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TOM TAT

Nghién ciru tdp trung t6i wu héa quy trinh ép phun hé tro nwée (WAIM) nham cdi thién do
dong deu do day twong con lai (RWTU), yéu té anh hwéng dén tinh chdt co hoc ciia san pham réng.
MG hinh mé phéng sé dwoe xdy dung bang Moldex3D va xdc thwc véi dit liéu thue nghiém. Céc
théng sé qud trinh nhw nhiét do nhwa, khuon, kich thuoc Short-shot dp sudt nwée, nhiét dg nudc,
thoi gian tré va gia dp dwoc phdn tzch bang Thiét ké Trung tam To hop (CCD) két hop Phu’ong phap
Bé mat Dap ing (RSM). Qud trinh t6i wu héa sir dung thudt todn bay dan (PSO) dé téi thiéu hoa do
léch chuan (SD) ciia dé day. Két qua cho thay phirong phép da dé xudt glup ting dé dong déu, tiét
kiém vat liéu va duy tri tinh ndng co hoc, dong thoi mang lai gid tri thue tién cao cho cong nghiép.

Tw khéa: Ep phun c6 hé tro nuée (WAIM); Moldex3D,; Phwong phdp Bé mdt Pdp img
(RSM); Thieét ke Trung tam To hop (CCD); Thudt toan Bay dan (PSO), P¢ dong déu bé day twong
con lai (RWTU).

ABSTRACT

The study focuses on optimizing the Water-Assisted Injection Molding (WAIM) process
to improve the uniformity of the remaining wall thickness (RWTU), a key factor affecting the
mechanical properties of hollow plastic parts. A numerical simulation model was developed using
Moldex3D and validated against experimental data. Process parameters such as melt temperature,
mold temperature, short-shot size, water pressure, water temperature, delay time, and packing
time were analyzed using Central Composite Design (CCD) combined with the Response Surface
Methodology (RSM). The optimization was carried out using the Particle Swarm Optimization
(PSO) algorithm to minimize the standard deviation (SD) of the wall thickness. Results showed
that the proposed method significantly enhanced thickness uniformity, reduced material usage, and
maintained mechanical performance, offering high practical value for industrial applications.

Keywords: Water-Assisted Injection Molding (WAIM); Moldex3D,; Response Surface
Methodology (RSM); Central Composite Design (CCD),; Particle Swarm Optimization (PSO);
Uniformity of Remaining Wall Thickness (RWTU).
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1. GIOI THIEU

Cong nghé ép phun c6 hd trg nuéc
WAIM (Water-Assisted Injectlon Molding) [1]
da thu huat sy cha y v dang ké trong thot gian gan
day nho cac rru diém nhu san pham nhe, it ngan
chu ky san Xuét va mang lai sy linh hoat trong
thiét ké ciing nhu ché tao cac bd phan nhya. Quy
trinh nay bao gdm viéc bom nhira néng chay vao
1ong khuén, c¢6 thé 1a mot phan (short-shot) nhu
H1nh 1 (a) [2] nguyén ly ctia qua trinh ép phun
ngan hodc toan bo (full-shot) nhu Hinh 1 (b) [2]
nguyen Iy clia qué trinh ép phun day. Tlep theo,
chét luu duoc bom vao va ¢ép chat. Cudi cung,
thao khuon va lay san pham.

Hién nay, cac loai nhya nhi¢t déo téng
hop c6 gia cudng soi thity tinh ngan (short glass-
fiber reinforced thermoplastic composites) phat
trién nhanh nhét va chiém khoang 30% thanh
phan nhwa tong hop [3]. Michaeli va cong su
[4] dd nghién ctru qua trinh ép phun hd tro
nude ddi véi ca polypropylene va cac chi tiét
dng PP composite gia cudng soi thuy tinh. Ho
nhan thay thoi gian 1am mét can thiét cho cac
PP composite ép phun hd trg nude ngin hon so
voi cac composite ép phun hd tro khi.

(b)
Hinh 1. So do minh hoa: (a) Quy trinh ép phun
ho tro nudc ngan (short-shot); (b) Quy trinh ép
phun ddy cé van tran hé tro nueée (full-shot with

overflow) [2].

Nghién ciru nay t6i uu héa quy trinh
WAIM cho vét li¢u PP gia cuong 20% soi thuy
tinh (PP +20% GF) nhiam cai thién 46 dong déu
bé day thanh tuong san pham, véi do 1éch chuan
lam ti€u chi danh gia chinh. Cac budc trong
bai bao nay nhu sau: (i) Thiét ké thyc nghiém
theo phuong phap CCD (Central Composite
Design) dé khao sat anh huong cta cac tham
sO qua trinh; (ii) Xir 1y anh tir mo phong CFD
(Computational Fluid Dynamics) dé tinh toan
d6 chénh léch bé day; (iii) Xy dung mé hinh
RSM (Re-sponse Surface Methodology) mo
phong mdi quan hé giira tham s6 dau vao va do
day thanh; (iv) Téi uvu hoa bang thuat toan PSO
(Particle Swarm Optimization).

2. PHUONG PHAP LUAN
2.1. Phat biéu bai toan

Mo hinh m6 phong sur dung long khuon
dang 6ng cong véi miat cat vuéng 15x15 mm
nhu Hinh 2 [1], trong d6 ba vi tri dac trung (P1,
P2, P3) dugc chon dé do ludng gia tri dau ra.

P2

Hinh 2. M6 hinh hinh hoc sir dung trong mé phong.

Bay tham s6 cong nghé dau vao dugc
khao sat gdm: Nhiét d6 nong chay [220-240
°C], nhiét d6 khudn [45-75 °C], kich thude bin
ngan [61-71 %], 4p suit nudc [6-9 MPa], nhiét
d6 nudc [45-65 °C], thoi gian tré [0-3 gidy] va
thoi gian gia ap [20-40 °C].

Muc tiéu 12 t6i thiéu hoa do 1éch chuan
dua cua bé day thanh tuong cia san pham dé
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dam bao thanh mong déu, qua d6 nang cao do
chinh xac hinh hoc, tinh 1ap lai va d¢ tin cay
trong san xuat hang loat.

2.2. M6 hinh toan hoc

Dé dam bao qua trinh tinh todn hoi tu va
phi hop véi diéu kién ép phun thyc té, mo hinh
toan hoc gia dinh nhu sau: (i) Ap dung diéu
kién khong trugt gitra dong nhya nong chay va
thanh khuén; (i) Xem nhiét d6 qué trinh dién
day nhya 1a dang nhiét; (iii) B6 qua su sinh
nhiét nht do ma sat ndi tai trong chat long gay
ra boi lyc cit. Do d6, phuong trinh chi phdi
(bao toan khdi luong, dong lugng, ndng luong)
[5] cho dong chay ba chiéu khong dang nhiét
nhu sau:

P i v.pu=o, ()
FT + V.pu =
d
3 (pu) + V.(puu+ 1) "
=—-V.p+ p.g
C (BT ?T)
p ot + u.
= V. (kVT) 3)
+7y°

Trong d6: u = vecto van tdc, T = nhiét
d6, t = thoi gian, p = ap sudt, T = tenxo ing suit,
g = vecto gia toc trong trudng, p = mat do, m =
do nhét, k = d6 dan dién, C,= nhiét dung riéng
va V =tbc do cat.

Pé mo ta cac tinh chat luu bién cua
nhya nong chay trong kénh dong chdy cua
khuén, phuong trinh cau thanh Cross két hop
v&i ham Arrhenius [5] duoc Iya chon:

T=—n(Vu+ vu’), 4)

. No(T)
n(T,y) = ", 5
1+ (op/t)rn” ©

T
L@ =8w(L)  ©

Trong d6: n = chi s6 dinh luat liiy thira,
n, = d6 nhot khi khong ¢6 bién dang, t* = tham
so mo ta Vung chuyén tiép giita ving khong c6
tdc do bién dang va vung tuan theo dinh luat
liy thtra trén duong cong d nhot.

2.3. Phuwong phap sb

Phin mém Moldex3D duoc sir dung
dé moé phong qua trinh WAIM nho kha ning
tai hién day du cac giai doan ép nhwa va tich
hop mo-dun WAIM v6i mo hinh dong chay hai
pha (nhya — nudc) [5]. Cong cu nay giup danh
gia chinh xac hién tuong réng hoa, phan bd vat
lidu, t6i wu thong sé cong nghé, giam chi phi
thir nghiém va ning cao hiéu qua san xuat.

2.4. Thiét ké qua trinh ti wu

Qua trinh tdi wu hoa dugc thuc hién
theo cac budc dugc trinh bay rd rang trong luu
d6 Hinh 3. Pau tién, xac dinh cac thong sé quy
trinh va muc tiéu toi wu, trong nghién ctru nay
1a giam do léch chuan (SD) cua san pham ép
nhya. Bdy nhan td dau va cac mirc duoc chon
dé khao sat nhu Bang 1.

Tiép theo, thiét ké thuc nghiém duogc
xdy dung dya trén thiét ké trung tim t6 hop
(CCD) trong phuong phap bé mit dap tng
(RSM) [6], v6i téng cong 41 thi nghiém duoc
thue hién dé danh gia anh hudéng cua cac yéu to
dau vao dén SD. Sau d6, chay mo phong dé thu
thap dir liéu can thiét, tir 46 xay dung mé hinh
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thay thé thong qua phuong trinh hoi quy boi
béc hai, biéu dién mbi quan hé giita cac bién
dau vao va do 1éch chuan dau ra [6].

Khi m6 hinh da duoc xay dung, tién
hanh danh gia chat luong mo hinh thong qua
phan tich hoi quy va ANOVA (Analysis of
Varlance) bang phan mem Des1gn Expert 12.
Néu mé hinh chua du tbt, cAn quay lai bu’orc
thiét ké va mo phong. Khi mé hinh dat yéu cau,
sir dung thuat toan tdi wu bay dan (PSO) [7]
dé tim gia tri t6i wu cua cac tham sd dau vao.
Trong nghién ctru nay, PSO dugc ciu hinh véi
10 1an chay doc 1ap, 500 vong lap t6i da va 100
hat trong quan thé.

Qua trinh t6i wu duoc 1ap lai cho dén
khi dat hoi tu, tirc 1a khong con cai thién dang
ké vé két qua. Khi héi tu duoc xac nhan, ta thu
duoc giai phap t6i wu. Cubi cung, xac thuc két
qua duoc thuc hién dé dam bao rﬁng diéu kién
ti wu thuc su mang lai gia tri SD nho nhét nhu
ky vong.

Bdng 1. Cdc nhén t6 va mikc dwoe lya chon [1].

Muc 1 Mic 2 Muc 3
A 220 230 240
B 45 60 75
C 61 66 71
D 6 7.5 9
E 45 55 65
F 0 1.5 3
G 20 30 40

2.5. Tiéu chi danh gia

Dé danh gia hiéu suit ciia mo hinh trong
viée du doan SD, hai chi sb théng ké bao gém
can bac hai sai s trung binh binh phuong RMSE
va hé s xac dinh (R?) da duoc tinh toan. Cac
tham s6 théng ké nay duoc dinh nghia nhu sau:

N N 2
RMSE — iz lly @) — 7 (DIl , (7)
N
2 ?rzl(yi - ﬁi)g
R =1-— o = (8)
e (Vi — %)

Trong d6: N = s6 diém dix liéu; y(i) = gia
tri do luong thir i; ¥(i) = gia tri dy doan thir i; ¥
= gid tri trung binh cua tat c4 cac thi nghiém.

Xac dinh thong 56 qua
trinh v muc tiéu 161
il

Thiét ké thyc nghiém

}
Chay mé phong
:

Xiy dung mo hinh thay thé

L. e

( ;.;m J
]

[ Mic thye két qud

Hinh 3. Luu do t6i wu héa
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2.6. Tinh toan d¢ l1éch thanh tudng

bPé tu dong hoa viéc do dac tir &nh mo
phong san pham phirc tap, mot mé hinh xir Iy
anh bang Python duoc xdy dung nham trich
xuat cac thong s nhu do day va do léch tim
(xem Hinh 4).

.":.'r'-.'I Trung Ham vung ¢ |'.l|.' al grm hir osung qued

B b i omanithl)
— R s
[ 1raa) ol

L= ea [ ]

Hinh 4. Biéu dién d¢ léch bé day thanh twong.
3. KET QUA VA THAO LUAN
3.1. Xac thuyc m6 phong

Dé kiém tra do tin cdy mo phong, phan
tich hoi tu dugc thuc hién béng cach tang )
phan tir ludi va theo ddi sy thay ddi chiéu dai
ngiu nudc (Penetration Length - LP). Pinh
nghia vé LP duogc giai thich rd trong tai liu [1].
Khi s6 phan tir tang tir 847000 1én 1042000, gia
tri LP gan nhu khong d6i nhu Hinh 5, cho thiy
mod hinh da hdi tu. Tuy nhién, thoi gian tinh
tang manh, nén ludi 847000 phén tir dugc chon
1a t6i wu gitta do chinh x4c va hiu qua tinh
toan.

3.2. Két qua t6i wu héa

Mo hinh du doan SD duogc xay dung
tur dir liéu mo phdéng va danh gia do chinh xac
bang hai chi s6 R? va RMSE. Két qua trong
Bang 2 cho thay mé hinh c6 do tin cdy cao, di

didu kién st dung trong bai toan tdi wu. Mot
s0 két qua mo phong theo thiét ke thuc nghiém
dugc trinh bay trong Bang 3.

Sau khi t6i wu bang PSO, bd thong s6
dau vao t6t nhat da duge xac dinh nhu Béng 4.
Viée kiém chimg lai bing mo phong cho thay
gid tri SD tai diém t6i wu sai léch dudi 10% so
voi du doan va co thé ung dung thuc tién nham
nang cao hiéu qua thiét ké so véi bo thong sd
thiét ké ban dau. Duya trén thiét ké CCD két hop
phan tich ANOVA, mdt phuong trinh da thirc
bac hai mé ta mdi quan hé giita bay thong sd
qua trinh doc 1ap va SD dang ma héa dugc xac
dinh:

SD = 1.33 + 0.0346A — 0.0470C + 0.0440D —
0.0260E + 0.0247AC — 0.0478AD
+0.0442AE - 0.0889B — 0.0413CE + 0.0128C
+0.0115CG

+0.0200DF + 0.0152EF — 0.0645F + 0.1339A2
—-0.1025B

+0.1110D?

Bdng 2. Céc tham sé thong ké ciia mé hinh RSM

R? 0.9078
0.0414

CaFrdangancs ¥, halee Tima

e - -
r _\___\_\_ y i
-
- B |
-

&=
Voo '
" i 4

Hinh 5. 6 thi kiém tra ludi hdi tu
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Bdng 3. Ma trdn thi nghiém va cdc két qua tiwong irng

Run A B C D E F G SD

1 230 60 66 7.5 65 1.5 30 1.2942

2 220 75 61 9 45 0 20 1.4968

3 230 60 66 9 55 1.5 30 1.5281

40 230 60 66 7.5 55 1.5 30 1.2638

41 230 75 66 7.5 55 1.5 30 1.2692

Bdng 4. Bang tinh gid tri t0i wu va sai s giita gid tri dir dodn va mé phong
Factors A B C D E F G SD Error

°C °C | % | MPa| °C s s Optimum Verification %

Value | 2334 750|647 | 73 | 589 | 2.1 | 20.0 1.1492 1.2465 7.8

4. KET LUAN

Nghién ctru ndy chimg minh hiéu qua
ctia viéc tich hop Moldex3D voi thiét ké thi
nghiém CCD, m6 hinh RSM va thuét toan PSO
nham t6i vu do dong déu d6 day tuong con lai
(RWTU) trong san pham WAIM. Két qua tdi
uu tir PSO cho thay SD giam dang ké trong
khi van dam bao diéu kién cong nghé kha thi.
Ngoai ra, phuong phap xu 1y anh ty dong gitp
nang cao toc d6 va do chinh xac trong phén tich
két qua.
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