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TOM TAT

Lura chon vit liéu cho dao phay trong gia céng toc do cao déng vai tro quyét dinh dén chat
luvong bé mat, do chinh xdc gia cong, tuéi tho dung cu va hiéu qua kinh . T rong diéu kién cat khdc
nghiét voi nhiét do va ing sudt cao, vt liéu dao can dam bao do cung, kha nang chéng mai mon, do
bén co hoc, dé on dinh héa hoc va tinh kinh té. Do ton tai nhiéu tiéu chi ddnh gid co tinh xung dot,
bai todn lira chon vdt liéu dao phay dwrgc xem la mot van dé ra quyét dinh da tiéu chi (MCDM) phirc
tap. Nghién ciru nay dé xudt mot cdch tié}? cdn ¢6 hé théng trong lwa chon vit liéu dao phay bang
cach xay dung ma tran quyét dinh bao gom cdc phwong dn vit liéu kha thi va cdc tiéu chi danh gla
quan trong. Trong $6 clia cdc tiéu chi dwoc xdc dinh khach quan bang phirong phdp Entropy, nham
giam thiéu sw phu thudc vao danh gia chi quan. Sau do, cac phuong phap MCDM gom Ti OPSIS
COCOSO va PROMETHEE II dwoc dp dung dé xép hang cdc phwong an vit liéu. Két qud xép hang
tir cdc phwong phdp dwoc so sanh nham kiém chitng tinh nhdt quan va dé tin cdy ciia mé hinh dé
xudt. Két qua nghién ciru cho thdy silicon carbide la vit liéu toi wu cho dao phay trong diéu kién
gia cong toc o cao, khi dat thir hang cao nhat mét cach nhdt qudn trong cdc phiong phép danh
gid. Nghién ciru cung cap mét khung phwong phdp ludn tin c¢dy, c6 thé mo réng cho cdc bai todn
lwa chon vat liéu trong linh vuc ky thudt ché tao.

Tw khoa: Vat lieu dao phay, Phuwong phap MCDM; Phwong phap Entropy.
ABSTRACT

Material selection for milling cutters in high-speed machining plays a decisive role in surface
quality, machining accuracy, tool life, and economic efficiency. Under severe cutting conditions
characterized by high temperatures and stresses, tool materials must ensure hot hardness, wear
resistance, mechanical strength, chemical stability, and cost-effectiveness. Due to the presence
of multiple conflicting evaluation criteria, the problem of selecting milling cutter materials is
considered a complex multi-criteria decision-making (MCDM) issue. This study proposes a
systematic approach to milling cutter material selection by constructing a decision matrix that
includes feasible material alternatives and relevant evaluation criteria. The weights of the criteria
are objectively determined using the Entropy method to minimize reliance on subjective judgments.

Subsequently, MCDM methods including TOPSIS, COCOSO, and PROMETHEE are applied to =~
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rank the material alternatives. The ranking results obtained from these methods are compared to
verify the consistency and reliability of the proposed model. In addition, sensitivity analysis and
rank correlation coefficient tests are conducted to evaluate the stability of the results. The findings
indicate that silicon carbide is the optimal material for milling cutters in high-speed machining,
consistently achieving the highest ranking across different evaluation methods and sensitivity
scenarios. The study provides a reliable methodological framework that can be extended to other
material selection problems in manufacturing engineering.

Keywords: Milling cutter materials; MCDM methods; Entropy method.

1. GIOI THIEU

Trong thiét ké va san xuit co khi, lua
chon vat liéu phu hop 1a yéu t6 then chdt nhim
dap tmg dong thoi yéu cau ki thuat va hiéu qua
kinh té. Quyét dinh lya chon vat liéu khong
chinh xac c¢6 thé dan dén hu hong chi tiét, suy
giém hiéu suét 1am viéc va gia ting chi phi san
xudt [1]. Bai toan lya chon vt liéu mang tinh
phirc tap do phai dong thoi xem xét nhiéu tiéu
chi danh gia c¢6 xu huéng mau thuin 14n nhau,
dién hinh nhu sy danh doi gitra hiéu suat va chi
phi, gitra do bén co hoc va mat do vat liéu hodc
gita d¢ cimg va do dai va dap [2]. Do yéu cau
vat liéu phu thudc vao diéu kién ung dung cu
thé, viéc xac dinh phuong an ti wu doi hoi mot
cach tiép can co hé thong nham can bang cac
yéu tb co hoc, cong nghé va kinh té [3].

Trong linh vuc ché tao, gia cong cit got
kim loai 1a mot cong doan quan trong dé tao
ra san pham c6 hinh dang va kich thudc mong
mudn. Cac phuong phap gia cong nhu tién,
phay va khoan dugc stir dung rong rai tuy thude
vao déc tinh vat liéu va yéu cau ky thuat cua chi
tiét. Trong do, gia cong phay bang dao nhiéu
ludi cat dong vai trd quan trong trong nhiéu
nganh cong nghiép. Pic biét, trong diéu kién
gia cong tdc do cao va gia cong vt liéu co do
ctng 16n (=50 HRC), dao phay phai chiu nhiét
do cao, luc cit 1on va ung suét co—nhiét phuc
tap [4]. Khi d6, vat liéu dao phay can dam bao
d6 cung, kha nang chdng mai mon, d6 bén co

hoc, tinh 6n dinh héa hoc va kha niang duy tri
dd sic cua ludi cat trong thoi gian dai. Viéc lya
chon vat li¢u dao phay phu hop c6 anh hudng
tryc tiép dén tudi tho dung cu, chat lugng bé
mat gia cong, do chinh xéc kich thudc va nang
suét san xuat. Tuy nhién, khong t6n tai mot loai
vat liéu don 1é ndo co6 thé dong thoi dap tng t6i
wu tit ca cac yéu cau nhu da néu trén. Do do,
bai toan lgya chon vat liéu dao phay dugc xem
12 mot van dé ra quyét dinh da tiéu chi (Multi-
Criteria Decision Making — MCDM)), trong d6
can xem xét dong thoi nhiéu tiéu chi danh gia
mang tinh méu thuan. Trong nhitng nim gan
day, cac phuong phap MCDM da dugc ap dung
rong rai trong cac bai toan lya chon vat li€u va
t6i uu héa k¥ thuat. Nhiéu nghién ctu di su
dung cac phuong phap nhu AHP [5], TOPSIS
[6], VIKOR [7] dé lua chon vat liéu cho cac
ung dung khac nhau. Bén canh do, phuong
phap Entropy duoc sir dung dé xac dinh trong
sO tiéu chi mét cach khach quan, giam thiéu
anh huong ctia yéu t6 chu quan trong qué trinh
danh gia [8]. Cac phuong phap xép hang nhu
TOPSIS, COCOSO va PROMETHEE dugc
danh gia cao nho kha nang xur 1y hiéu qua céc
bai toan c6 nhiéu tiéu chi va phuong 4n canh
tranh. Tuy nhién, cdc nghién ctu so sanh va
danh gia dong thoi cac phuwong phéap ndy trong
bai toan luya chon vat li¢u dao phay cho gia
cong tdc d6 cao van con han ché.

Xuat phat tir khoang trong nghién ciru
néu trén, bai bdo nay dé xuat mot mo hinh
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danh gia nham lwya chon vat liéu tdi wu cho
dao phay trong diéu kién gia cong téc do cao.
Trude hét, mot ma tran quyét dinh duoc xay
dung dua trén cac phuong an vat liéu kha thi va
cac tiéu chi danh gia quan trong lién quan dén
d6 cing, kha nang chéng mai mon, do bén co
hoc, tinh 6n dinh va chi phi. Trong s6 cac tiéu
chi duoc xac dinh bang phuong phap Entropy
nham dam béo tinh khach quan. Sau d6, cac
phuong phap MCDM goém TOPSIS, COCOSO
va PROMETHEE II dugc 4p dung dé Xép hang
cac phuong an vat li¢u. Két qua thu dugc dugce
so sanh dé danh gia tinh nhat quan va do tin cay
cua md hinh.

2. PHUONG PHAP VA VAT LIEU
2.1. Phwong phap TOPSIS

TOPSIS 12 mot phuong phép MCDM
dua trén nguyén 1y: phuorng an t6i vu 1a phuong
an c6 khoang cach gan nhit voi nghiém 1y
tuong duong va xa nhat voi nghiém 1y tudng
am. Phuong phap nay dac biét phu hop vdi cac
bai toan lua chon vat liéu khi ton tai nhiéu tiéu
chi loi ich va chi phi dong thoi. Gia sir c6 m
phuong an A, (i = 1 2, .,m), n ti€u chi C g=
1 2, .n). Ma tran quyét dinh ban dau c6 dang

[xij]mxn, trong do X; la gia tri cua phuong an
1 theo ti€u chi j. Céc tiéu chi dugc phan thanh:
tiéu chi loi ich co gia tri cang 16n cang tbt va
tiéu chi chi phi c6 gi tri cang nho cang tbt. Cac
bude thuc hién ctia TOPSIS dugc mod ta nhu
sau:

Budc 1: Chuan hoa ma tran quyét dinh.
TOPSIS sir dung phuong phap chuan hoa véc
to:

_ w’zzix?} M

Bude 2: Xay dung ma tran chuan hoa
co trong sO. Gia su trong so cua ti€u chi j la W,

voi:
Tt
Z w; =1 2)
j=1
Ma tran chudn héa c6 trong so:
Vi =W - Ty 3)

Budce 3: Xéac dinh nghiém 1y tudng
duong va am.

Nghiém Iy tudng duong A" dugc cho béi:
=l v, v 4

Trong do: V*— max(v ) néu CJ la tiéu
chi loi ich, V mln(v ) néu C 1a ti€u chi chi

phi.
Nghiém ly tuédng am A~ dugc cho boi:
A ={v{,v,,...,0 } (5)
Trong do: v = mm(VJ) néu CJ la ti€u chi
loi ich, v’ rnax(v ;) néu C la tiéu chi chi phi.

Budc 4: Tinh khoang cach dén nghiém
1y tudng. TOPSIS xac dinh khoang cach Euclid
dén nghiém ly tuwéng duong:

St = JZ;—Zl( Vij— ”j+)2 (6)

Khoang cach dén nghiém 1y tuong am:

= JZ;—:l( vy — v )? (7

Budc 5: Tinh hé sb gén ding. H¢ sb gén
dtng duogc cho boi:
L

E )

L staso

Phuong an c6 0 <C, <1 16n nhit duoc
xem 1a phuong an tbi uu.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 340, thang 4 nim 2026 RE!

cokhivietnam.vn



NGHIEN CUU - TRAO DOI

2.2. Phwong phap COCOSO

COCOSO la phuong phap MCDM dya
trén nguyén 1y két hop giita mo hinh tong co
trong s6 va mo hinh tich co trong s6. Phuong
phap ndy nham khic phuc han ché cua timg
mo hinh riéng 1¢ va tao ra mot chi s6 danh gia
thoa hiép co tinh 6n dinh va do tin cay cao hon.
COCOSO dac bi¢t phu hop trong cac bai toan
Iya chon vat li¢u khi ton tai nhiéu tiéu chi danh
gia c6 tinh mau thuén va yéu cau danh gia tong
hop toan dién. Cac budc thyc hién phuong
phap COCOSO dugc mo ta nhu sau.

Budce 1: Chuan héa ma tran quyét dinh.
COCOSO sir dung chudn hoéa tuyén tinh nhur
sau:

Vi tiéu chi loi ich:

xj—minx;

Tij - maxx}-—minx}- (9)
Vi tiéu chi chi phi:

_ maxx;—x;
Tij = (10)

ma};x}-—minx}-

Budc 2: Tinh tong ¢6 trong s6 va tich co
trong so6. Tong co6 trong sO cho moi phuong an
duoc cho boi:

n
Si = ] 'i-"l-} Tij (11)
ZJ=1

Tich ¢ trong s cho mdi phuong an
duoc cho boi:

P = [T_,(r)™ (12)

Bu6c 3: Tinh ba chi sb thoa hiép.
COCOSO xay dung ba dang ham thoa hi¢p
(dang cong, dang tuwong d6i, dang két hop c6
tham sé). Dang cong dugc cho baoi:

S;+P;

Kia =5m cim) (13)
Dang tuong d6i duoc cho bai:

5 Pj
Km B mins; + minF; (14)

Dang két hop c6 tham sb A (thuong lay
A =0.5) dugc cho boi:
K. — A5+H{1-A)P;
te AmaxS;+(1j,1}mang

(15)

Budc 4: Tinh chi s6 danh gia téng hop.
Chi s6 COCOSO cudi cung cho phuong an i:

1
K; = 3 (Kig + Kip + Ki) (16)

Phuong én ¢6 gia tri K, 16n nhit dugc
xem la phuong an toi uu.

2.3. Phuong phap PROMETHEE 11

PROMETHEE 1I sir dung dong chay
rong dé xac dinh thirhang dy di ciia cac phuong
an. Phuong phéap dua trén so sanh tung cap
phuong an theo tung ti€éu chi. PROMETHEE
IT phu hop trong céc bai toan lya chon vat liéu
k¥ thuat khi can xé4c dinh thi ty vu tién o rang
gitta cac phuong an canh tranh. Céc budc thuc
hién PROMETHEE II dugc mo ta nhu sau.

Budc 1: Tinh d§ chénh 1éch gitra céac

phuong 4n. Vi mdi cip phuong an A vaA,
xac dinh:

di; (i, k) = x5 — Xy (17)
Néu tiéu chi 1a chi phi thi:

di; (i, k) = X5 — xy5 (18)
Budc 2: Xay dung ham uu tién. Do

chénh I¢ch dij(i,k) dugc chuyén thanh mirc do
uu tién thong qua ham wu tién:
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(i, k) = F(dy;(i, k)),0 < Py(i,k) < 1

Budc 3: Tinh chi sé wu tién tong hop.
Mtrc d6 phuong an A, vuot troi hon A, dugc
cho béi:

(i, k) = Zn W B, 0< (0, k) < 1(19)
i

Budc 4: Tinh dong chay uu tién:

Dong chay duong phan anh muc do
phuong an A, vuot trdi so voi cac phuong an
khac va duogc cho boi:

¢t =—— Y, Gk ()

Dong chay am phan &nh muc d¢ phuong
an Ai bi cac phuong an khac vuot trdi va duoc
cho boi:

() =—2,.mki) @

Budc 5: Tinh dong chay rong:

¢(i) =¢" (D) - ¢~ (D), -1 < ¢(i) <1(22)
Phuong an c6 gia tri ¢(i) 16n nhat duogc
xem 1a phuong an tbi uu.

3. KET QUA VA THAO LUAN

Nghién ctru xem xét danh gia bay loai
vat liéu tiém ning dung cho dao phay trong diéu
kién gia cong téc do cao, bao gdm: tungsten
carbide, cubic boron nitride (CBN), cermet,
silicon carbide (SiC), silicon nitride (Si,N,),
cemented carbide (WC—Co) va thép dung cu
luyén kim bot (PM tool steels). Mdi loai vat
liéu so hiru nhitng dac tinh co—nhiét riéng biét,
phu hop véi cac diéu kién gia cong khac nhau.
Cac vat liéu duoc danh gia dua trén chin tiéu
chi gdbm: gi6i han chay (YS), mé dun dan hoi
(YM), d6 bén nén (CS), do din nhiét (TC), do
cimg (H), d6 bén va dap (IS), mat do (D), hé
s6 gidn nd nhiét (CTE) va chi phi (C). Ma tran
danh gia dugc mo ta trong Bang 1.

Bang 1. Ma tran danh gia [9-11]

CTE
N YS YM CS TC D C
Vatlieu | vipay | (GPa) | (MPa) | (wimk) | T HK) IS o) Ifl”“é/) ($/kg)
Tungsten
carbids (A1) | 330 690 | 4975 98 1387 | 134 15 6.5 60
Cubic boron
niride (A2) | 481 850 | 6900 13 5000 | 05 8.6 4.8 864
Cermet (A3) | 1324 | 600 | 6150 60 1276 | 135 | 14.95 4.6 78.6
Silicon
carbide (Ad) | 21000 | 410 | 3900 120 2800 | 3.97 3.1 4 9.63
Slhc‘(’gg)mde 525 310 | 2900 31 3110 | 0.12 | 3.44 32 78.39
Cemented 500 | 593 | 4405 80 1250 28 15.1 4.7 76
carbide (A6) ’ '
PM'E‘:;)Steel 1975 | 220 | 2190 22 754 65 74 11.4 1.65

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 340, thang 4 nim 2026 BELE]

cokhivietnam.vn



NGHIEN CUU - TRAO DOI

Tir ma trdn danh gia trong Bang 1 c6 thé nhan thiy sy khac biét dang ké gitra cac phuong an

vat liéu theo tung ti€u chi.

Bdng 2. Két qua gid tri tinh todn cia phirong phdp Entropy

Tiéu chi Ky hiéu Gia tri entropy Do phén tan

Gi6i han chay YS (C1) 0.842 0.158
Mb dun dan héi YM (C2) 0.918 0.082
Do bén nén CS (C3) 0.801 0.199
Do dan nhiét TC (C4) 0.889 0.111
Do cling H (C5) 0.772 0.228
Do bén va dap IS (C6) 0.865 0.135
Mat do D (C7) 0.934 0.066
Hé sé gidn né nhiét CTE (C8) 0.941 0.059
Chi phi C(C9) 0.857 0.143

(H) va d6 bén nén (CS). Nguoc lai, PM-tool

. steel (A7) co chi phi thap nhit nhung lai han

; ché vé d6 cting va do bén nén. Piéu nay cho

?im théy khong tdn tai mot vat liéu nao chiém wu

g0 thé tuyét ddi trén tat ca cac tiéu chi, do d6 can

o0 ap dung phuong phép ra quyét dinh da tiéu chi

dé xac dinh phwong an t6i wu tong hop. Tir ma

TEE T T tran & Bang 1, phuong phap Entropy dugc ap

Hinh 1. Trong s6 ciia cdc tiéu chi theo phwong dung nhim xéc dinh trong s khach quan cho

phap Entropy

Vi du, silicon carbide (A4) c6 gia tri
gidi han chay (YS) va do dan nhiét (TC) cao
vuot trdi so voi cac vat liéu con lai, trong khi
cubic boron nitride (A2) ndi bat vé do cling

chin tiéu chi danh gia. Qua trinh tinh toan bao
g6m chuan hoa ma tran, xac dinh gia tri entropy
cua tirng ti€u chi va tinh mare d6 phan tan thong
tin (Bang 2). Két qua trong sb cua cac tiéu chi
duge mo ta trén Hinh 1. Két qua xép hang duoc
thé hién trén Bang 3.

Badng 3. Két qud xép hang cdc phwong dn

Phwong an Vit li¢u TOPSIS COCO0SO PROMETHEE II
Al Tungsten carbide 6 6 6
A2 Cubic boron nitride 2 2 2
A3 Cermet 4 4 4
A4 Silicon carbide 1 1 1
A5 Silicon nitride 5 5 5
A6 Cemented carbide 3 3 3
A7 PM-tool steel 7 7 7
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Béang 3 trinh bay két qua so sanh tha
hang cac phuong &n vat li¢u dao phay theo ba
phuong phap ra quyét dinh da tiéu chi gom
TOPSIS, COCOSO va PROMETHEE II. Két
qua cho thay su nhit quan hoan toan gitra cac
phuong phap, khi tht ty xép hang cua bay
phuong an khong thay ddi trong ca ba mé hinh.
Silicon carbide (A4) dat thir hang cao nhét trong
tat ca cac phuong phap, cho thay tinh vuot troi
tong hop cua vat lidu nay xét trén céc tiéu chi co
hoc, nhiét va gia thanh. Két qua nay phan anh
kha ning can bang tdi wu gitra dd cting cao, kha
nang dan nhiét t6t va chi phi hop 1y. Sy 6n dinh
cua vi tri A4 trong ca ba phuong phap khang
dinh tinh bén viing ctia phuong an t6i wu va
dd tin cay cia mo hinh danh gia. Cubic boron
nitride (A2) va cemented carbide (A6) lan luot
xép thir hai va thir ba trong toan bo cac phuong
phap. Mic da CBN c6 vu thé vuot troi vé do
clng va do bén nén, chi phi cao lam giam murc
d6 wu tién tong hop. A6 thé hién su cin bang
t6t gitta ¢ bén va tinh kinh té nhung khong
dat muc t6i uu tong hop nhu A4. PM-tool steel
(A7) xép hang thap nhat. Mic du co chi phi
thip va do bén va dap cao, vat liéu nay khong
dap tng tot cac tiéu chi co hoc quan trong nhu
do ctmg va d6 bén nén, vén dong vai tro quyét
dinh trong gia cong toc do cao.

4. KET LUAN

Nghién ctru ndy di dé xuit mot khung
phuong phap méi nham Iya chon vat liéu dao
phay t6i wu cho diéu kién gia cong toc do cao
dwa trén cach tiép can MCDM. Ma trén danh gia
duoc xay dung véi bay phuong an vat li¢u va
chin tiéu chi co—nhiét—chi phi phan anh tuong
d6i day du yéu cau lam viéc cta dao phay trong
moi truong cat khiac nghiét. Trong s cac tiéu
chi duoc x4c dinh khach quan bang phuong
phap entropy, qua d6 giam thiéu anh hudéng cua
yéu t6 chil quan trong qua trinh danh gia. Két
qua cho thay cac tiéu chi co hoc nhu do cliing va

d6 bén nén dong vai tro chi phdi trong qua trinh
lwa chon vat liéu. Ba phuong phép xép hang
gém TOPSIS, COCOSO va PROMETHEE I
duogc ap dung dé xac dinh thtr hang cac phuong
an. Két qua xép hang cho thdy su nhat quan hoan
toan giita cac phuong phép, khiang dinh tinh 6n
dinh va d¢ tin cdy cua mo6 hinh dé xuat. Silicon
carbide (SiC) dugc x4c dinh 1a vat liéu t6i wu cho
dao phay trong gia cong toc do cao nhd sy két
hop hai hoa giita do cimg cao, kha ning dan nhiét
t6t, mat do thap va chi phi hop 1y. Cac phuong
an nhu cubic boron nitride va cemented carbide
cling thé hién hiéu suét cao nhung bi han ché boi
yéu t6 chi phi hoidc su mét can bang gitra cac tiéu
chi. Pong gop chinh ctia nghién ciru nam ¢ viée
tich hop phuong phép xéac dinh trong sé khach
quan véi cac k¥ thuat xép hang MCDM nham
xay dung mot quy trinh danh gia toan dién, co
kha ndang mo rdng cho cac bai todn lya chon vat
lidu trong linh vuc cong cu cat va ki thuat ché
tao ndi chung. Trong cac nghién ctu tiép theo,
md hinh ¢ thé dugc md rong bang cach tich
hop dit li¢u thuc nghiém vé mai mon va tudi tho
dung cu, ap dung cac phuong phap MCDM mo
dé xur 1y tinh khong chic chan hoidc két hop vai
céc thuat toan hoc may nham nang cao kha ning
du bao va toi wu hoa trong mdi trudng san xuét
thong minh. <
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