la ba thong s6 s& dé dang duoc diéu chinh
bo1 nguoi thg van hanh may [13]. Trong qua
trinh thi nghiém, mdi thong sd cit s& thay doi 3
muc gia tri trong ung véi cdc mire ma hoa 1, 2
va 3, nhu trong bang 2. Céc gia tri trong bang 2

duoc chon trén co so tham khéo cac tai li€u lién
quan va dua vao kha nang cong nghé ctia may
thi nghiém duogc stir dung [13].

Ma tran thi nghiém da dugc xay dung
theo dang Taguchi gom 9 thi nghiém nhu trong
bang 3. Pay la dang thi nghiém dugc str dung
phd bién khi tién hanh thi nghiém t6i wu hoa va
da dugc su dung nhiéu trong linh vuc co khi &
thoi gian gan day [13].
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Bdng 2. Cdc théng s6 ddu vao

R P ) o Gia tri tai cac mire
Thong so Don vi Ky hi¢u —
1 2 3
Van toc phdi m/min v 5 10 15
Luong chay dao mm/hanh trinh f 4 6 8
Chiéu sau cat mm t 0.005 0.01 0.015
Bang 3. Ma tran thi nghiém
, . Gia tri ma héa Gia tri that
Thi nghiém . : "
v f t v (m/min) f (mm/hanh trinh) t (mm)
#1 1 1 1 5 4 0.005
#2 1 2 2 5 6 0.01
#3 1 3 3 5 8 0.015
#4 2 1 2 10 4 0.01
#5 2 2 3 10 6 0.015
#6 2 3 1 10 8 0.005
#7 3 1 3 15 4 0.015
#8 3 2 1 15 6 0.005
#9 3 3 2 15 8 0.01

2.3. Két qua thi nghi¢m

Thyc hién cac thi nghiém theo thur tu cia ching trong bang 3, cac dai lugng Ra, Fx, Fy va Fz
da duogc do trong moi thi nghiém. Trong bang 4 da tong hop két qua cia céc thi nghi€ém da thyc hién.

Bdng 4. Két qua thi nghiém

Exp. Théng sé diu vao Piu ra
v (m/min) | f (mm/stroke) t (mm) Ra (upm) Fx (N) Fy (N) Fz (N)
#1 5 4 0.005 0.82 21.7 11.3 27.1
#2 5 6 0.01 0.62 34.5 20.5 24.3
#3 5 8 0.015 0.75 394 16.4 26.2
#4 10 4 0.01 0.49 18.4 15.2 28.4
#5 10 6 0.015 0.51 22.5 20.6 304
#6 10 8 0.005 0.41 29.6 19.8 31.2
#7 15 4 0.015 0.94 31.7 22.7 22.8
#8 15 6 0.005 0.82 32.7 28.6 30.6
#9 15 8 0.01 0.73 28.1 18.4 31.5
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Tir sb liéu trong bang 4 cho thiy Ra ¢
gia tri nho nhat bang 0.41 (um) tai thi nghiém
#6, Fx nho nhat bang 18.4 (N) tai thi nghiém
#4, Fy nho nhét bang 11.3 (N) tai thi nghiém
#1, con Fz co gia tri nho nhit bang 22.8 (N)
tai thi nghiém #7. Nhu véy rd rang khong ton
tai bat ky mot phuong an (thi nghiém) nao ma
dam bao dong thoi ca Ra, Fx, Fy va Fz cing
dat gi4 tri nho nhat. Thay vao do, ta chi c6 thé
xac dinh dugc mot phuong 4n ma ca bon tiéu
chi nay déu duoc coi 1a “nhé nhéat”. Di nhién,
viéc lam do6 cling khong thé thuc hién duoc néu
chi dimg lai ¢ viéc quan sat s6 liéu trong bang
4 ma phai thyc hién xép hang cac phuong an
dé chon dugc phuong an tot nhét. Vi Iy do nay,
thut toan RAM s& duoc sir dung dé xép hang
cac phu:ong an trong nghlen ctru nay, nhung
trude hét can tinh trong s6 cho cac tiéu chi bang
phuong phap ENTROPY.

2.4. Phuwong phap Entropy

Gia str c6 m thi nghiém da thyc hié¢n, tai
modi thi nghiém da do luong n thong s6 dau ra,
goi X; la gid tri cua thong sO ddu ra thr j tai thi
nghlem thir i, véij bang 1 d&nnvai bang 1 d&én
m, viéc tinh trong sé cho cac thong s j bang
phuong phap Entropy dugc thuc hién theo trinh
tu sau [14].

Budc 1: Xac dinh gi4 tri chuan héa cho
cac ti€u chi theo cong thuc (1).

ng = 2 (1)

_'|_ mn
m+ x2
2: ij

i=1

Budc 2: Tinh gié tri ctia d§ do Entropy
cho mdi thong sb j theo cong thirc (2).

g = g[ni}. x In(n;)] - (1—5%) X ln(l —ini}-) )

i=1 i=1

Budc 3: Tinh trong s cho mdi thong sb
theo cong thirc (3).

W= o7
’ ?=1(1 ] )
2.5. Thuat toan RAM
Cac budc dé sir dung phuong phap
RAM dé xép hang cic phuong an nhu sau
RAM [15]:

Budce 1: Tuong tu budc 1 cua phuong
phap ENTROPY.

Budc 2: Chuan hoa s liéu theo cong
thuce (4).

= wm 4)

i=1j

Budce 3: Tinh cac gié tri chuan hoéa cé
xét dén trong so cua cac ti€u chi theo (5).

Yij = Wj ~ Tij (%)
Trong do, W, 14 trong s6 ctia tiéu chi thi j.

Budc 4: Tinh tong diém chuan hoa co
xét dén trong s6 cua cac tiéu chi theo (6) va (7).
Céc chir cai B va C dugc st dung dé ky hiéu
tuong tng cho tiéu chi 1gi nhuan va ti€u chi chi
phi.

Sii=2Xit1V+i If JEB (6)

Si=2Li Vg 1 jeC (7)
Budc 5: Tinh diém ciia tmg phuwong 4n
theo (8).
Rli =

S

J2+54 (8)
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Budc 6: Xép hang cac phuong 4n theo
thtr tu giam dan diém so cua chung.

3. KET QUA VA THAO LUAN
Ap dung cong thirc tir (1) dén (3) da tinh

dugc trong sb cua cac thong s Ra, Fx, Fy va Fz
tuong g la 0.364, 0.208, 0.218, va 0.210.

Ap dung cac cong thire tir (4) dén (8) da
tinh dugc diém sb RIi cua timg thi nghiém nhu
d3 tong hop trong bang 5. Trong cot cudi cung
ctia bang nay ciing da thé hién thir hang cua cac
thi nghiém theo diém s6 cta no.

Bdng 5. Piém s6 va thir hang ciia cdc thi nghiém

Thi nghiém Ra (um) Fx (N) Fy (N) Fz (N) RIi Xép hang
#1 0.82 21.7 11.3 27.1 1.390 4
#2 0.62 34.5 20.5 243 1.389 5
#3 0.75 39.4 16.4 26.2 1.387 7
#4 0.49 18.4 15.2 28.4 1.394 1
#5 0.51 22.5 20.6 30.4 1.391 3
#6 0.41 29.6 19.8 31.2 1.391 2
#7 0.94 31.7 22.7 22.8 1.385 8
#8 0.82 32.7 28.6 30.6 1.383 9
#9 0.73 28.1 18.4 31.5 1.388 6

Nhu véy, két qua tinh toan di xac
dinh thi nghiém #4 13 t6t nhat trong s cac thi
nghiém da thyc hién. Theo d6, gia tri toi wu clia
van tbc chi tiét, lugng chay dao va chiéu sau
cit twong tng 1a 10 (m/min), 4 (mm/stroke) va
0.01 (mm). Khi mai v6i nhitng gia tri t6i uu ciia
ché @0 cét nay thi gid tri cta céc ti€u chi Ra, Fx,
Fy va Fz tuong tng bang 0.49 (um), 18.4 (N),
15.2 (N), va 28.4 (N).

4. KET LUAN

Nghién ciru nay da thyuc hién viéc toi uu
da muyc tiéu qua trinh mai thép SKD11. Thuat
toan RAM va phuong phap trong s6 Entropy
lan duoc tién duoc két hop dé giai bai toan

t6i uu qua trinh mai phang trong nghién ciru
nay. Khi sir dung phuong phap Entropy da tinh
dugc trong s6 cta cac chi tiéu Ra, Fx, Fy va Fz
tuong tmg bang 0.364, 0.208, 0.218, va 0.210.
Str dung thuat toan RAM da xac dinh dugc gia
tri toi wu cta vén toc chi tiét béng 10 (m/min),
cia luong chay dao bang 4 (mm/hanh trinh)
va ctia chiéu sau cit bang 0.01 (mm). Ung voi
nhirng gia tri t6i wu nay cta cac thong sb cat thi
nham bé mit (Ra) va cac thanh phan lyc Fx, Fy,
Fz tuong ung bang 0.49 (um), 18.4 (N), 15.2
(N), va 28.4 (N). %
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