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Tém tit. Bai bao nay trinh bay qua trinh téi wu héa cac théng s6 hoat dong ciia mot thiét bi nhiét dinh
hinh dung phuong phap Taguchi va phén tich phuong sai ANOVA. Pau tién, cac tac gia chon nam thong
s6 quan trong anh huong dén su dong deu va chit luong ngoai quan cua san pham, bao gdm nhiét do cai
dat ctia nhiét dién trd, khoang cach gitta tdm nhua véi nhiét dién tro, ty s6 kéo cua khudn duong, thoi gian
gia nhiét, do day cua tm nhya dé thyc hién t6i uvu héa. Sau d6, cac thir nghiém tién kha thi gitip xéc dinh
ba mirc gia tri cho mdi thong sd. Va do d6, mang truc giao Lis 1a phi hop cho viéc tdi wu hoa nay. Dya trén
mang tryc giao nay, cac tac gia thuc hién 18 thi nghiém nhiét dinh hinh dé léy s6 liéu phén tich. Sau do, ty
s6 S/N va phan tich phuong sai ANOVA duogc dung dé tim cac mic tdi wu cia cac thong sb va tac dong
ctia ching t6i do dong déu vé chiéu day cia san pham. Két qua cho thiy d6 day cta tdm nhua va ty s6 kéo
c6 anh huong nhiéu nhét, 1an luot 1a 34.90% va 32.48%. Sau d6, cac tac gia thuc hién mot thi nghiém bo
sung dé chtig minh tinh hiéu qué cua phuong phap Taguchi. Két qua thu duoc 14 0.06 mm, ti wu hon 18
két qua da thyc hién trude do. Tir d6, ta c6 thé két luan rang phuong phap Taguchi, phan tich phuong sai
ANOVA 1a mét cong cu don gian nhung hiéu qua cho téi vu héa qua trinh mot cong nghé san xudt truyén
théng nhu nhiét dinh hinh, noi vén khong dugc chit y nghién clru khoa hoc va dau tu trang thiét bi vat chat
cling nhu phan mém hién dai.

Tir khéa. Nhiét dinh hinh, Téi wu hoa, Taguchi, ANOVA, Do dong déu, Ty s6 S/N, Minitab.

TAGUCHI OPTIMIZATION OF PROCESS PARAMETERS FOR THICKNESS
UNIFORMITY OF A THERMOFORMING PROCESS

Abstract. In this article, an investigation for optimization of process parameters for thickness uniformity
in a thermoforming process utilizing Taguchi method with analysis of variance (ANOVA) was presented.
At first, five parameters, including setting temperature of ceramic heaters, distance between plastic sheet
and the heaters, areal draw ratio, heating time, thickness of the plastic sheet were considered in the initial
approach towards optimization. As a continuation of previous works, three levels of the processing
condition for each parameter were established based on the recommended ranges. Therefore, an L5 Taguchi
orthogonal design was selected. As the next step, 18 experiments were carried out by utilizing the
combination of process parameters based on this Lig array. Then, the S/N ratio and ANOVA were used to
find the optimal levels to indicate the impact of the process parameters on the uniformity, showing that
thickness of the plastic sheet and areal draw ratio played the most important roles, 34.90% and 32.48%,
corespondingly. A verification test was also performed to demonstrate the effectiveness of Taguchi method,
resulting a 0.06 mm uniformity, better than any previous results. Hence it can be clearly infered from this
investigation that Taguchi method is a simple, sufficient tool to optimize such a traditional manufacturing
process as thermoforming without using any complicated scientific researches or expensive software
solutions.
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1 GIOITHIEU

Nhiét dinh hinh (thermoformmg) cung voi €p phun (injection molding) 1a hai try cot trong nganh nhua, dap
tmg phan 16n nhu ciu vé san phdm nhwa ctia con ngudi. Trong khi ép phun cung cap cdc san pham cong
nghiép va dan dung thi nhiét dinh hinh lai phuc vu cho dan dung va y té [1,2]. Véi rat nhiéu vu diém nhu
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san xuat duoc san pham mong c6 do dong déu cao, nhiét d6 thap, vat lidu khudn da dang, gia thanh thiét bi
khong cao, ning suit cao, sb lugng san xut 16, ... nhiét dinh hinh déng vai trd ngay cang quan trong trong
nganh nhya [1].

Ciing nhu €p phun, nhiét dinh hinh dugc phat minh ra cach day hon 150 nam, la mot k¥ thuat san xuét nhua
truyén thong. Ciing chinh vi thé, trong nhiing nghién ctru vé linh vuc san xuét truyén théng nay, dé c6 thé
dugc chap nhan dang, cic tac gia da sir dung nhimg k¥ thuat téi wu hoa rat phirc tap. Trong [3], cAc tac gia
cb gang dung thuét toan dé mo hinh hoéa qua trinh nhiét dinh hinh dung phwong trinh Treloar va cong thure
Rivlin. Nhugc diém cua no 1a cong thire rat phirc tap. Con trong [4], cac tac gia dung dinh luat G’Sell va
phan mém PAM-STAMP® dé t6i uu hoa qua trinh nhiét dinh hinh. Pay la mot phan mém khong pho bién
va yéu ciu ban quyén. Ciing ding phin mém thuong mai, nhung & ddy 1a Abaqus®, O’Connor va cic cong
su [5] ding cac md hinh Ogden va Arruda-Boyce d¢é mo hinh hoa qua trinh nhiét dinh hinh dung phén tir
hiru han. Sau d6, cdc tac gia nay tiép tuc dung md hinh dan nhét Sweeny dé mo phong va tbi wu héa qué
trinh [6]. C6 nhiéu tac gia khac ciing sir dung Abaqus va m hinh Ogden cho qua trinh nhiét dinh hinh [7].
Ciing ding mé hinh Ogden, trong [8], céc téc gia két hop véi md hinh Mooney-Livlin dé cai tién chét lugng
t6i wu hoa. Con Azdast va cac cong su [9] thi tiép tuc cai tién mo hinh Mooney-Livlin thanh mé hinh
Mooney-Livlin siéu dan hdi. Tuong tu nhu vay, m6 hinh Lagrangian sira dbi va phu‘cng phép Newton-
Raphson dugc st dung dé md phong qué trinh nhiét dinh hinh [10]. Ciing t6i yu hoa qué trinh nhiét dinh
hinh, Yang va cong sy [11] dung thuat toan di truyén nghich ddo, mot thuat toan kha phtrc tap. Con trong
[12], cdc tac gia dung thudt toan di truyén két hop v6i phan tich phuong sai (ANOVA). Trong do, qua trinh
da dugce toi wu héa, tuy nhién lgi ich dat dugc co twong ximg véi do phirc tap clia qua trinh t6i wru hay khong
thi chua dugc kiém chung. Ciing dung thudt todn, cac tac gia trong [13] dung phuong trinh Van der Waals
va ham chudi Prony dé xay dung mot mo hinh gom 18 tham sé dé kiém soat va téi vu héa do day cua san
pham nhiét dinh hinh. Ciing ding phwong trinh Van der Waals, nhung Makradi va cac cong su tir Phap [14]
két hop v&i mo hinh Bergstrom va Boyce dua trén ly thuyét Doi va Edwards dé mo hinh héa qua trinh nhiét
dinh hinh. Ngoai nhwa v6 dinh hinh [14], cdc tdc gia nay cling ing dung mo hinh cua ho cho nhya ban tinh
thé [15]. Trong khi d6, mft nhom cdc tac gia dén tir Iran va Nga [16] thi su dung m6 hinh ly thuyét ctia
Leonov két hop véi cac cong thirc toan tir Cauchy va Lagrangian dé mo hinh héa va nghién cru tinh luu
bién ciia vat liéu nhya trong nhiét dinh hinh. Ciing nhu céc tac gia khac, Abbasi va cac cong su [17] ciing
dua ra mot md hinh toan hoc vdi 14 tham sb dua trén cac cong thirc toan hoc c¢6 san. Con nhiing phuong
phap t6i wu hoéa truyén théng, néi mot cach khac 1a don gian, nhu Taguchi, thi phai két hop véi mot hay
nhiéu thuat toan khac. Vi du nhu trong [18], cic tac gia két hop Taguchi v6i khai niém tién ich (utility
concept) hay ham tién ich (utility function). Hay trong [19], Yu va cic cong sy phat trién mot phuong phap
t6i wu hoéa qud trinh ding mang lu6i no ron Taguchi mo (fuzzy neural-Taguchi network) dung thuét toan
di truyén, ludi Taguchi lan truyen ngugc (back propagation Taguchi network) dugc dung dé du doan mdi
quan hé giira cac bién sd thiét ké va dic tinh ctia quy trinh, sau do6, thudt toan di truyén duoc dung dé t6i uu
hoa.

Phuong phép Taguchi tir ldu di dugc thira nhan ring don gian nhung hiéu qua, ngay cang duoc sir dung
rong i trong ca hoc thuét 1an trong cong nghiép, thuc tién san xudt [20]. Trong mdi trudng san xuét, ché
tao, cac thuat toan phtrc tap nhu mo hinh Mooney-Livlin siéu dan hdi, thudt toan di truyén, mang ludi no
ron Taguchi mo, ... rét khé dugc ing dung vi d6 phic tap ciia ching. Cac nhan vién hodc cong nhan trong
xuong, sau khi phan tich nhitng phuong trinh 14 hay 18 tham s s& khong kip tién do giao hang. Hon nita,
chat luong trong san xuat khong phai 1 hoan hao ma la dap ung vira dit nhu cau cua khich hang. Do d6,
nhung nghien ctru khoa hoc trén rat khé g dung vao thuc té. Vi vay khoang cach giita hoc thuat va thuc
tién san xuat ngay cang xa. Nham lap dy khoang cach nay, mot nghlen ctru sir dung phuong phap Taguchi,
phan tlch phuong sai (ANOVA) da dugc thuc hién. Tiép theo, két qua t6i wu héa da duoc kiém tra lai bang
phan mém thwong mai Minitab®, sau d6 dugc kiém ching bang mét thuc nghiém bd sung. Két qua cho
thiy d6 dong déu téi uu trong truong hop dau vao tdi thiéu da dat dugc. Nhiing 1y thuyét va tinh toan vé
Taguchi va ANOVA nhim dé cac nhan vién / cong nhan hiéu ban chat ctia qua trinh, trong thuc tién san
Xudt, toan bo qua trinh t61 wu hoa ¢ thé duge thue hién boi Minitab®, von c6 thé d& dang cai dit ¢ xuong.
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2 VATLIEU VA PHUONG PHAP

2.1 Vit lié¢u polyethylene terephthalate (PET)

Do nhiing uu diém vé gi4, tinh phd bién, dé gia cong, PET da dugc sir dung lam nguyén liéu th dang tam
cho qua trinh nhiét dinh hinh. PET 1a nhua nhiét déo, thudc vao loai nhua polyester, dugc tao ra bﬁng cach
da truing ngung cac monomer (C10HsO4)n. Uu diém 16n cta PET 14 ¢ kha nang chiu luc va chiu nhiét cao,
khi duoc gia nhiét & 200°C hay 1am lanh & -90°C thi cdu triic héa hoc clia chiing van dugc gitr nguyén. Cac
dic tinh chung cta nhya PET nguyén chét dugc liét ké trong bang 1 [21, 22].

Bang 1: Céc théng sé ctia nhya PET [21, 22].

TT Tinh chat Gia tri Pon vi
I | Knéi hwong rieng PET tinh thé 1,370 g/em’
' PET vo dinh hinh 1,445 g/em®
2 Young’s modulus (E) 2,800-3,100 MPa
3 | D6 bén kéo (o) 55-75 MPa
4 | Gidi han déo 50-150 %
5 Do chiu va dp (notch test) 3.6 kJ/m?
6 Nhiét 36 thuy tinh (Glass temperature) 75 )C
7 | Piém néng chay 260 oC
8 | Nhiét do héa mém Vicat B 170 °C
9 | Hé sb dan nhiét 0.24 W/(m-K)
10 | Hé s6 gidn nd tuyén tinh (o) 7x107° 1/K
11 | Nhiét dung riéng (C) 1.0 kJ/kg-K
12 | Chi sb hip thy nude (ASTM) 0.16 -
13 | Chi sé khuc xa 1.5750 -
2.2 Phwong phap nhiét dinh hinh
| Bang gia nhigt

+— L& théng

. B,
N — % a—

(a) Gia nhigt

L i[ . |
(==~ cnin khong
{6} Tao hink
Hinh 1. Tao hinh bang chan khéng co ban bing khuén dwong [23]
Nhu da trinh bay, ép phun va nhiét dinh hinh 1a hai tru c6t cua nganh nhya [23]. Trong d6, nhiét dinh hinh
¢6 quy trinh va thiét bi don gian hon, hoat dong tai nhiét d6 thap hon. Trong cic nguyén ly nhiét dinh hinh
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phé bién, nguyén ly dugc lya chon 1a nhiét dinh hinh dung tao hinh chan khong co ban, hinh 1. Tao hinh
chan khong co ban 1a mét phuong phap tao hinh chan khong don gian nhat ma trong d6 chi c6 chan khong
duoc sir dung dé ép chét déo nong ap vao bé mat khudn [23]. Trong k§ thuat nay, vat liéu duoc kep va duge
d6t néng dén diém lin va sau d6 dugc ép trén khudn bang cach di chuyén vat liéu vao bén trén khudn. Dong
thoi, chan khong duoc ap dung qua 16 thong & khuon, do dé kéo san phém vao bé mat bén ngoai khuon.
San pham dugc lam mat khi tiép xuc vi khudn tao thanh chi tiét in hinh cua khuon. K§ thuét tao hinh bang
khuon duong dugc chi ra trong hinh 1.

Loi thé chinh cia tao hinh bang khuén duong so véi tao hinh bang khudn am 1a d6 sau kéo 16n hon c6 thé
dat dwoc ma khong c6 nhitng chd mong qua mirc. San phim dugc ép & trén khudn vai do mong tuong dbi
it. B&i vay, khi tao hinh cudi cung xay ra, do déng déu vé do day t6t nhidu hon so vdi truong hop c6 thé
dat dugc voi mot khuoén am.

2.3 Phuong phap Taguchi

Ngay nay, phuong phap Taguchi ngay cang dugc mg dung rdng réi trong 1dp quy hoach thyc nghiém [24].

Phuong phép nay gop phan cai thién nang sudt trong qué trinh nghién ctru va phat trién, tao ra cac san pham
¢6 chét lugng cao ma gia thanh thip. Nha nghién cuu Taguchi da phat trién phu’(mg phdp dua trén thi
nghiém mang truc giao (Orthogonal Array) nham giam cac tham s ciia thi nghiém véi su b6 tri thich hop
céc diéu kién thuén loi nhét cia cac tham sé diéu khién duoc, bang 2. Cac mang truc giao tao ra mot sy can
bang giira cac thi nghiém va ti s6 Signal — to — Noise (S/N) 1a ham logarit ctia ddu ra mong mudn, thoa man
muyc dich t6i wu hoa, gitip cho viéc phan tich va du doan két qua. Trong phuong phap Taguchi thuét ngir
“Signal” dé chi gia tri trung binh (gid tri mong mudn) ctia muc tiéu diu ra va thudt ngir “Noise” de chi gia
trj khong mong mudn. Do vay ti s6 S/N duoc st dung dé tinh sy sai 1éch so véi gia trj mong mudn [25].

Ti s6 S/N dé téi wu hoa:

Nhé hon-tét hon:

S/N==10xlog, | (1/n)xY(y?)]

(D
Lén hon - tét hon:
S/N =-10xlog,,| (1/n)x > (1/y})] o
Trong d6 n 13 s6 thi nghiém, yi 12 két qué thi nghiém thu i.
Bang 2: Céch chon mang truc giao trong phuong phap Taguchi [24, 25].
\ . 2 it pin S thong sb S6 mirc
Mang truc giao S0 thi nghiém tdi da 2mitc | 3mic | 4mic | 5 mic
L4 4 3 3
L8 8 7 7
L9 9 4 4
L12 12 11 11
L16 16 15 15
L’16 16 5 5
L18 18 8 1 7
L25 25 6 6
L27 27 13 13
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L32 32 31 31

L°32 32 10 1 9

L36 36 23 11 12

L’36 36 16 3 13

L50 50 12 1 11
L54 54 26 1 25

L64 64 63 63

L°64 64 21 21

L81 81 40 40

Thiét ké cua cac thi nghiém sir dung phuong phap Taguchi la hiéu qua hon so véi phuong phap thong ké
khéc. Bing cach chon diing mirc d6 phi hop ciia cac bién doc 14p khac nhau, sb luong cac thi nghiém dugc
giam dang ké. Cung liic d6, khong mat mat bat ky thong tin nao do giam sé thi nghiém. Muc tiéu cua
Taguchi da giam thiéu sy thay ddi xung quanh muc tiéu va ning cao chét lugng. Viée sir dung va hoc tap
ky thuat nay cho phép cac k¥ su, nha khoa hoc va nghién ctru can it thoi gian cho quy hoach thyc nghiém
va phan tich két qua hon. Vi nhiing cai tién trong cong nghé may tinh, n6 dang tré thanh dé dang hon dé
sir dung phwong phéap Taguchi trong cac ng dung. Ph6 bién nhét 1a phan tich k§ thuat dung cdc phan mém
may tinh [18].

2.4 Luu do quy trinh t6i wu héa dung phwong phap Taguchi

Luu d6 quy trinh t6i wu héa dugce thye hién nhu minh hoa trong hinh 2. Ciing can luu y ring, ngoai dc tinh
chat lugng dugc dung dé danh gia qua trinh t5i wu hoa la d6 dong déu vé do day cua san phdm nhiét dinh
hinh, thém hai diéu kién rang budc duge sur dung. D6 1a kha nang tao hinh, sao chép lai hinh dang cua
khudn va mau sic ciia san pham. Hai diéu kién rang budc nay dwoc kiém tra ngoai quan, twong tw nhur trong
mdi trudng san xuat.

3 KET QUA VA THAO LUAN

3.1 Lua chon cic tham s6 qua trinh va méang tryc giao

Thiét bi nhiét dinh hinh ding cho nghién ctru nay dugc trinh bay trong hinh 4.

Trong qua trinh nhiét dinh hinh, mét tdm vat liéu nhya nhiét déo (3) duogc kep vao khung kep gém tAm kep
trén (2) va tdm kep dudi (9). TAm nhya duoc nung néng dén trén nhiét ¢ chuyén pha thuy tinh nhd nhiét
dién tré dé né tro thanh nén mém déo. Sau d6, tAim nhwra nay duoc di chuyén dén tiép xuc voi khuén duong
(16) bang cach thu cong nho cac thanh truot (11) duge gin trén khung may (1). Tiép theo, tim nhya van
con ¢ trang thai déo duoc kéo dan dé c6 thé sao chép lai hinh dang cta khuon bang cach ding chénh 1éch
ap suét nho budng hut (4).

Trong qua trinh tao hinh, cic tim nhya thay ddi chiéu day, diéu nay can thiét dé t6i wu héa q uy trinh trudc
khi tim nhya ngudi. Cac tham sd qua trinh sau day c6 thé anh huéng dén chét lugng ciia qua trinh nhiét
dinh hinh [18]:

(1) Céc thong s6 lién quan dén nhiét do gdm nhiét d gia nhiét va thoi gian gia nhiét;

(2) Cac thong s6 lién quan dén vat liéu gom loai vt liéu, do day tAm;

(3) Céc thong sb lién quan dén 4p suat gdm ap sudt chan khong, ap suat duong hd trog;

(4) Cac thong s6 lién quan dén khudn gdm loai khudn, ty sé kéo, chay ép, téc do di chuyén va khoang cach
di chuyén.

Qua cac nghién ciru true ddy [26], nim tham sé qua trinh sau ddy da dugc xac dinh 14 c¢6 kha ning quan
trong trong viéc anh huong dén chit luong diac diém cua cc san phim nhiét dinh hinh dang nghién ctu.
GoOm nhiét d6 cua nhiét dién tré (°C), khoang cach gia nhiét (mm), thoi gian gia nhiét (s), ty s6 kéo Ra (-),
d6 day ciia tAm vat liéu (mm).
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Bit dau

Xac dinh cac dac tinh

A

\ 4
A

Lua chon thong s6, bac/mitc

v

Lua chon mang truc giao

A

Thuc nghiém

A 4

Kiém tra chat luong

|

- Kha ning tao

Do day

\ 4
Phan tich két qua

v
Tilé S/N

\ 4
Phan tich phuwong sai ANOVA

A

Chon cac thong so6 toi uu

Thyc nghiém

Pung

Két thic
Hinh 2. Quy trinh t&i wu héa qua trinh nhiét dinh hinh.

Dé chon pham vi tham sé dé dénh gia, mot vai thtr nghiém thir nghiém da dugc hoan thanh trudce tién dé
xac dinh pham vi clia cac gia tri tham s ma cac san phém ¢6 thé duoc tao hinh thanh cong. Céc thir nghiém
nay duoc thyc hién dua trén kinh nghiém cta cac chuyén gia, tham khao thong s6 cua cac thiét bi hién co
trén thi truong va phuong phép thuc nghiém thir va sai. O giai doan nay, tam nhya PET day 0.25 mm dugc
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str dung. Dén khi san pham dat yéu cau, in hinh khuon hoan toan, hinh 3, thi dimg lai va chuyén sang buéc
nghién curu anh hudng va toi uu hda thong so6 hoat dong. Cac thong s nay dugce trinh bay trong bang 3.

//""\—_-__

Hinh 3. San pham duoc chia ludi.

Bang 3: Céc thong s6 van hanh thiét bi.

TT Thong sb Gia tri Pon vi
1 Nhiét do 300 °C
2 Thoi gian gia nhiét 27 s
3 Khoang céach gitra tdm nhua voi bo gia nhiét 40 mm

Béang 4 liét ké cac yéu t6 va mirc do yéu té duge chon trong thi nghiém chinh.

Béng 4: Céc thong sé van hanh thiét bi.

TT Ky hiéu Théng s6 Mic1 Mac2 Muac3 Ponvi
1 A Nhiét do 290 300 310 oC
2 B Khoang cach 38 40 42 mm
3 C Thoi gian gia nhiét 26 27 28 s
4 D Ty s6 kéo 1.5 2 2.5 -

5 E Do day 0.2 0.25 0.3 mm
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(a)
#1-Khung thep ﬂ
; M~ #10-Vit kep chit
#2-Tém kep trén /—L
L1
#3-Tam nhya #9-Tim kep dudi
o |

#4-Buong hut [~ #8-Moc giir
#5-16t chin E #7-Dubi chudt

~~__#6-Snaplock

(b) #11-Thanh truot J_L J_L
4\

#12-Ban 18
#17-Vong truot
#13-Tam ludi cho ' = =
#16- Khuon duong
#14-Bac 1ot M8 \ ——|
E‘-.,‘ #15-Bulong M8
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Hinh 4. Thiét bi nhiét dinh hinh [26]: (a) Chinh dién, (b) Canh bén

Viéc xay dung mang tryc giao phu thude vao s6 yéu tb va s6 murc ciia timg yéu té [27]. Trong trudng hop
nay, voi 5 yeu to moi yeu t6 3 muc, mang truc giao c6 cdu tric Lig nhu trong bang 5.

Hinh 5 trinh bay m6 hinh 3D ciia thiét bi nhiét dinh hinh dwoc xay dung bang phan mém SolidWorks®.
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Hinh 5. Minh hoa thiét bi nhiét dinh hinh [26].

Béng 5: Cau tric mang truc giao Lis.

SIN A B C D E Djdongdéu MSD S/N
1 11 1 1 1 0.073 0.00533 2273354
2 1 2 2 2 2 0.1 0.01 20
3 1 3 3 3 3 0.18667 0.03484 14.57866
4 2 1 1 2 2 0.11 0.0121 19.17215
5 2 2 2 3 3 0.12667 0.01604 17.94675
6 2 3 3 1 1 0.08 0.0064 21.9382
7 31 2 1 3 0.12333 0.01521 18.17839
8 32 3 2 1 0.09 0.0081 2091515
9 33 1 3 2 0.16333 0.02668 15.7385
10 1 1 3 3 2 0.11333 0.01284 18.91285
11 1 2 1 1 3 0.07667 0.00588 2230787
12 1 3 2 2 1 0.08667 0.00751 21.24296
13 2 1 2 3 1 0.09 0.0081 20.91515
14 2 2 3 1 2 0.07 0.0049 23.09804
15 2 3 1 2 3 0.13667 0.01868 17.28675
16 31 3 2 3 0.13667 0.01868 17.28675
17 32 1 3 1 0.09667 0.00934 20.29447
18 303 2 1 2 0.09333 0.00871 20.59926
Téng 1.953 0.22935
Trung binh 0.1085 19.61919

Trong tinh toan théng ké, do 1éch toan phwong trung binh, viét tit MSD (Mean squared diviation) ctia mot
phép wdc lugng 1a trung binh clia binh phuong cac do 1éch (sai s6), tirc 1 su khac biét giita cac ude lugng
va nhitng gi dugc danh gia. MSD 14 mot ham riii ro, trong (g véi gia tri ky vong clia sy mat mat d6 léch
binh phuong hodc mét mat bac hai. Sy khac biét xay ra do ngau nhién, hodc vi cac udc lwong khong tinh
dén thong tin co thé cho ra mot wdc tinh chinh xac hon [27].
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3.2 KétquaS/N

Dé tinh toan d6 nhidu, ham dwa ra dé tinh toan 1a S/N (signal/noise). Muc dich ciia bai bao 1a ti uvu d6 dong
déu, do d6 nguyén ly “nhé hon-tdt hon” duge chon va duge biéu dién bang phuong trinh (1). Két qua phan
tich ty s& S/N dugc biéu dién trong hinh 6, cho thay d¢ dong déu cta san phdm nhiét dinh hinh ting khi ty
s6 kéo cang nho va chiéu day tdm vat liéu cang nho. Pdng thoi, cac thong s6 khac nén duoc duy tri & gia
tri trung tam.

Bang 6: Két qua ty s6 S/N cho mdi thong sé cai dit.

Yéu to A B C D E Téng cong
Té Mac 1l  19.96265 19.53314 19.58888 21.47588 21.33991

ong ty
8 SI%I Y Muc2  20.05951 20.76038 19.81375 19.31729 19.58680 58.85757
¢

Muic 3  18.83542 18.56406 19.45494  18.06440 17.93086
D6 chénh léch 1.22409  2.19632  0.35881 3.41149  3.40905  10.59976
Phan tram % 11.55 20.72 3.39 32.18 32.16 100

22.00
21.50

21.00
20.50 -

) A2 C2
20.00 .’Q\
19.50
19.00
18.50

18.00
17.50
17.00
290 300 310 38 40 42 26 27 28 15 2 235 0202503

D1 E1l

Ty1é $/N

Cic thong s6
Hinh 6. Két qua phén tich ty s6 S/N cho thdy anh hudng cua cac thong sb cai dat ddi véi d6 ddng déu.

3.3 K&t qua phan tich ANOVA

Dé tiép tuc nghién ctru mirc 6 anh hudong cua cac thong sé cai dat ¢é lién quan, phuong phap ANOVA
dugc thuc hién nhu trong bang 7. Phi hop vdi phan tich ty s6 S/N, ty s6 kéo cang nho va chiéu day tam vat
liéu c6 anh huong 16n tdi viée giam do chénh 1éch vé do day. Méc du c¢6 xu hudng tuong tu gitta ty s6 S/N
va phan tich ANOVA, c6 su khéc biét nho veé do 16n cua cac thong so cai dat. Phuong phap ANOVA chi
cho thay hai thong s6 gom ty so kéo va chi€u day tam vat li€u, vi c6 gia tri F 16n hon Fo,01.2,7), 1a c6 ¥ nghia
thong ké. Chung dong gop lan luot 1a 32.48% va 34.90% vao su bién thién cta dac tinh chat lugng dang
khéo sat.
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Bang 7: Bang két qua ANOVA.

S f v F Fooi27n P% Xép hang
A 0.00072878 2 0.000364389 1.43315 9.54658 4.18 4
B 0.00290915 2 0.001454574 5.72089 9.54658 16.67 3
C 0.0002747 2 0.000137352 0.54021 9.54658 1.57 5
D 0.00566804 2 0.002834019 11.14629 9.54658 32.48 2
E 0.00609026 2 0.00304513  11.97660 9.54658 34.90 1
Sai s6 0.0017798 7 0.000254257

Téngcong  0.01745072 17

3.4 Kiém tra xac thyc

Tir phan tich ty s6 S/N, ta c6 thé xac dinh ring d6 dong déu vé do day ti thidu c6 thé dat duoc tir diéu kién
thong sé qua trinh A2-B2-C2-D1-E1 nhu dugc chi ra trong hinh 6. Két qua nay dwoc kiém tra xdc thyc
bang phan mém Minitab®. Két qua xac thuc (hinh 7) cho thay su nhat quén véi két qua tinh thii cong bang
Excel®. Diéu nay cho thdy tinh chinh x4c ciia qua trinh van dung cong thirc. Thuc tién cho thdy, cac k§ su
trong cic phan xudng san xuit chi van dung phan mém, ching han nhu Minitab®, dé ti thiéu héa thoi gian
quy hoach thyc nghiém va phan tich két qua.

Main Effects Plot for SN ratios
Data Means

Mhiét £145 Khodng cach Thdi gian Ty =5 kéo 24 day

22

21
20| o— \
& .//. \“‘.
19
18
23 15 7 25 02 025 03

26 27

Mean of SN ratios

290 300 30 38 a0 a2
Signal-to-noise: Smaller is better

Hinh 7. Két qua thuc hién phuong phap Taguchi bang phin mém Minitab®.

Thém mdt thuc nghiém nita dugc thuc hién, dung nhiing diéu kién nay dé xac nhan, hinh 8. Két qua cho
thdy ring do dong déu vé d¢ day cua san pham 1a 0.06 mm, vén duogc dinh nghia 13 hiéu sb gitra d6 day cuc
dai va cuc tiéu trong ving tao hinh, hinh 9. Gi4 tri nay thap hon gia tri 46 ddng déu cua tat ca cac truong
hop dugc xem xét trong mang truc giao dugc liét ké trong bang 5.

Tir thir nghiém xac nhan nay, ta c6 thé két luan duoc rang phuong phap Taguchi c6 thé tao ra mot sy két
hop céc thong sé qua trinh t5t hon dé c6 thé giam thiéu d6 khong ddng déu vé& d6 day cua san pham.
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Hinh 8. Két qué thuc nghiém xac thuc béng diéu kién tdi wu
MNo. 18

0.15 4

)

E 0.12 4 =

:a-n_ue- \\ '\_/\' "_'_'_'_'_'_'_'_/\/' ‘/_/- | Max - Min

day (

d

a \\ j i
o5 0.06 .
fl e
o
0.03 4 ]
U'UU T T T T T
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Vitri do (mm)

Hinh 9. Phan tich két qua thuc nghiém xac thuc bing didu kién t6i uu

4 KETLUAN VA PE NGHI

Trong nghién ctru ndy, phuong phép Taguchi duge sir dung dé nghién ctru anh hudng ciia céc thong sé qua
trinh 1én d¢ dong déu vé& d6 day ciia cac san phdm nhiét dinh hinh. Ky thuat ti vu hoa don gian dugc st
dung trong nghién ctru nay vé co ban bao gdm ky thudt mang truc giao ctia phuong phap Taguchi duge su
dung két hop véi phan tich phuong sai ANOVA. Trong qua trinh nhiét dinh hinh co ban ding khuén duong,
nam thong sb qué trinh dwgc xem xét. Tir phan tich ty s6 S/N va ANOVA dua trén phuong phap Taguchi
v6i mot mang tryc giao Lis (3%), chiu day tAm vat liéu va ty s kéo 1a hai thong s6 quan trong nhét dé giam
thiéu d6 chénh léch vé d6 day cuia san pham. Két qua cho thay d6 ddng déu tdi uu trong truong hop déu
vao toi thiéu da dat duge. O diéu kién van hanh g6m nhiét d6 300°C, khoang cach 40 mm, thoi gian gia
nhiét 27 s, ty s6 kéo 1.5 va d6 day cia tim nhwa 0.2 mm, két qua d6 ddng déu la 0.06 mm. Két qua nay t6t
hon két qua nhé nhét trong 18 thi nghiém truge d6 1a ¢ thi nghiém s6 #14 (0.07 mm).

Su don gian va hi¢u qua ctia phuong phap t6i wu hoa du‘oc su dung trong nghlen ctru ndy c6 thé c6 ich trong
céc cong nghé san xuat khac nhau va cac xudng san xuét, noi khong ¢6 nhiéu thoi gian dé phan tich va ap
dung cac ham muc tiéu phirc tap. Nhitng 1y thuyét va tinh toan vé Taguchi va ANOVA nham dé céc ky su
hiéu ban chit cua qua trinh, trong thuc tién san Xuét, toan bd qua trinh t61 uu hoa c6 thé duoc thuc hién boi

© 2020 Truong Pai hoc Cong nghiép Thanh phd H6 Chi Minh



TOI UU HOA CAC THONG SO HOAT BONG CUA THIET BI NHIET DINH HINH 15
BANG PHUONG PHAP TAGUCHI

Minitab®, von c6 thé dé dang cai dat ¢ cic xuong san xuét. Tir d6, nghién ctru ndy c6 thé gép phan lap diy
khoang céch giita nghién ctru hoc thuat va thuc tién san xuat cong nghiép ngay nay.

LOI CAM ON

Trong sudt qua trinh thuc hién cong trinh nghién ciru va thuc nghiém, nhém tac gia xin chan thanh cam on
qu¥ nghién ciru khoa hoc truong Pai hoc Cong Nghiép TP.HCM, Viét Nam da tai trg cho nghién clru nay
thong qua du an s6 20/1.1CK01. Ddng thoi, cac tac gia ciing xin chan thanh cim on gitp d& tir Pho Trudng
khoa Cong Nghé Hoa Hoc, TS. Tran Nguyén Minh An ciing ¢6 quan Iy thiét bi khoa Cong Nghé Hoa Hoc,
truong dai hoc Cong Nghi¢p TP.HCM, Viét Nam, da nhiét tinh cho nhém mugn bom hut chan khéng dé
tién hanh thuc nghiém tai phong thi nghiém F0.06.
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