Nghién ciru khoa hoc cong nghé

TOI UU HOA PA MUC TIEU CHE PO SUA PA
‘ KHI MAI TRON NGOAI THEP 90CrSi PA QUATOI
BANG PHUONG PHAP TAGUCHI VA PHAN TiCH QUAN HE XAM

Hoang Xuan Ta , Nguyén Thi Tuyét Minh

Tém tit: Nghién citu nay nham muc dich toi wu héa da muc tiéu ché do siva da khi mai
tron ngoai thép 90CrSi di qua téi bang phirong phdp quy hoach thwe nghiém Taguchi va
phdn tich quan hé xdm. Véi bg 6 thong sé cong nghé sica da duwoc quy hoach sir dung ma
tran thi nghiém Lig (4™x2%). Phirong phdp Taguchi két hop véi phan tich quan hé xdam
dwgc dp dung dé giai bai todn toi wu héa da muc tiéu. Két qua nghzen cuu da xdc dinh
duwege ché dp sira da @é dat dwoc nham bé mat la nhé nhdt va tuéi bén cia da mai la lon
nhat, cu thé la chiéu séu sira da thé 0,025 mm, s6 lwot swra da tho 2 lwot, s6 lwot swa da
tinh 2 luot, chiéu sau sira dé tinh 0,005 mm, sé lwot chay khong an dao 3 luot va luong
chay dao doc la 1,8 m/phit. Véi b thong so toi wu, nghién citu ciing da dwa ra dwgc két
qud dy doan déi véi cac muc tiéu dwoc khao sat déng thoi mé hinh nghién cuu thyc
nghiém duwgc tinh todn kiém chitng va cho ra két qua la phit hop.

Tir khoa: Mai tron ngoai; Téi uu hoa; Ché do stra d4; Taguchi.
1. MO PAU

Mai la mot nguyén cong quan trong trong san xuit gia cong co khi dé dam bao chat luong gia
cong 1an cudi. Do viy, chét lugng cua san phdm phuy thudc rat nhiéu vao qua trinh mai. Qua trinh
mai la mot qua trinh phirc tap, do da mai tap hop boi vo sO cac ludi cit duoc phan bd mot cach
ngau nhién va hinh dang ludi cit ciing khong ¢6 dinh [1]. Véi ddc diém do, kha nang cit cua da
mai va chit luong bé mit gia cong, nhiét cit va tudi tho cia da mai ciing phu thude rat nhidu vao
ché d6 stra da [2].

Tam quan trong cua ché do stra d4 ciing dd duoc rat nhidu nha nghién ciru quan tim dé tim ra
ché d6 hop 1y nhim ning cao ning suit ciing nhu chét luong ciia qua trinh mai. Nhu trong
nghién cttu cua Dadaso D, Mohite va cac cdng su da st dung phuong phap quy hoach thuc
nghiém Taguchi nham xac dinh ché do sira d t6i uu khi mai ngoai thep EN19 di cho thiy tdc do
chay dao ngang c6 anh huong 16n nhit dén nham bé mit, sau dola chiéu sau sira da, goc do cua
miii stra da va s luot sira d4 c6 anh huong it nhat [3]. Mot sé cac nghién ciru khac cling chi ra
ché do sira d¢a anh huong dén nham bé mit nhu nghién ctru cia Lu Zhang khi mai phang vat liéu
nhém [4], nghién ciru cua P. Puerto khi mai phang thép F-5229 [5], khi mai thép SKD11 cua
Hoang Tién Diing [6]. Ché do sira d4 khong chi anh huong dén chat luong bé mat ma con anh
huéng t6i toe d6 boc tach vat liéu [7-9].

Qua céc nghién ciru da cho thay, ché d¢ sira d4 c6 anh huong 16n dén nhiéu chi tiéu dau ra
cua qua trinh mai nhu chét luong bé mit, tbe d6 boc tach vat liéu hay do mon da. Tuy nhién, dé
dam bao ti wu hoa cac chi tiéu kinh té k§ thuat can phai dam bao hai hoa giita cac yéu td vé chét
lugng chi tiét gia cong va loi nhuan 1 16n nhat. Ciing di c6 mot s nghién ciru Gmg dung céc
phuong phap quy hoach thyc nghiém nham téi wu hoa da muc tiéu qué trinh mai. Nhu trong cac
nghién ctru cia Luu Anh Tung va Tran Thi Hong khi mai phang thép 90CrSi [10, 11], hay trong
nghién ctru khi mai 16 ctia Lé Xuan Hung [12].

Nghién ciru ndy nham t6i wu héa ché d6 cong nghé sira da (gdm 6 thong sé: Chiéu sau sira da
thé, s6 1an stra da tho, chiéu sdu stra da tinh, s6 1an sira da tinh, s6 1an chay khong an dao va tbe
d6 chay dao ngang khi stra da), khi mai tron ngoai thép 90CrSi di qua t6i dén nham bé mat va
tudi bén ciia da mai.
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2. THIET KE THi NGHIEM
2.1. May va trang thiét bi thi nghiém
Thi nghiém duoc tién hanh duq trén céc thiét Pi va dung cu do kiérp duoc I’iét 7ké trong bang 1.
Ché d9 cong nghé mai dugce gil ¢ dinh trong moi thi nghiém véi chiéu sau cat tong cong t =0, 1
mm, toc d6 chay dao doc 1 m/phut, toc do chay dao ngang 0,01 mm/hanh trinh, toc d6 cat 29 my/s.
Bing 1. Trang thiét bi thi nghiém.

Thiét bi thi nghiém

May mai CONDO-Hi-45 HTS (Nhat Ban)

b4 mai Cn80MV1 400x40x203 (Viét Nam)

Dung cu sura da Kim cuong nhiéu hat 3908-0088C type 2 (Nga)

May do d nham Mitutoyo SJ-201 (Nhat Ban)

Dau do luc Kisler Type 5233 A (Puc)

Chi tiét gia cong Thép 90CrSi, 58-62 HRC, &22x115

ba mai
Pau
- do luc

Chi tiet Kisler
gia cong

Hinh 1. Hé thong thi nghiém.

2.2. Quy hoach thwe nghiém

Pé danh gia anh huong cia cac thong sd cong nghé sira da dén chat lugng bé mat va tudi tho
cua da mai. 6 thong sb stra da da dugce lua chon gém chiéu siu sira da tho, sb 1an stra da tho,
chiéu sdu stra da tinh, s6 1an sira da tinh, s6 1an chay khong an dao va toc do chay dao ngang khi
sira d4. Thi nghiém duoc thiét ké dua trén phuong phap quy hoach thyc nghiém Taguchi (L16
4"x2") v6i cac thong s6 va cac mire duge biéu dién trong bang 2.

Bing 2. Cdc thong so dau vao va mirc khao sat.

" ) Ky . Mire

Thong so hié}:l Pon vi 1 5 3 Z
Chiéu sau stra d4 tho ac mm 0.02 | 0.025 | 0.03 | 0.035
S luot stra d4 tho N, luot 1 2 3 4
Chiéu siu stra d4 tinh ar mm 0.005 | 0.01 - -
S luot stra d4 tinh N luot 0 1 2 3
S luot chay khong dn dao No lugt 0 1 2 3
Tdc dd chay dao doc Sq mm/phut 15 1.8 - -

Quy hoach thuc nghiém dugc thiét ké bai phan mém MiniTab R18, véi 4 thong s 4 mirc va 2
thong s6 2 mirc, ma tran thi nghiém Ly (4 x2™) dugc thiét 1ap dé khao sat anh hudng cua cac
thong s6 dau vao dén nham bé mit va tudi bén cia da mai. Moi thi nghiém duoc tién hanh véi
ché d6 mai ¢b dinh nhu trong thiét ké thi nghiém. Thiét bi do luc Kisler duoc lép dat dé do luc
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cét trong subt qua trinh mai, tudi bén cua da mai (tinh bang phut) dugc xdc dinh khi lyc cit tang
vot biéu thi kha nang cit ciia da mai da hét va can sira ¢a mai. Cac chi tiét mai dugc trong mdi
thi nghiém duoc tién hanh do do nham. Béang quy hoach thuc nghiém va cac két qua thi nghiém
do dugc mo ta trong bang 3.

Bing 3. Ma trdn thi nghiém va két qua do.

Théng s6 Nhé‘m bé_m:flt trung | Tudi b_én cua da mai
binh Ra (um) T (phut)
TT X X
Lan do Lan do
ac Ne | Ns | Ng as Sq 1 2 3 1 2 3

1 0.020 |0 |0 |0 |0.005|15| 0420 | 0418 | 0.410 | 243 | 245 | 240
2 00201 |1 |1 |0.005|18| 0.357 | 0.355 | 0.348 | 275 | 278 | 27.2
3 00202 |2 |2 |0010|15| 0312 ] 0.325 | 0.318 | 26.7 | 26.9 | 26.3
4 00203 |3 |3 |0010|18| 0.338 | 0.336 | 0.342 | 258 | 26.0 | 259
5 0025|/0 |1 |2 |0.010|18| 0320 | 0.322 | 0.319 | 27.1 | 275 | 27.2
6 0025|1 |0 |3 |0010|15| 0325|0329 | 0.312 | 295 | 29.8 | 30.2
7 00252 |3 |0 |0.005|18| 0.356 | 0.345 | 0.343 | 285 | 28.8 | 28.3
8 00253 |2 |1 |0005|15)| 0332|0338 | 0327 | 280 | 279 | 284
9 00300 |2 |3 |0005|18)| 0315|0308 | 0313 | 272 | 275 | 274
10 |0.030|1 |3 |2 |0.005]|15]|0.305 | 0.319 | 0.311 | 26.2 | 26.1 | 26.4
11 |0.030]|2 |0 |1 |0.010)1.8]0.389 | 0.385 | 0.380 | 28.9 | 29.2 | 29.5
12 100303 |1 |0 |0.010]15] 0.360 | 0.358 | 0.355 | 25.8 | 25.6 | 25.5
13 100350 |3 |1 |0010]15] 0335|0332 | 0337 | 254 | 255 | 254
14 10035|1 |2 |0 |0.010|1.8] 0.329 | 0.334 | 0.326 | 28.4 | 285 | 28.5
15 |0035]2 |1 |3 |0.005]15]0.338 | 0.336 | 0.338 | 29.7 | 29.4 | 29.5
16 |0035]3 |0 |2 |0.005]18] 0.379 | 0.365 | 0.367 | 29.8 | 30.1 | 304

3. TOI UU HOA PA MUC TIEU
3.1. Xay dung ham muc tiéu

Dé ti wu hda da muyc tiéu trong nghién ctru nay sir dung phuong phap phan tich quan hé xam
két hop voi Taguchi. Trong d6, cac ham muc tiéu don 1é s& duoc khao sat sau d6 duge md hoa
nham chuyén cac tiéu chi khac nhau ciia cac ham muc tiéu theo mot tidu chi dong nhat dé khao
sat d6 chinh 1a dya trén tri sd quan hé xam cia cac don muc tiéu. Pé tién hanh tinh toan tri sd
quan hé xam cua cac don muc tiéu, trude tién phai khao sat anh hudng cua cac thong sb diu vao
t6i timg muyc tiéu mot dugc thé hién bang chi s S/N.

0 trong nghién ctru nay tién hanh t6i wu héa hai muyc tiéu d6 1a do nham bé mit 1a nho nhit va
tudi bén ciia d4 mai 1a 16n nhat.

Chi s6 S/N cua tirmg muc tiéu duoc xac dinh qua cac cong thire dudi day:

) . 13
V6i nham bé mat 1a nhé nhat: S/ N =-10log,, (Ez y?) (1)
i=1
re At 1 A 5 ’ SR P4 A 1 - 1
Vi tudi bén cua da mai 1a 16n nhat: S/ N =-10log,, (—2—2) (2

i=1 JYj
Dé c6 thé phan tich quan hé xam, tir tri s6 S/N cta cac két qua dau ra can phai chuyén doi
thanh chuoi so sanh va dai lugng khong co thur nguyen Cac két qua duoc chuan hoéa trong

khoang (0 + 1). Vi chi s6 S/N nhan dugc cua cac két qua dau ra thi, ty s S/N cang l6n s& cho
két qua dang tin cdy nhit va it bi anh hudng béi nhidu nhit. Ty s nay duoc chuin hoa bang tri
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$6 Z; v4i 0 < Z;< 1. Z; duoc xac dinh theo cong thirc dudi day nham tranh sy anh hudng cua viéc
st dung cac tht nguyén khéac nhau va dé giam sy bién doi:

5 _ S/N, —min(S/N,,i=12,...,n)
' max(S/N,,i=12,..,n)—min(S/N,,i=12,..,n)

Trong do, n la sb thi nghiém, n =16

)

Bdng 4. Tri 56 S/N, gia tri chuan héa S/N, Z;,

gia tri tuyét doi cua sai léch A, (k) va tri 56 quan hé xam y,.

i Tri so0 quan
SIN = Zi = A (K) hé Xégl y i
T Ra T Tri s6 tham chiéu Ra T Ra T ‘
1.000 1.000
1 7.6177 | 27.6993 | 0.000 0.000 | 1.000 | 1.000 | 0.333 | 0.333 | 0.333
2 9.0358 28.7856 0.566 0.581 | 0.434 | 0.419 | 0.535 | 0.544 | 0.539
3 | 99411 | 285074 | (927 0.432 | 0.073 | 0568 | 0.872 | 0.468 | 0.670
4 9.4043 28.2659 0.713 0.303 | 0.287 | 0.697 | 0.635 | 0.418 | 0.526
5 | 9.8879 | 28.7121 | 0906 0541 | 0.094 | 0459 | 0.841 | 0.522 | 0.681
6 9.8407 29.4928 0.887 0.958 | 0.113 | 0.042 | 0.815 | 0.923 | 0.869
7 | 91672 | 29.1064 | 0618 0.752 | 0.382 | 0.248 | 0.567 | 0.668 | 0.618
8 9.5677 28.9734 0.778 0.681 0.222 | 0.319 | 0.692 | 0.610 | 0.651
9 | 10.1165 | 28.7442 | 0.997 0.558 | 0.003 | 0.442 | 0.994 | 0.531 | 0.762
10 | 10.1247 | 28.3768 | 1.000 0.362 | 0.000 | 0.638 | 1.000 | 0.439 | 0.720
11 | 82979 | 29.3067 | 0.271 0.859 | 0.729 | 0.141 | 0.407 | 0.780 | 0.594
12 8.9303 28.1758 0.524 0.255 0.476 | 0.745 | 0.512 | 0.401 | 0.457
13 9.5076 28.1080 0.754 0.218 0.246 | 0.782 | 0.670 | 0.390 | 0.530
14 9.6381 29.0867 0.806 0.741 | 0.194 | 0.259 | 0.720 | 0.659 | 0.690
15 | 9.4388 | 29.4060 | 0726 0912 | 0.274 | 0.088 | 0.646 | 0.850 | 0.748
16 8.6269 29.5705 0.403 1.000 0.597 | 0.000 | 0.456 | 1.000 | 0.728
3.2. Xac dinh tri ) quan hé xam
Hé sb quan hé xam yj(k) dugc xac dinh bang cong thirc:
y (0 =m0t e Anl) 5y ()

Trong do:

AK)+CA, L (K)

- n 1a so thi nghiém; k 1a s0 muc tiéu dau ra

- Ai(k) 1a tri ) tuyét dbi sai 1éch cua day tham chiéu. Pugc xac dinh theo cong thtrc:
- Ai(K) = [1Zo(K) — Zi(K)||, 1a gia tri tuyét dbi clia sai 1éch gitta Zo(k) (tri 6 tham chiéu Zo(K) =

1) va Z(k) (tri s0 Z cua thi nghiém thir i cia myc tiéu thi k).
- Amin(K) 12 gid tri nhé nhit cua Ai(K)
- Amax(k) 13 gia tri 16n nhét ctia Ai(K)

-Clahé ) phan biét, dugc xac dinh trong khoang 0 < £ < 1, trong nghién ctru thuc nghiém ¢ = 0.5.
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Murc d6 quan hé xam dugc xac dinh qua tri ) quan h¢ xam trung binh cla cac muyc ti€u dau ra:
1 k
= E Z Yii (k) (5)
j=0

Trong do:

- k 1a s6 muc tiéu dau ra.

- yij 14 tri s6 quan hé x4m cuia cic muc tiéu dau ra thr j & thi nghiém thi i.

Két qua tinh toan tri sb quan h¢ xadm y; va tri sb quan h¢ xdm trung binh V. cua cac thi
nghiém duoc thé hién trong bang 4.
3.3. Két qué va ban ludn

Tri sé quan h¢ xam cao hon s& thé hién chat lugng t6t hon. Pé xac dinh anh hudng cia céc

thong so dau vao dén tri sb quan hé xam, trong nghién ctru nay sir dung phuong phap Taguchi va
phan mém Minitab 18 dé phan tich két qua tinh toan voi ham muc tiéu 12 tri s6 quan hé xam.

Bing 5. Anh hudéng ciia cdc thong sé dén tri s quan hé xam qua ti sé S/N.
Analysis of Variance for SN ratios

Source DF SeqSS AdjSS AdjMS F P C(%)
a 3 194501 104591 648637 7.87 0.255 31.46
Ne 3 103301 10.3301 3.44337 4.18 0342 16.70
Ny 3 52327 52327 174425 212 0459  8.46
No 3 24.8297 24.8297 827656 10.04 0.227 40.14
a 1 00087 0.087 0.00873 001 0935 001
Sq 1 11678 11678 116775 142 0445  1.89
Residual Error 1 0.8242 0.8242 0.82420 1.33
Total 15 61.8523

T 1’<ét qua phan tich anh huéng cua cac thong sd dén trj sb quan hé xam trong bang 5 cho
th;iy: 0 luot chay khong an ‘dao ng c6 anh hudng 16n nhat téi tri s6 quan hé xam y voi 40,14 %,
tiép do la anh hudng cia chi€u sdu sira da tho ac voi 31,46%, anh hudng cua cac thong so6 con lai
lan luot 1a: s l‘uc_)“[ sua da tho n; (16,7%), sO lugt stra da tinh ng (8,46%), lugng chay dao doc Sy
(1,89%) va chiéu siu stra da tinh a; c6 anh huong khong dang ké tai y (0,01%).

Thir tu theo mirc d6 anh huéng cua cac thong sb dén tri s6 quan hé xam ciing duoc thé hién 6
trong bang 6.
Bing 6. Thit ty dnh hiong cia cdc théng sé dén tri s6 quan hé xam § .
Response table for Means
Level ac Ne N No as Sq
1 0.5173 0.5768 0.6310 0.5244 0.6375 0.6224
2 0.7049 0.7045 0.6065 0.5786 0.6272 0.6423
3 0.6331 0.6574 0.6934 0.6997
4 0.6740 0.5906 0.5985 0.7266
Delta 0.1876 0.1278 0.0949 0.2022 0.0103 0.0199
Rank 2 3 4 1 6 5
Tri s6 quan hé xam trung binh 0.632

bé xac dinh dugc b thong s6 toi vu Gng vdi tri sO quan hé xam 16n nhat, dya vao bi€u do
phan tich anh hudng cta céac thong so6 den vy .
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Tur biéu dd & hinh 2 cho thdy, véi mdi thong sb ddu vao nhitng mirc khao sat cho tri s y cao
nhit 13 gia trj t6i vu. Do vay, bo thong sb tdi vu da muc tiéu trong trudng hop ndy cé thé dugc
xac dinh, cu thé trong bang 7.

Mean of SN ratics
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Hinh 2. Biéu do anh hwong ciia cdc thong sé dén ti s6 S/N ciia tri s6 quan hé xam trung binbh.

Bing 7. Ché dé cong nghé sira dé t6i wu.

Théng so cong nghé sira da Ky Pon vi Mikc toi wru Gia tri toi
hiéu uu

Chiéu sau stra da tho ac mm 2 0,025

S6 luot sira d4 tho n luot 2 2

S6 luot sira d4 tinh N luot 3 2

S6 luot chay khong an dao Ng luot 4 3

Chiéu sau stra da tinh as mm 1 0.005

Luong chay dao doc Sq m/phat 2 1.8

Vi bd thong s6 t6i wu nhan duoc c6 thé tinh toan du doan két qua cta cac ham muyc tiéu béng
cach st dung phan mém Minitab 18 voi phéan tich du doan két qua st dung phuong phap

Taguchi.

Predicted values

Bdng 8. Gia tri phdn tich dy dodn cua cac muyc tiéu ung voi bo thong so swa da toi vu.

Prediction
Respons S/N Ratio Mean StDev
Ra (um) 10.6681 0.287979 0.0071558
T (phat) 29.7426 30.4875 0.255929
Settings

a. N Ng Ng a Sy

2 2 3 4 1 2

Tir két qua phén tich du doan cho thdy, v6i bd thong sb cong nghé stra dé t6i uu nhan dugce s&
cho ra két qua nham bé mat Ra~0,287979 pum va tudi bén ctia da mai T=30,4875 phut.

Mure d6 phu hop cua md hinh thyc nghiém trén duge danh gia thong qua biéu dd phan })6
chuan bang phuong phap Anderson-Darling. Tur biéu d6 phén b6 chuan trong hinh 3 cho thay,
cac dir liéu tng voi cac diem thi nghiém (cham mau xanh) déu nam trong vung gidi han boi 2
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duong gidi han trén dudi voi dg 1éch chuan gi6i han 95%, ddng thoi gia tri P 12 0.717 16n hon gia
tri a = 0.05, di€u nay chi ra rang, mo hinh thyc nghi€ém da ap dung la phu hop.

Probability Plot of y
Normal - 95% CI

Mean  0.6323
StDev 01324
N b3
AD 0.245
P-Value 0.717

Percent

Hinh 3. Biéu do xdc sudt vé mirc do phut hop ciia mo hinh thuc nghiém voi tri 56 quan hé xam.
4. KET LUAN

Trong nghién ciru nay da xay dung dugc mot md hinh thyc nghiém dé t6i wu hoa da muc tiéu
céc thong s6 cia ché do stra d4 khi mai tron ngoai thép 90CrSi. Bang cach sir dung phuong phap
quy hoach thuyc nghiém Taguchi va phan tich quan hé xam, nghién ctiru da xac dinh dugc bd
thong s6 nhim dam bao cac muc tiéu nham bé mat 1a nho nhit va tudi bén ctia ¢4 mai 1a 16n nhat.
Két qua nghién ciru thuc nghiém da dua ra duge bo thong sb ti wu bao gdbm 6 thong s dau vao
bao gém chiéu sau stra da tho, sb luot sira da tho, chiéu siu stra da tinh, sd luot stra da tinh, sb
lugt chay khong an dao va lugng chay dao doc. Nghién ctru cling da dua ra két qua tinh toan du
doan cho tig ham muc tiéu cy thé va mé hinh cung da duoc kiém ching 1a pht hop v6i mirc y
nghia 95%. Do vay, md hinh thyc nghiém va két qua thu dugc c6 ¥ nghia va c6 thé ap dung
trong thuc tién.
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ABSTRACT

MULTI-OPTIMIZATION OF DRESSING PARAMETERS
IN EXTERNAL CYLINDRICAL GRINDING FOR 90CrSi TOOL STEEL
USING TAGUCHI METHOD AND GREY RELATION ANALYSIS

This study aims to optimize the dressing parameters of grinding wheel in external
cylindrical grinding for 90CrSi tool steel to minimize surface roughness and maximize
tool life using Taguchi method and Gray Relation Analysis (GRA). An orthogonal array
L16 (4"4x2"2) was applied to investigate six dressing parameters. Taguchi method and
GRA are combined to solve multi-objective optimization problem and determine optimal
dressing parameters. The study results shows that optimal dressing parameters to obtain
minimum surface roughness and the maximum tool life are coarse dressing depth of 0.025
mm, coarse dressing times of 2 times, fine dressing depth of 0.005 mm, fine dressing times
of 2 times, non-feeding dressing times of 3 times and dressing feed rate of 1.8 m/min. Base
on the set of optimal dressing parameters, the predictive results of each respond are
calculated and the experimental research model is tested by Anderson-Darling method
indicated the results are satisfy practical requirements.

Keywords: External cylindrical grinding; Dressing condition; Taguchi method; Grey relation analysis.
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