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TOM TAT

Nghién ciru ndy cung cdp phwong phdp t6i wu ché dg ép phun cho san phdam nhwa PC
SABIC, logi LEXAN™ 141R véi chi s6 néng chay 10.5g/10 phit bang cach tién hanh thi nghlem
trén may ép phun. Chi tiét dwoc ding trong thi nghlem la vo ngoai trong suot ciia mot san pham dién
tir. Nghién ciru xdc dinh anh hwéng ciia cdc théng so ép 1én khuyét tat ngoai quan la dwong han va
do léech cua mot kich thuoc quan trong. Cac thi nghiem da dwoc thuc hién bcing cach swr dung mang
truec giao L16 va dwoce chudn héa bang phan tich quan hé xam (GRA). Cdc bién dau vao dwegc xem
xét bang phwong phap ANOVA. Pé xdc dinh cdc théng sé diic téi wu, phirong phdp Taguchi da dwoc
sir dung két hop véi GRA. Trong cdc thi nghiém nay, chiing téi da thu diege cdc thong sé toi wu, gitip
gidm chiéu réng dwong han 69.28% va dé léch kich thude giam 65.76%.

Tw khoa: Sdan phcfm nhua trong Suot; Duong han; Do léch kich thuoc; Ky thuat Taguchi;
Phan tich twong quan xam.

ABSTRACT

This study provides an optimization method for the injection molding parameters of a
SABIC PC product, grade LEXAN™ 141R, with a melt flow index of 10.5 g/10 min, by conducting
experiments on an injection molding machine. The part used in the experiment is the transparent
outer housing of an electronic product. The research investigates the influence of molding parameters
on visual defects, namely weld lines, and the deviation of a critical dimension. The experiments
were conducted using an L16 orthogonal array and were analyzed using Grey Relational Analysis
(GRA). The input variables were examined using the ANOVA method. To determine the optimal
molding parameters, the Taguchi method was used in combination with GRA. In these experiments,
we obtained the optimal parameters, achieving a 69.28% reduction in weld line width and a 65.76%
reduction in dimensional deviation.

Keywords: Transparent plastic product; Weld lines; Dimensional deviation, Grey relational
analysis.
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1. PAT VAN PE

Ngay nay, cong ngh¢ ép phun nhya dang
rat pho bién véi cac tiéu chi cho chat lugng san
pham ngay cang ting cao. Cac yéu cau doi véi
mot san pham chat lwong 1a kich thudc, co tinh
cling nhu ngoal quan la rat khat khe. Dbi voi
cac san pham trong sudt thi ngoal quan cang
quan trong hon, day ciing 1a mot yéu t6 dé danh
gid mot san pham chit lwong cao. Mot trong
nhiing 16i thudng gip trén san pham nhya trong
sudt noi riéng va cac san pham nhya nodi chung
1a 16i duong han (weld lines). Khi nhua chay
vong qua mot vat can trong khuodn, diém ma
vat liéu gdp lai nhau duoc goi la duong han [1].
Nhya s€ luon tao thanh duong han khi dong
chdy bi chia tach trong khuodn.

Pé giam thiéu dudng han trén san pham
can tac dong dén nhiéu yéu t6, co thé quy vé
4 tac nhan chinh (nguyén 1y 4M): Ché do ép
phun (Molding Process), Khuon ¢ép nhya
(Mold), May ¢ép nhua (Machine) va Vat li¢u
nhya (Materlal) [2]. Céc nghien cliru trudc day
chu yéu tap trung vao phan ché do ép phun dé
giai quyét van dé giam thiéu khuyét tat duong
han trén san pham. Nhiét d6 nong chay, nhiét
do khuon, toc do phun, ap suét gilr va thoi gian
lam ngudi 1a nhimg thong sé c6 anh hudng 16n
nhét [3], [4], [5], [6]. Nhiét do nong chay va
nhiét d6 khudn cao hon, ciing nhu téc d6 phun
tang 1am mo duong han va cai thién do bén.
Hasan Oktem va cong su [7] da ung dung két
hop phuong phap giai thuat di truyén (genetic
algorithm) va ti wu hoa biy dan (particle
swarm optimization) nham giam thiéu khuyét
tat duong han trong ép phun nhya. Céac thuat
toan nay di duoc st dung dé xac dinh cac diéu
kién ép phun t6i wu, dan dén giam 18,51% chiéu
rong dudng han théng qua diéu chinh can than
nhiét d6 néng chay, ap suat phun va thoi gian
lam ngudi. Satoshi Kitayama va cong sy [8]
dé xuat phuong phap tdi wu hoa gan ding tuan

tu (Sequential Approximate Optimization), st
dung mang ham co sé ban kinh (Radial Basis
Function), dugc su dung dé xac dinh cAu hinh
ap sut va van toc phun téi wu nham giam thiéu
hiéu qua cac khuyét tat duong han va thoi gian
chu ky ép.

Bén canh khuyét tit vé ngoai quan thi
kich thuéc san pham nhua ciing rat quan trong,
1a diéu kién danh gia san phém c6 dat dugc chit
luong hay khong. Nhiéu nghién ciru da chi ra
viéc diéu chinh thong sé ép phun co thé anh
huong to1 kich thudc san phém [9], [10], [11].
Chil-Chyuan KUO va cong sy [12] nghién clru
phuong phap thiét ké Taguchi c¢6 thé ding dé
nghién ctru anh huodng cua cac thong sd ép
phun dén do chinh xéc kich thudc cta thdu kinh
Fresnel trong qua trinh ép phun nhya. Két qua
cho thay yéu t chi phdi anh huéng dén do sau
ranh cta thiu kinh Fresnel 1a ap suét giit. M. R.
Mani va cng su [13] da nghién ctru st dung
phuong phap thiét ke thi nghiém de phan tich
anh huong cua van toc phun, ap sudt phun va
nhi¢t do nong chay ddi v&i @6 chinh xac kich
thudc va su hinh thanh bavia (flash) cua céac
chi tiét ép phun vi mo. Két qua thi nghiém chi
ra rang nhiét 4o nong chay va ap suét phun cao
hon thuong dan dén do chinh xac kich thudc tot
hon.

Trong nghién ctru nay, mot phuong
phap két hop gitra thiét ké Taguchi va phan tich
tuong quan xam (grey relational analysis) s&
dugc dua ra nham t6i uu cac thong sb ép phun
nham cai thién weld lines va tang do chinh xac
kich thudc cia mdt san phérn nhya trong sudt
lam tr nhya PC (Polycarbonate).

2. QUY TRINH THU NGHIEM
2.1. Vit liéu va khuén

Trong nghién ctru nay, nhva PC SABIC,
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loai LEXAN™ 141R v6i chi s6 nong chay
10.5g/10 phut da dugc chon cho quy trinh ép
phun. Chi tiét trong suét 1a vo ngoai ciia mot
thiét bi dién tr d3 duoc chon dé phan tich, sir
dung cong phun nong véi bo diéu khién dong/
mo cong. Cac thi nghiém tién hanh trén may
ép phun 470 tin hiéu Haitian (MA4700II S
model). Cac mo phong dong chay dugc thuc
hién nhim tim ra vi tri duong han trude khi dua
vao thir nghiém. Két qua mé phong duogc trinh
bay ¢ Hinh 1.

u) WP, =, 1P

Dhantrmp lobsy -

b)
Hinh 1. M6 phong qua trinh dién ddy cia san
phdm (a), vi tri dwong han trén san phdm (b).

2.2. Cac nhan to dau vao

Céc nhan t6 dau vao va cac muc gia tri
dugc tong hop va dua ra tir cac nghién ctru trudc
day cling nhu 101 khuyén tir cac chuyén gia. Chi
tiét cac thong sd dugc trinh bay ¢ Bang 1.

2.3. Céc nhén t6 diu ra

Dau ra dé danh gia chat luong san pham
1a bé rong dudng han (1) va do chinh xac cia
mot kich thudc quan trong (2). Cac thong sb
danh gi4 va thiét bi do dugc trinh bay ¢ Bang 2.

2.4. Két qua thwe nghiém

Két qua thuc nghiém tuong tng véi mdi
thi nghiém duoc trinh bay ¢ bang. O bang ciing
trinh bay gia tri SNR (Signal to Noise ratio) cua
cac két qua theo chun nho nhat tot nhat.

3. PHAN TICH TUONG QUAN XAM

Ty 1& S/N duoc chuan hoa tir 0 dén 1.
O day, chung ta thiy ty 18 S/N cang 16n thi qua
trinh thuc nghiém cang t6t, chuin hoa cang 16n
cang tot dugc ap dung bang Cong thirc (1) Khi
do, ty 18 S/N chuan hoa theo 16n nhat tot nhat
dugc biéu thi nhu trong Bang 3.

x? (k)— minx? (k)

X (k) - max x{ (k)— minx? (k) M
Amin t@Amax
(k) = Zmin
G0 = oA @)
Ayk) = [x,(k) = x,(k)| (3)

Apax= max Xy;; max xyi|xo (k) — x; (k)| (4)
Apin= min Xy; min Xy [ye (k) — y; (k)| (5)

vi = -2y wii (k) (6)

Trong do: x.” (k) 1a gia tri quan hé xam;
maxx” (k) va minx’ (k) lan Iuot 1a gia tri 1on
nhat va nho nhat trong day x, (k) & (k) 1a h¢
s6 quan hé xam; A, (k) la hleu sO gitra cac vi tr1
twong ung trong day x,(k) va x,(k); ¢ la h¢ sO
nhan dang, thuong 1a 0.5.

Két qua tinh toan hé s tuong quan
xam (grey correlation calculation — GRC) va
cép quan hé xam (grey relational grade — GRG)

dugc trinh bay trong Bang 3. Phan tich khoang <~
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(range analysis) cho gié tri GRG dugc trinh bay
& Bang 4, tir dy c6 thé thay cac nhan td 4p suat
gilt va van toc phun nhwa anh huong 16n dén
dau ra cua nghién ctru. Thong sb ti wu duoc
suy ra tr Bang 4 1a A1B1CIDI1E].

4. PHAN TiCH PHUONG SAI

Phan tich phuong sai (ANOVA) trén
GRG duoc thyc hién dé tim ra nhitng yéu tb
chinh anh huéng dén dau ra cua cac dau vao
khac nhau, tir d6 cho phép chung ta tim ra nhan
t6 dong vai trd chinh trong viéc anh huong dén
dau ra va duoc trinh bay trong cac thong sb
ép c6 anh huong 16n dén GRG (Bang 5). Két
qua 13 hai thong sé ép: ap suét giit (tic dong:
36.68%), va van téc phun (tac dong: 34.44%)
dugc coi 1a dong vai tro chinh dén chiéu rong

duong han va do I¢éch kich thudc quan trong
cua san pham.

5. KET QUA XAC THUC

Béang 6 trinh bay két qua cia cac thi
nghiém xac nhan, cho théy hi€u qua ro rét cua
cac thong s6 toi vu. Cu thé, do rong duong
han da giam tir 0.0625 xudng 0.0192 (cai thién
69.28%), va do Iéch kich thudc giam tir 0.1452
xudng 0.0518 (cai thién 65.76%). Két qua tir
céc thi nghiém nay ciing cho thiy su tuong
quan chat ché gitra gia tri GRG du doan va thuc
nghiém. Diéu nay khing dinh tinh hiéu qua cua
phuong phap GRA dua trén Taguchi trong tbi
uu hoa da myc tiéu, gitp giam thiéu khuyét tat
duong han dong thoi nang cao d6 chinh xéc
kich thudc.

Badng 1. Cdc nhan to dau vao va murc do

Ky hiéu Nhin tb Level 1 Level 2 Level 3 Level 4
A Nhiét d¢ nhya 70 80 85 90
B Nhiét do khuén 295 300 305 310
C Van téc phun 60 65 70 75
D Ap suét giir 25 30 35 40
E Thoi gian lam ngudi 20 25 30 35
Bdng 2. Cdc théng sé danh gid va thiét bi do lwong
Muc tiéu tdi wu Pon vi Gia tri yéu ciu Thiét bi do lwomg
Weld lines width mm Ideal =0 Keyence IM 7500 -
X X - 0.0001 mm (Hinh 2b)
Dimension 1 (Hinh 2a) mm 109.65 + 0.38

(@

(b)
Hinh 2. Kich thudc quan trong cua san phdm (a), thiét bi do luong Keyence IM 7500 (b).
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Bdng 3. Bang tinh gia tri GRC cho 16 thi nghiém

Nhén t6 ddu vao Ké;gl‘l‘ég‘“c SNR GRA GRG
rﬁBf Sailéch | Bé rong | Sailéch rﬁBf li:lil
STT A B C D E du-(,rfg kich | dwdng | kich dlr-(,rfg et
han thudc han thuée han thube
1 70 295 60 25 20 | 0.0625 | 0.1511 | 29.1435 | 16.4147 | 1.0000 | 0.3337 | 0.9978
2 70 300 65 30 25 | 0.0498 | 0.0882 | 15.5301 | 21.0906 | 0.3457 | 0.5506 | 0.3816
3 70 305 70 35 30 | 0.0381 | 0.0913 | 14.7605 | 20.7906 | 0.3333 | 0.5286 | 0.3816
4 70 310 75 40 35 | 0.0267 | 0.1104 | 15.7669 | 19.1406 | 0.3496 | 0.4332 | 0.4374
5 80 295 65 35 35 | 0.0487 | 0.1305 | 16.5363 | 17.6878 | 0.3632 | 0.3738 | 0.5242
6 80 300 60 40 30 | 0.0476 | 0.1426 | 16.2892 | 16.9176 | 0.3588 | 0.3484 | 0.5987
7 80 305 75 25 25 | 0.0349 | 0.1137 | 17.3484 | 18.8848 | 0.3788 | 0.4214 | 0.4625
8 80 310 70 30 20 | 0.0322 | 0.0608 | 19.2674 | 243219 | 0.4214 | 1.0000 | 0.3773
9 85 295 70 40 25 | 0.0423 | 0.0889 | 16.0986 | 21.0220 | 0.3554 | 0.5454 | 0.3879
10 85 300 75 35 20 0.036 | 0.0611 | 15.2844 | 242792 | 0.3416 | 0.9893 | 0.3379
11 85 305 60 30 35 | 0.0416 | 0.1212 | 16.5014 | 18.3299 | 0.3626 | 0.3979 | 0.4816
12 85 310 65 25 30 | 0.0362 | 0.1513 | 20.9635 | 16.4032 | 0.4678 | 0.3333 | 0.7339
13 90 295 75 30 30 | 0.0384 | 0.0714 | 15.8365 | 22.9260 | 0.3508 | 0.7393 | 0.3562
14 90 300 70 25 35 | 0.0394 | 0.1015 | 14.8512 | 19.8707 | 0.3347 | 0.4708 | 0.4054
15 90 305 65 40 20 | 0.0328 | 0.1316 | 14.9042 | 17.6149 | 0.3356 | 0.3712 | 0.5161
16 90 310 60 35 25 | 0.0339 | 0.0917 | 16.5246 | 20.7526 | 0.3630 | 0.5259 | 0.3973
Bdng 4. Bang dap ung cho cac gia tri trung binh cia GRG
Mic | Nhiét do khudn | Nhiét dd nhwa | Van téc phun | Ap suit gitt | Thoi gian lam mat
1 0.5496 0.5665 0.6189 0.6499 0.5573
2 0.4907 0.4309 0.5390 0.3992 0.4073
3 0.4853 0.4604 0.3881 0.4102 0.5176
4 0.4188 0.4865 0.3985 0.4850 0.4621
Delta 0.1309 0.1356 0.2308 0.2507 0.1500
Rank 5 4 2 1 3
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Bdng 5. Phan tich ANOVA cho GRG.

Nhan to Deviation sum of Degree of freedom f | Mean square value F P (%)
squares S
A 0.03437 3 0.01146 034 | 7.85%
B 0.04068 3 0.01356 041 | 9.29%
C 0.1508 3 0.05027 2.10 | 34.44%
D 0.1606 3 0.05352 2.32 | 36.68%
E 0.05137 3 0.01712 0.53 | 11.73%
Bdng 6. Gid tri xac thuc tai diéu kién ép 16i wu.
Nhiétd9 | Nhiétdd | Vantéc | Apsuat | Thoigian | Bérong | Do léch
khuoén nhua phun gitr lam mat | dwong han | kich thwéc
Dieu kién 70 295 60 25 20 0.0192 | 0.0183
€p to1 uu
6. KET LUAN

Trong nghién clru nay, ky thuat GRA
dua trén Taguchi mang dén co hoi cai thién va
t6i wu hoa cac thong sb ép phun. Trong nghién
clru nay, chiéu rong duong han va do 1éch kich
thudc dugce ldy 1am dau, duwoc GRA chuyén ddi
thanh mot GRG duy nhat, diéu nay rd rang giup
dat dugc mot thong sd quy trinh 1y twong dé
giam thiéu cac khuyét tat duong han va do léch
kich thudc, dong thoi dat dugc sy két hop 1y
tuong cua cac thong sd duc 1a AIBICIDIEL.

Loi cam on:

Nhom tac gid chan thanh cam on su
hd trg cua Trudng Pai hoc Su pham K§ thuat
Thanh phé H6 Chi Minh (HCMUTE) trong dé
tai nghién ctru mi s6 T2024-14. Ching t6i xin
chan thanh cam on sy hd trg vé co s& vat chat
va ngudn luc di cung cdp dé thyc hién nghién
clru nay. %
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