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TOM TAT

Dé nghién ctru dnh huéng cua két cau vi mé, ndng cao hiéu suét cdp ma sét ctiia bom pit téng huéng
truc kiéu dia nghiéng, lra chon cdp ma sét géi trurot- dia nghiéng lam déi tuong nghién ciru. Bai bdo phéan
tich va danh gia dnh huéng cac théng sé hinh hoc cda két cau vi mé dén kha néng chiu tai va hé sé ma
sét trong diéu kién lam viéc &p cao. Ung dung phuong phép Taguchi xay dung ma trén thuc nghiém va
phuong phéap quan hé mo xam (GRA) dé phén tich mirc d6 dnh hudng clia céc théng sb két cau vi mé
dén kha nédng chiu téi va hé s6 ma sét. Tién hanh phéan tich mé phdng, so sanh véi cdp ma sét nguyén
méu khéng duoc bé tri két cau vi mé, tir d6 danh gia vé kha néng chiu tai va hé sé ma sét cla cdp ma
sét goi truot-dia nghiéng.

Tw khoa: géi truot-dia nghiéng, tai trong, hé sé ma sét, két cau vi moé, Taguchi xédm, téi uu hoa.

1. DAT VAN BE

Trong hon ntra thé ky qua, cac nghién ctu vé
két cAu bé mat (“van”, “hoa van” bé mét-surface
texture) da dat dwoc nhivng bwdc tién dai trong van
dé cai thién kha nang chéng mai mon cda dung
cu gia cong, cai thién kha nang chdng mai mon va
cai thién tinh nang bdi tron va lam kin cla cac cap
ma sat trong cac thiét bj co khi. Day ciing 1a mét
trong nhirtng phwong phap hiéu qua dé nang cao
kha n&ng chiu luc bé mat, cai thién dac tinh ma sat
bé mat va kéo dai thoi gian st dung clia cap ma
séat. Trong qua trinh gia céng két cu vi mo bé mat,
cac thong sb hinh hoc ctia két cAu nhw dwdng kinh,
chiéu sau, mat d6 phan bd 1a nhirvng yéu tb anh
hwéng trwc tiép dén kha nang chiu tai va déc tinh
chéng ma sat mon. Do d6, phan tich anh hwéng
ctia mot sé yéu td cong nghé dén kha nang chiu tai
va hé sb ma sat ciia mang dau khe hé gitra cac cép
ma sat la vd cung can thiét hién nay.

Taguchi 1a mét phwong phap t6i wu hoéa thuc
nghiém dwoc dwa ra b&i Taguchi [1, 2]. Hién nay,
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phwong phap duoc st dung phd bién trong thiét ké
cbng nghiép. Theo phuwong phap Taguchi mét loat
cac thi nghiém dwogc thwe hién theo cac bang truc
giao dwoc Taguchi dwa ra dya trén nguyén tac 1a
cap trang thai ctia cac yéu td didu khién trong hai
cot bat ki co xac suat xuat hién nhw nhau. Vé&i mot
bd tham sb gia cong két cAu vi md (hinh dang két
cAu, chidu sau va mat dd phan bd), yéu t6 dau ra
can quan tam la kha n&ng chiu tai va hé sb ma sat
ctia méi trwerng hop. Trong d6, méi yéu té can quan
tam dwoc mé phéng nhac lai nhiéu lan dé dam bao
sy phan anh chinh xac méc anh hwédng clia cac
yéu t6 cong nghé dén dau ra can quan tam. Mot
sb tac gid da st dung phan tich Taguchi [3, 4, 6, 7]
xac dinh mrc d6 anh hwdng cuia cac yéu té cong
nghé dén ham muc tiéu, nhuwng cac ham muc tiéu
va ham bién lai dwoc xay dwng béng cac phuong
phap truyén théng.

Phuong phap phéan tich quan hé xam (GRA-
Grey Relational Analysis) la mét phwong phap
thdng ké hiéu qua dé danh gia mirc do tiém can
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gitra cac déi twong bang cach st dung cap quan
hé xam. N6 duoc phat trién boi Deng va cac cdng
sw [8] va da duoc (rng dung thanh céng trong nhiéu
[inh vire khac nhau [9, 10]. Mrc d6 théng tin trong
phan tich mbi quan hé xam gilp qua trinh ra quyét
dinh dwoc dé dang hon trong céac tinh hudng kho
khan [11, 12]. Phuwong phap nay da duoc cai tién
va phat trién thanh phan tich méi quan hé mé xam
(FGRA- Fuzzy Grey Relational Analysis). Day la
mot phwong phap tiép can dwa trén mot hé thdng
m& dwoc phat trién dwa trén cac hé sb va mic
quan hé xam. Mé hinh nay xem xét t4t ca cac tiéu
chi khac nhau, bao gébm ca sw khéng chac chan vé
trong s6 va tam quan trong cla céc tiéu chi.

Xuét phat tlr nhivng phan tich trén, bai bao nay
tac gid dwa ra hwéng nghién ctu nham tim ra
nhirng nhan té tadc dong chinh anh hwéng dén hé
s6 ma sat va kha nang chiu lwc cia mang dau cép
ma sat. Dwa trén thuat toan phan tich mé xam két
hop v&i phan tich Taguchi ing dung trong phan
tich anh hwéng cla cac théng sé hinh hoc két
céu vi mé dén tinh nang cap ma sat gbi truot-dia
nghiéng cla bom pit tdng hwéng truc.

2. NOI DUNG NGHIEN CclU

2.1. Gi&¢i thiéu khai quat vé phwong phap
Taguchi xam

Téi wu héa mét muc tiéu thuwéng dwoc lwa chon
st dung vi thuat gidi don gian va thwong cho [oi
gidi twong minh. Tuy nhién, hau hét cac lya chon
(hay quyét dinh) gap trén thuc té phai thda man
ddng thoi khéng phai mét ma mét sé tiéu chi, trong
d6 c6 nhivrng tiéu chi mau thuén nhau. Trong nhirng
trworng hop d6, lwa chon téi wu (TU) déng thoi xét
dén mot sb tieu chi dwoc goi la TU da muc tiéu
(MOOP- Multi-Objective Optimization).

Bai toan TU da muc tiéu chinh la bai toan TU
tbng quat, dwoc phat biéu nhu sau:

Cuec tiéu héda ham muc tiéu (a) véi cac diéu kién
rang budc (b).

minyz[y(x)...yz(x):lT (a)

g =[g1 (x).gm (x)]T <0
£(x)=4h=[h(x)h,(x)] =0 ®

X in Sxgxmax

mi

. T . X
Trong d6,x =[x,...x,..x,| la vec to cac bién

dau vao (Input), ciing 1a bién diéu khién (Control
T

Variable); y:[yl...yj...yz] la vec to muc tiéu,

moi ham biéu dién mét tiéu chi TU; trong (b), 1an

lwot 1a rang budc dang bat dang thirc, dang dang
thire va diéu kién bién. Néu (a) chi c6 moét ham muc
tiéu y(x) duy nhat (z=1) thi c6 mé hinh TU’ mét muc
tieu. Nhw vay, TU mot muc tiéu la trwong hop riéng
clia TU tbng quat, khi s ham muc tiéu 1a 1.

Dich cubi cung cta TU la chon ra dwgc mot
nghiém tbi wu. Bai toan TU’ da muc tiéu cé mot tap
hop cac nghiém tbi wu va khéng cé nghiém nao
la t6i wu tuyét ddi, nén nghiém cubi ciing sé duoc
chon theo quan diém cta nguwoi ra quyét dinh.
Quan diém chon thé hién m&c wu tién gitra cac
tiéu chi, nhw mot thong tin bd sung. Theo phwong
thirc dwa ra théng tin bd sung, xuat hién 3 nhom
phuwong phap: (1) Bwa ra trwéc khi TU; (2) Pua ra
sau khi TU' va (3) Bwa ra trong khi TU'. Bai bao nay
trinh bay mét trong cac phwong phap thuéc nhém
(1): Phwong phap Taguchi xam va ng dung cla
né vao TU lwa chon cac théng s hinh hoc trong
phan tich &nh huéng ctia nhom két cu vi mé dbi
v&i hé sd ma sat va kha nang chiu tai ctia cap ma
sat gbi trwot-dia nghiéng ctia bom pit tdng hwéng
truc kiéu dia nghiéng (250CY14-1B).

Trong ly thuyét théng tin, ngwoi ta thuwong dat
ra cac quan hé tuyét déi, thudc hai thai cuc (nhw 1
va 0; trdng va den), dwa vao dé dé danh gia cac sw
vat, hién twong. Trén thuc té, cac quan hé kiéu do
hau nhw khéng tdn tai, ma thwdng gap cac quan
hé gilra hai thai cwc dwgc goi la cac quan hé xam.
T6i wu moét muc tiéu la TU tuyét déi, trong do tiéu
chi dwgc chon dat mie tot nhat (t6i wu), con cac
tiéu chi khac hoan toan khéng dwoc xét dén. Trong
TU da muc tiéu, nghiém ti wu khong thé dap tng
t6t nhat moi tiéu chi, ma méi tiéu chi chi nhan dwoc
gia tri ndm gitra mrc t6t nhat va mirc xau nhét,
nén dwoc goi 1a TU xam. Tén day dd cua noé la
TU dwa trén phan tich quan hé xam (GRAO- Grey
Relatinonal Analysis Based Optimization).

Phuwong phap Taguchi dwgc ing dung kha réng
réi trong TU cac théng sb cong nghé, khi div liéu
dau vao la sb liéu roi rac, k& ca khong phai dang
sb. Tuy nhién, Taguchi nguyén gbc chi gidi dwoc bai
toan TU mét muc tiéu. Phwong phap Taguchi xam

CONG NGHIEP MO, SO 6 - 2022 i



{;‘ CO KHi VA CO PIEN MO

NGHIEN CPUVATRAODOI

két hop phwong phap Taguchi v&i phan tich quan
hé xam, cé thé dung trong TU da muc tiéu. Tén
day da la Phwong phap Taguchi dwa trén phan tich
quan hé xam (Taguchi Based on Grey Relatinonal
Analysis). Thuat gidi Taguchi xam khong phirc
tap 1dm, nhét Ia khi st dung kém cac phdn mém
chuyén dung nhw Minitab, Design Expert...

2.2. Lwa chon, phan tich tinh nang cap ma
sat goi trwot- dia nghiéng nguyén mau

Cac thong sb chinh, cu tric chi yéu clha cap
ma séat gbi trwot-dia nghiéng clia mau nghién ctu
thé hién trong Bang 1 va Hinh H.1.

Dé& nang cao hiéu qua tinh toan va dam bao do
chinh xac cla két qua mé phéng, cap ma sat gbi
trwot- dia nghiéng bom pit tdng hwéng truc loai
(250CY14-1B) dwoc tién hanh chia nhd, va lwa
chon 1 trong sb 7 gbi trwot dai dién cho nhém gbi
trwot (Hinh H.1) dé tién hanh phan tich va thiét 1ap
diéu kién bién tuan hoan tai bé méat phan chia.

Bang 1. Théng sd ki thuat bom pit téng hudng truc loai

250MCY14
T Thong sé ky thuat Ponvi Giatri Ghichu
1 Apsuétlam viéc MPa 31,5
2 Tanso quay truc chinh r/min 1500
3 Bankinh phan chia pit tong mm 58
4 Dudng kinh dau tron pit tong mm 35
5 S0lugng pit tong - 7
6  GOcléch dia nghiéng - 18
7 Dudng ,kI'I'IAh 16 cdp dau boi tron nm 15
trong pit tong
8 C[liéy dai 16 cap dau béi tron trong nm 35 55
pit tong
9 Mat do dau thay luc kg/m* 8725
10 Donhét (%fé) 115.10¢
11 DG nhét dong hoc Pa.s 0,155

S dung Fluent Meshing trong Ansys Fluent dé
tién hanh chia lwdi da dién phan chia mé hinh, tbng
sb6 phan t& lwéi trong mé hinh hiru han khoang
134487, sb nat khodng 167238, trong dé trén 98%
chét lwong lwéi trén 0,5um, nhé nhét 1a 0,35um.
Nhap céac théng sb phan tich trong Bang 1 vao
Ansys Fluent dé tién hanh phan tich, sau cung thu
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duwoc biéu d& md phéng ap suat mang dau phan
bd trén mat day va phan bd ap suét ngoai cac ranh
lam kin cta cla cép ma sat gdi trwot-dia nghiéng
nguyén mau nhuw trong cac Hinh H.2a, H.2b.
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H.1. Két cau hinh hoc cap ma sat géi trugt-dia nghiéng bom pit tong

Két qua cho thay, kha nang chiu tai va hé sé ma
sat ciia mang dau khe hé ctia cdp ma sat, lan lwot
la: 12044342,11 Pa; 0,00397 Pa.
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H.2. Ap suat phan bd trén bé mit cap ma st géi trugt

a- phdn bd dp sudt bé mdt ddy; b- phdn b dp sudt ngoai ranh lam kin
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H.3. Hinh dang don nguyén cau triic vi mé dang tam giac can cifa mé hinh tron
a- hinh 3D; b- hinh chiéu bdng; c- mdt cdt

2.3. Ung dung phwong phap Taguchi xam
trong t6i wu héa thong sé hinh hoc két cau vi mé

2.3.1. Xay dwng va toi wu héa théng sé don
nguyén két cau vi mé

Thiét ké thwc nghiém Taguchi la mét phwong
phap dwoc st dung phd bién trong khao sat cac
thong sb dau ra ca qua trinh céng nghé thu dwoc
tlr cac thong sb dau vao theo nhiéu yéu td va muirc.
Phwong phap nay dwoc ap dung thanh céng cho
nhiéu Iinh vwec khac nhau nham muc dich tiét kiém
thoi gian, tién bac va thu dwoc cac théng sb tbi
wu. Chia khéa ctia cach tiép can nay la tao ra mét
bang thiét ké tryc giao trén co s& cac yéu td va
murc tac dong dwoc diéu tra. Cac yéu té dwoc xem
xét trong qua trinh danh gia anh hwédng cda né
dén kha nang chiu tai va hé s6 ma sat, bao gdbm
dwong kinh clra mé, chiéu sau két cu, mat do
phan bé két clu trén dién tich mat day cia gbi
trwot, nhw dwoc mo ta trén

Can c» vao mot s6 nghién clu va qué trinh
nghién clru kiém tra khdo sat mot sé don nguyén
vi m6 ¢c6 ctba mé hinh tron bién dang tron, tru, tam
giac can, tam giac goc Iéch (nhirng nghién ctru lién
quan) [4, 5, 6, 7]... nhan thdy don nguyén két cau
vi mo dang tam giac can véi cira mé hinh tron co
hé s6 ma sat va kha nang chiju tai tét hon, do dé
trong nghién ctru nay tac gia di sau vao giai quyét
bai toan tbi wu vé&i don nguyén vi md dang tam giac
can, véi thong sd don nguyén két ciu vi md bé mat
nhw sau: dwong kinh ctra mé d = (200+600)um; do
sau h = (50+300)um; mat do phan b két ciu A =
(20+100)%

Bang 2. Théng sd hinh hoc thuc nghiém anh huéng kha nang chiu
tdi va hé so ma sat

I Pudng kinh Do sau Méat d6 phan bo
D (um) H (um) A (%)
1 200 40 0.2
2 300 80 0.4
3 400 120 0.6
4 500 160 0.8
5 600 200 1.0
Vgl 2 o B oy
i cha vt T B rghing
[ ]
L L] o
o) 3 e

H.4. Cap ma sat gdi truot-dia nghiéng

2.3.2. Két qua phan tich anh hwéng cia mét
s6 théng sé hinh hoc dén kha nadng chiju tai va
hé s6 ma sét cua két cau vi mé bé mat

M6 hinh két cAu vi mé véi cac théng sb khac
nhau dwgc moé phdéng bang phdn mém Ansys
Fluent. Lwdi mé phdng va diéu kién bién gidng
nhw diéu kién lam viéc thyc té. Chi tiéu danh gia td
hop céc théng sb, chang han nhuw sir dung phwong
phap phan tich truyén thdng thi can 5° = 3125 bd thi
nghiém, nhwng s dung bang thi nghiém tryc giao
dé thiét ké thi nghiém tryc giao thi chi can 25 b thi
nghiém dé thu dwoc kha ndng chiu tai mang dau.
Su két hop tham sb ctia hinh dang 6 don vi twong
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Bang 3. Két qua phan tich anh hudng thong so hinh hoc cia két cau vi mé dén kha nang chiu tai
va hé s6 ma sat clia cap ma sat goi trugt-dia nghiéng

Thong sé hinh hoc Két qua thi nghiém
Thinghiém Duong kinh Do sdu Méat d6 phan bé Tai trong Hé s6 ma sat
D (um) H (um) A (%) (Pa) (ut)
1 200 40 0,2 12134107 0,003792661
2 200 80 0,4 12122724 0,003798233
3 200 120 0,6 12116295 0,003797579
4 200 160 0,8 12106143 0,003800059
5 200 200 1,0 12116074 0,003796213
6 300 80 04 12177339 0,003781709
7 300 120 0,6 12210586 0,003771946
8 300 160 0,8 12248512 0,003758075
9 300 200 1,0 12158969 0,003783755
10 300 40 0,2 12212302 0,003768992
1 400 120 0,6 12423880 0,003710756
12 400 160 0,8 12216850 0,003762985
13 400 200 1,0 12274737 0,003747809
14 400 40 0,2 12217866 0,003769559
15 400 80 04 12337794 0,003738120
16 500 160 0,8 12400788 0,003709417
17 500 200 1,0 12521272 0,003679306
18 500 40 0,2 12372633 0,003725660
19 500 80 04 12586854 0,003573745
20 500 120 0,6 12257819 0,003750000
21 600 200 1,0 12915166 0,003567290
22 600 40 0,2 12595991 0,003563837
23 600 80 0,4 12318598 0,003730824
24 600 120 0,6 12540910 0,003672356
25 600 160 0,8 12738885 0,003527305

(ng v&i hé sb ma sat co thé lam gidm dang ké thoi
gian tinh toan mé phéng. Trong bai bao nay, bang
thwe nghiém tryc giao theo phwong phap Taguchi
L25 (5°) dwoc st dung d& moé phéng, va 25 bo
két qua md phdng cudi cung thu duwgc nhw trong
(bang 3).

Két qua thwe nghiém Taguchi L25(5°) nhw thé
hién trén Bang 3 cho thdy kha nang chiu tai trong
clia mang dau tang 1én rd rét va hé sé ma sat cla
bé mat dwoc bb tri két cAu vi md giam manh. Hinh
H.3 va Hinh H.4 thé hién két qua thi nghiém cac
trudng hop theo cac diéu kién dau vao nhuw duwong
kinh, do sau va mat dé phan bd khac nhau twong
&ng v&i kha ndng chiu tai va hé sb ma sat. Két
qua cho thay, khi v&i ap lwc vao va ap luc ro lot |a
nhw nhau cho ra kha n&ng chiu tai va hé sb ma sat
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twong (rng v&i cac diéu kién két cAu hinh hoc va
mat dé phan bd khac nhau la khac nhau.
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H.3 Dé thi biéu dién su thay ddi tai trong caa cac thi nghiém
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H.4. D6 thi biéu dién su thay ddi gia tri hé s6 ma sat clia cac thi nghiém

Khi so sanh mrc dd anh huéng gitra thong sé
hinh hoc, do sau két ciu va mat d6 phan bé két cau
vi mé nhan thay, trong cuing mét diéu kién lam viéc
v&i cac thong sb cdng nghé khac nhau cho thay
kha nang chiu tai, hé sé ma sat cia mang dau giira
khe h& cap ma sat ciing rat khac nhau va duoc thé
hién trong (Béang 4)

Voi: K, K,,, K., K,,, K, 1an luot dai dién cho
gia tri trung binh ctia ap suat mang dau trong méi
cép cla 3 yéu t6 anh hwéng, R, 1a pham vi sai léch
ap suat mang dau; K, , K,,, K., K, K,, dai dién gia
tri trung binh ctia hé sb ma sat trong & méi cap cuia

cac yéu té anh hwédng, va R2 1a pham vi sai léch
cla hé sb ma sat.

Qua phan tich sb liéu trong Bang 4, c6 thé thay
réng, khi coi kha nang chiu tai mang dau la chi tiéu
danh gia thi thdy dwéng kinh ctia két cAu vi mé hinh
tron la tham s anh hwéng quan trong nhét trong 3
tham s, va sw két hop téi wu gitra 3 tham sé Iuc
nay la A5B3C2; twong tuw khi coi hé s6 ma sat 1a chi
tiéu danh gia, thi do sau két cau vi mo |a tham sé
anh hwéng quan trong nhét trong 3 tham sb, va sw
két hop tbi wu gitra 3 tham sé Itc nay 1a A5B2C5.
DPéng thoi, ¢ thé thay rang th& tw chinh yéu cla
cac tham s anh hwéng dén kha nang chiu tai cta
mang dau |a: tham sé A (dwdng kinh két cAu vi md)
> yéu t6 C (mat dd phan bb két ciu vi mo) > yéu td
B (d6 sau két cAu vi mo); thir tw chinh yéu cla cac
tham s anh hwdng dén hé sé ma sat |a: yéu t6 B
(86 sau cau vi mo) > yéu t6 C (mat do phan bd két
cau vi md) > tham sd A (dwdng kinh két ciu vi mo).

T Bang 4 ta c6 db thi dwdng cong &nh huéng
clia 5 cAp do cla tirng tham sb anh huéng dén kha
nang chiu tai va hé sé ma sat cia mang dau, nhw
trong cac Hinh H.5 va H.6.

Bang 4. Thii tu chinh yéu anh huéng clia cac thong sé dén kha nang chiu tai va hé s6 ma sat cia mang dau cap ma sat géi trugt-dia nghiéng

Thi nghiém Duong kinh Do sau Mat do
(R) (B) (8]
K, 12119068,6 12306579,8 12217268,6
K, 12201541,6 12308661,8 12394262,2
K, 122942254 12397243,6 12354331,4
K, 12427873,2 12342235,6 12310292,2
K, 12621910,0 12309898,0 12388464,4
R, 5028414 90663,8 176993,6
Thi ty chinh yéu A>C>B
Phuong an t6i uu A5 B3 Q
K, 0,003796949 0,003744142 0,003764045
K, 0,003772895 0,003714875 0,003739361
K, 0,003745846 0,003740527 0,003731092
K, 0,003707626 0,003731568 0,003720615
K, 0,003652322 0,003744526 0,003720525
R, 0,000144627 0,000029652 0,000043519
Thit ty chinh yéu B>(>A
Phuong an t6i uu A5 B2 (&)
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H.5. Biéu d6 anh huéng clia cic tham s két cau vi mé
dén kha nang chiu tai

Hi »

Cibe vidu i dink hisirmg

H6. Biéu d6 anh hudng cia cac tham s6 két ciu vimd
dén hé s6 ma sat

2.4. Thiét ké t6i wu hoa tham sé hinh hoc két
cau vi mod

Trong bai bao nay, viéc thiét ké t6i wu hoa anh
hwéng cla cac tham sb két ciu vi mé dwoc thuc
hién théng qua ly thuyét hé xam. Phan tich quan hé
xam la phwong phap str dung mirc d0 quan hé xam
dé nghién ctru va xac dinh mirc d6 twong tac gitra
cac yéu td khac nhau trong hé théng hodc mirc do
anh huéng cla tirng yéu té dén hanh vi chinh cla
hé théng. Phuwong phap phan tich nay khéng nhay
cdm véi s lwong mau va mau cé thwdng xuyén
hay khéng, né cé nhiéu (ng dung va qua trinh tinh
toan dwoc don gian héa va tinh gon, rat thuan tién,
ludn théng nhét tét gitra két qua dinh lwong va két
qua phan tich dinh tinh.

2.4.1. Bwéec phéan tich

Néu sb phan t&r can khao sat 1a m, va cé n chi
tiéu danh gia, thi méi gia tri thudc tinh clia cac chi
tiéu danh gia twong (rng véi tivng t hop phuong
anla x, (k), trong doie[1, m]; ke [1,n], khi d6 ma

L3 CONG NGHIEP MO, SO 6 - 2022

tran so sanh dwoc viét nhw sau:

X, x@  x(2) x,(n)
X = )fz _ X, (1) X, (2) X, (”) 1)
x, | %1 x,(2) x,, (1)

Do don vi va kich thwdc ciia mdi chi tieu danh
gia thworng khac nhau, nén khéng thé so sanh duoc
véi nhau, do vay can phai tién hanh chuan hoa
tirng chi tiéu can c thudc tinh gia tri ctia tieng chi
tiéu khac nhau, théng thudéng cé bdn chi tiéu chuan
hoa, bao gdm chi tiéu loi ich, chi tiéu gia thanh, chi
tiéu khoang thoi gian va chi tiéu loai ¢b dinh, dwoc
bién ddi dwa trén pham vi nao dé. Cac sb liéu do,
cling la tiéu chi TV, & day (kha nang chiu tai va hé
s6 ma sat) cé thir nguyén, mién gi¢i han va chiéu
bién thién khac nhau. Sau khi dwgc chuan héa, sb
liéu khéng thr nguyén, gi¢i han trong khoang [0, 1]
va “lén tét hon”

Déi véi tiéu chi loi ich, tire 1a dang “Ién tét hon”
& day la (kha nang chiu tai) ta co:

__x (k) —minx, (k)
Vi (k) max X, (k) —miny, (k)

)
Déi v&i tiéu chi gia thanh, tic l1a dang “nhd tét
hon” & day la (hé s6 ma sat) ta co:

R
)= s (k) —min x, (k)

©)

Trong d6: i=1,2,...n- sd th& tw thi nghiém,
n=25; k=1,2...m- théng sb do, k=2(khd nang
chiu tai va hé sb ma sat)

Trong cac chi tiéu danh gia trén, chi tiéu lgi ich
thudc chi sé ty 1& thuan, tie 1a khi gia tri ctia né ting
I&n thi két qué muc tiéu tét hon; chi tiéu gia thanh
thudc chi sb ty 1& nghich, tirc 1a khi gia tri cta no
tang 1én thi két qua muc tiéu té hon hay néi cach
khac chi tiéu cang nhé sé cang tbt; chi tiéu ¢b dinh
khéng co yéu cau tuyét dbi vé gia tri clia chi tiéu loai
trie, mién la gia tri cha n6 dao ddng trong mot pham
vi gia tri cu thé hoac gia tri cia n6 gan vé han véi
mot gia tri cu thé, thi d6 la chi tiéu tét nhét; chi tiéu
vé khoang th&i gian can phai thda man rang gia tri
clia né nam trong moét pham vi nhéat dinh ctia mot
khoang thoi gian nhat dinh hodc tiép can vé han véi
mot khoang nhét dinh, d6 1a mét chi tiéu tét hon.
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Bang cach bién dbi va thay d6i ma tran quyét
dinh [X] béng céach chon loai chi tiéu thich hop, co

thé thu dwoc ma tran chuan hoa Y (y,), . khéng thiv
nguyén, cu thé la:
w1 () 7 (n)
p |0 ) () “
Y1) 3, (2) - 3 (n)

Ma tran tham chiéu 1& mét tieu chudn tham
chiéu ly twédng vé& mat ly thuyét, thong thuweng néd
bao gdm gié tri cao nhat (gia tri I&n nhat ho&c thap
nhét) ctia mdi chi sé do lwdng trong hé théng danh
gia, va cac thwdc do khac tét nhat cho muc tiéu
toan dién cta hé théng cé thé cling dwoc lya chon
két hop véi tinh hinh thwc té, goi la:

Y =[5 (1) »(2) - »(n)] (5)

2.4.2. Tinh hé s6 quan hé xam (hé s6 xam)

Hé s6 xam hay hé s6 quan hé xam (Grey
Relational Coeficient) thé hién khoang cach gitra
gia tri chuan bj dang xét va gia tri Ii twéng.

_ minly, (k) =y, (0)] + p, - max |y, (k) -y, (k)|

(k)=
) vy (k) =y, (k)| + p, - max|y, (k) = y, (k)|
k=1,2--n ®)
Trong do:

|va: (k) = v/ (k)| 13 gia tri tuyét d6i cda sai léch
gitra cac gia tri chuan dang xét va gia trj Ii twéng:

Ay, (k) =y (k)= 3] (k)| (6)

P, - duwoc goi la hé s6 phan biét (Distinguishing
Coeficient) gitip cho hé s6 xam phan bb déu nhau hon,
0<p, \* MERGEFORMAT<1 thwdng 1ay bang 0,5.

Bang 5. Thiét ké thuc nghiém theo Taguchi L25 (5°) va két qua anh hudng ctia cac yéu té dén kha nang chiu tai va hé so ma sat caa cap
ma sat gdi trugt-dia nghiéng

Mang truc giao
o (su két hop yéu t6 va miic d6)
Thi nghiém Dudng kinh Do sau
D (um) H (pm)
1 1 1
2 1 2
3 1 3
4 1 4
5 1 5
6 2 2
7 2 3
8 2 4
9 2 5
10 2 1
1 3 3
12 3 4
13 3 5
14 3 1
15 3 2
16 4 4
17 4 5
18 4 1
19 4 2
20 4 3
21 5 5
22 5 1
23 5 2
24 5 3
25 5 4

Két qua thi nghiém
Méat @6 phan bé Tai trong Hé s6 ma sat
A (%) (Pa) (nt)
1 12134107 0,003792661
2 12122724 0,003798233
3 12116295 0,003797579
4 12106143 0,003800059
5 12116074 0,003796213
5 12212302 0,003768992
1 12177339 0,003781709
2 12210586 0,003771946
3 12248512 0,003758075
4 12158969 0,003783755
4 12217866 0,003769559
5 12337794 0,003738120
3 12423880 0,003710756
2 12216850 0,003762985
1 12274737 0,003747809
3 12372633 0,003725660
4 12586854 0,003673745
5 12257819 0,003750000
2 12400788 0,003709417
1 12521272 0,003679306
2 12595991 0,003663837
3 12318598 0,003730824
4 12540910 0,003672356
5 12738885 0,003627305
1 12915166 0,003567290
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Khi ma tran tham chiéu bao gdm gia tri t6i wu
hoéc gia tri x4u nhat cia méi chi tiéu, mét phwong
phéap tinh toan hé sb quan hé xam (5) don gian hon
va cai tién co thé dwoc stir dung khi tinh toan hé sb
twong quan, do la:

e min|y, (k) =y, (k)| + p - max|y, (k) - y, (k)|
’ [ () = 3, (k)| + p - max| y, (k) = ; ()|

k=1,2n (7)

Khi d6 ma tran phan doan quan hé xam sé la:

a1 () & (n)
§= {;2(1) §2(2) ‘ ;2(71) (8)
&u(1) €,(2) - ¢, (n)

T cac phwong trinh (5) (6) ta c6 phwong trinh
rut gon cho biéu thire quan hé xam nhu sau:
S
()= 0 A
AOi (k) + QAmax

2.4.3. Tinh toan thr tw quan hé xam

min

©)

Dé tinh toan thr tw twong quan cua tirng t6 hop
tham s6, trwdc tién can xac dinh trong sé cla tirng
chi tiéu danh gia. C6 rat nhiéu phwong phap dé xac
dinh trong sb, bao gébm phwong phap can bang,
phwong phap gia tri Entropy, phwong phap trong s
CRITIC, phwong phap phan tich trng phan AHP,...
Ngoai ra, cling con co sw két hop cla cac phwong
phap trong s khac, bao gébm phwong phap trong
sb két hop entropy-AHP va phwong phap trong sb
két hop CRITIC-AHP,... Téng hé sb twong quan
cla cac chi tiéu danh gia khac nhau clia cac dbi
twong danh gia khac nhau va cac yéu té twong
&ng clia day quy chiéu va cac tich sé twong &ng
dé phan anh mrc do twong quan xam clia cac
phwong an t6 hop (m). Mtrc dd twong quan cang
I&n thi quyét dinh phwong an twong ng cang toi
wu. Mirc dd quan hé xam dwoc viét lai la:

7, (k)= w(k)<, (k)

k=1

k=12,--n (10)

Trong dé:

w(k) - trong s cua tiéu chi toi wu hoa thir k;

m - sb tiéu chi (m=2) vé&i diéu kién Zw(k):l
, tiéu chi can dwoc wu tién hon sé dwodgan trong
s6 I&n hon, trong nghién ctru nay, tién hanh nghién
cru V& qua trinh mai mon, trong d6 hé sd ma sat

LIl CONG NGHIEP MO, SO 6 - 2022

can duoc wu tién hon so véi gia tri kha ndng chiu
tai, do d6 chon lwa w(1)=0,3; w(2)=0,7

DPé c6 dwoc mire twong quan cla tirng nhan té,
can phai cé dwoc twong quan trung binh ciia moét
nhan tb twong (rng v&i mot cap duy nhét, va twong
quan trung binh thu dwoc cang Ién thi gia tri cap
twong &ng v&i nhan té cang tét.

2.4.4. Két qua va phan tich quan hé xam

Béang t& hop thwe nghiém truc giao da thiét ké
dwa trén phuwong phap Taguchi xam, cac gia tri cla
m va n c6 thé dwoc xac dinh, trong do m=25,n =
2, khi d6 ma tran quyét dinh da xay dwng theo (4)
dwoc tinh toan va dwa vao muc di liéu chuan hoa
(Bang 6).

Dé xac dinh ma tran tham chiéu, lay gia tri Ion
nhét cla gia tri tham chiéu ctia mdi cot trong Y lam
tiéu chuan tham chiéu cta no, ma tran tham chiéu
c6 thé thu dwoc nhw sau:

Y, = [1.00000 1.00000]

Vi gia tri |&n nhét clia méi cot dwoc chon lam gia
tri t&i wu, phwong trinh (8) cé thé dwoc st dung dé
tinh toan hé sé twong quan cla tirng gia tri tham
chiéu. Bdng thdi, co thé thu dwoc ma tran phan
doan twong quan xam, két qua dwoc dwa vao muc
hé sé xam (bang 6).

Do kha nang chiju tai va tinh nang ma sat va mai
mon cla két cAu vi md dwoc nghién cliru trong bai
b&o nay déu quan trong nhw nhau, nén phuong
phap trong sb bang nhau dwoc chon lam tiéu chuan
va c6 hai chi sé6 danh gia trong bai bao nay, vi vay
trong s6 nhuw sau:

w=[0.5 0.5]

Ddng thoi, theo biéu thire (11), cé thé thu dwoc
thém murc do twong quan xam cla 25 nhém phuwong
an, va két qua duoc thé hién trong (Bang 6).

Tw Bang 6, c6 thé trng bwédc thu dwoc thém
mtrc do twong quan trung binh cla tirng mirc théng
s6 clia két cAu vi mo. Dbi véi cung mét tham sb cla
két cAu vi md (microtexture), mirc dd twong quan
trung binh ctia mirc twong &ng ctia né co thé phan
anh truc tiép chat lwong cta tham sb & mirc do,
trc la mre twong quan trung binh cang lén thi gia
tri mirc cang t6i wu va ngwoc lai mirc twong quan
trung binh cang nhd, trc gia tri cang kém.

T Bang 7 c6 thé nhan thay, trong cac tham sb
cta két cau vi md, khi dwdrng kinh hinh tron 1a 600
um, chiéu sau cla két cau vi mé 1a 200 ym, va mat
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Bang 6. Két qua phan tich ma tran va tinh toan quan hé xam

ng-:i"ém Dit liéu chuan héa Ay (k) Hé sé xam 1 (k) Do xam T
: P ut P nt P nt y
1 0.03457 0.03178 0.96543 0.96822 0.34120 0.34055 0.340743
2 0.02050 0.00784 0.97950 0.99216 0.33795 0.33509 0.335945
3 0.01255 0.01065 0.98745 0.98935 0.33615 0.33572 0.335846
4 0.00000 0.00000 1.00000 1.00000 0.33333 0.33333 0.333333
5 0.01228 0.01652 0.98772 0.98348 0.33608 0.33705 0.336757
6 0.08800 0.07883 0.91200 0.92117 0.35411 0.35182 0.352509
7 0.12910 0.12078 0.87090 0.87922 0.36472 0.36252 0.363183
8 0.17598 0.18037 0.82402 0.81963 0.37764 0.37889 0.378516
9 0.06530 0.07004 0.93470 0.92996 0.34850 0.34966 0.349314
10 0.13122 0.13347 0.86878 0.86653 0.36529 0.36589 0.365709
n 0.39274 0.38366 0.60726 0.61634 0.45157 0.44789 0.448993
12 0.13684 0.15927 0.86316 0.84073 0.36679 0.37293 0.371091
13 0.20839 0.22447 0.79161 0.77553 0.38711 0.39199 0.39053
14 0.13810 0.13103 0.86190 0.86897 0.36713 0.36524 0.365807
15 0.28633 0.26610 0.71367 0.73390 0.41198 0.40522 0.407245
16 0.36420 0.38941 0.63580 0.61059 0.44022 0.45021 0.447212
17 0.51312 0.51877 0.48688 0.48123 0.50665 0.50956 0.508689
18 0.32940 0.31963 0.67060 0.68037 0.42713 0.42359 0.424655
19 0.59419 0.54266 0.40581 0.45734 0.55199 0.52228 0.531193
20 0.18748 0.21506 0.81252 0.78494 0.38095 0.38912 0.38667
21 1.00000 1.00000 0.00000 0.00000 1.00000 1.00000 1.00000
22 0.60548 0.58522 0.39452 0.41478 0.55896 0.54658 0.550295
23 0.26261 0.29744 0.73739 0.70256 0.40408 0.41578 0.412269
24 0.53740 0.54863 0.46260 0.45137 0.51943 0.52556 0.523716
25 0.78211 0.74217 0.21789 0.25783 0.69648 0.65978 0.670789
Bang 7. Mitc d6 quan hé trung binh ctia titng miic tham sé két cau vimé
Duang kinh Mutc do quan hé Do sau Mutc do quan hé Mat do Muic dd quan hé
(pm) trung binh (pm) trung binh (%) trung binh
200 0.33664 40 0.41015 0.2 0.37095
300 0.36190 80 0.40903 0.4 0.41186
400 0.40410 120 0.34417 0.6 0.44226
500 0.46016 160 0.44096 0.8 0.50618
600 0.63266 200 0.51666 1.0 0.45089

dd phan bb la 80% thi mirc dd quan hé trung binh
twong &ng la 1&n nhét, do d6 dé xuéat két hop nhom
tham sé trén 1a sw két hop két cu vi mé t6i wu nhat.
Su két hop tham sé tdi wu, tirc 1a sw két hop téi wu
cta két cAu vi mé hinh tam giac can cé clra mé
hinh tron véi théng sb la: hinh tron c¢é dwdng kinh
600 um, d6 sau 200 pym va mat dd phan bé la 80%.

Théong qua phan tich mé phéng trén Ansys
Fluent va sau qua trinh t&i wu héa két hop tng
dung phwong phap Taguchi xam, két qua chirng
minh, kha n&ng chiu tai ctia mé hinh mang dau cap
ma sat géi trwot dia nghiéng dwoc b tri két cau vi
mo la 12915166 Pa, hé s ma sat clia cap ma sat
dwoc bb tri két cau vi mé 1a 0,00356.

CONG NGHIEP MO, SO 6 - 2022 ¥
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H.7. Biéu dd mé phong phan bé ap suat nhém két cau vi mé tdi uu

So sanh két qua cuta 25 thi nghiém truc giao,
c6 thé thay rang md hinh két cau vi mé véi té hop
tham sé t6i wu da tang kha nang chiu lwc I&n nhat
va dong thoi hé sb ma sat cla cép ma séat ciing
nhé hon, do dd, sw két hop tham sb dwoc tdi wu
hoa co thé cai thién tét hiéu suat cia mo hinh két
cAu vi md. So véi md hinh khéng dwoc két ciu, kha
nang chiu tai cia mang diu cap ma séat gbi trwot-
dia nghiéng tang 1én 7,23% va hé sé ma séat cla
mang dau giam 10,32%.

3. KET LUAN

> Khi cau tric vi mé dang tam giac can cé ctra
mé& hinh tron dwoc b tri trén bé mat cdp ma sat
gdi trwot-dia nghiéng cia bom pit tdng hwéng truc,
murc d6 anh hudng clia cac tham sbé két cu vi mo
dbi v&i kha nang chiu tai va hé sb ma sat cha cap
ma séat gbi trwot-dia nghiéng 1an lwot nhw sau: (1)
dwerng kinh > mat 6 > do sau két ciu va (2) do sau
> méat do > dwdng kinh;

> Théng qua phan tich &nh huwéng bé mat da
thu dwoc mé hinh dw doan vé kha nang anh huéng
cla cac tham sbé dac trwng cla cau truc vi mé dang
tam giac can ctra mé hinh tron dbi véi hé sd ma sat
va tai trong clia cap ma sat gbi trwot-dia nghiéng
véi d6 chinh xac twong dbi cao;

> Céc tham sb hinh dang cu truc vi mé téi wu
nhat thu dwoc bang cach tién hanh téi wu hdéa muc
tiéu dé co hé s6 ma sat nhé nhét, lwc don vi (strc
chiu tai) I&n nhat: dwéng kinh hinh tron: 600 pm, d6
sau: 200 ym, mat do: 80%. Luc nay, hé sb ma sat
va lwc don vi clla cap ma sat géi trwgt-dia nghiéng
lan lwot 14 0.00356 va 12915166 Pa, so véi cdp ma
sat nguyén mau khong bd tri két cAu vi mo, hé sb
ma sat giam 10,32% trén co s& nang cao kha nang
chiu tai 7,32%04
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APPLICATION OF GRAY-BASED TAGUCHI METHOD IN OPTIMAL ANALYSIS
OF EFFECT OF SURFACE MICRO-TEXTURE ON FRICTION AND WEAR
PERFORMANCE OF SLIPER-SWASH PLATE PAIRS IN AXIAL PISTON PUMPS

Le Van Loi, Xu Ping, Yu Yinghua, Nguyen Van Tan, Tran Van Hiep

ABSTRACT

In order to study the influence of microstructure and improve the friction pair efficiency of the swash
plate axial piston pump, the sliding-swash plate friction pair was selected as the research object. This
paper analyzes and evaluates the influence of microstructural geometric parameters on the bearing
capacity and friction coefficient under high pressure conditions. Application of the Taguchi method to build
experimental matrix, Grey Relation Analysis method (GRA) to analyze the influence of microstructure
parameters on the bearing capacity and friction coefficient of the friction pair. Implementation of simulation
analysis, compare with the prototype friction pair without microstructure, from which to evaluate the load
capacity and coefficient of friction of the sliding-swash plate pair friction pair.
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Taguchi Method,
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