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ABSTRACT

This study developed a numerical simulation model of the injection
molding process to analyze the influence of processing parameters on
product deformation and to determine an optimal parameter set for warpage
minimization. The model successfully reproduced the filling, packing, and
cooling stages, enabling detailed monitoring of temperature distribution,
pressure evolution, and deformation fields throughout the entire molding
cycle. The simulation results provide a scientific basis demonstrating that
product warpage is primarily governed by two key mechanisms:
differential temperature effects and volumetric shrinkage. For Ultramid A3
(PAG66), volumetric shrinkage plays a dominant role, directly contributing
to post-cooling deformation. By integrating the Design of Experiments
(DOE) method with numerical simulation, the optimal processing
parameters were determined as follows: melt temperature of 280 °C, mold
temperature of 80 °C, packing time of 4 s, and maximum packing pressure
of 60%. These conditions ensure a balanced interaction among filling
behavior, packing effectiveness, and cooling rate, thereby significantly
enhancing dimensional stability and reducing warpage. The proposed
approach demonstrates strong effectiveness in injection molding process
optimization and exhibits high potential for practical industrial application.

Ung dung mé phoéng so két hop thiét ké thi nghi¢m dé toi wu thong sb ép phun
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TOM TAT

Nghién ctru da xay dyng m6 hinh mé phong s0 qua trinh ¢p phun nhim
phan tich anh huong cua cac thong s6 cong nghé dén blen dang va xac dinh
b thong s6 tdi wu dé giam thidu cong vénh. M6 hinh sb d tai hién ddy du
cac giai doan dién day, bao ap va lam mat, dong thoi cho phép theo doi chi
tiét su phén bd nhiét do, ap suat va trudng bién dang trong toan bo chu
trinh. Két qua mo phong cung cip co so khoa hoc 1am 16 rang cong vénh
ctia san pham chu yéu chiu chi phdi boi hai co ché chinh 14 chénh 1éch nhiét
d6 va co it thé tich. B6i vai vat liéu PA66 Ultramid A3, co rut thé tich giir
vai tro quyét dinh, tac dong truc tiép dén sy bién dang sau khi lam ngudi.
Ket hop phuong phap thlet ké thi nghiém (DOE) véi mé phong s, bo thong
50 t6i uu duge xac dinh gom: nhiét d6 nhya 280 °C, nhiét d khudn 80 °C,
thoi gian bao 4p 4 s va ap sudt bao ap 60% ap sut cuc dai. Cac thong s6
nay dam bao sy can bang giita dién day, bao 4p va lam mat, qua d6 cai thién
dang ké d6 6n dinh hinh dang va giam cong vénh. Phuong phap dé xuét
chung minh hi¢u qua trong t6i wu hoa qua trinh ép phun va c6 tiém nang
ung dung thuc tién cao.

Doi: https://doi.org/10.54644/jte.2026.2113
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1. Giéi thiéu

Ep phun 1a mot trong nhiing phuong phap gia cong polymer pho bién va quan trong nhat hlen nay
nho kha nang san xuat hang loat v6i nang suat cao, do lap lai t6t va kha nang tao hinh cac chi tiét co
hinh dang phtic tap v6i chit luong bé mit cao. San phdm nhira ché tao bang ép phun dugc tng dung
rong rii trong nhiéu linh vuc nhu cong nghiép 6 t6, dién — dién tir, thiét bi y té, hang tiéu dung va bao
bi. Nho wu diém vé khdi luong nhe, chi phi hop 1y va tinh linh hoat trong lya chon vat liéu, cong nghé
ép phun ngay cang giir vai tro chu dao trong san xuat cac chi tiét k§ thuat c6 yéu cau cao vé do chinh
xac va hiéu nang st dung.

Tuy nhién, qua trinh ép phun chiu anh hudéng manh boi cac thong $6 cong nghé, dac tinh vat liéu va
diéu kién 1am mat trong khuon. Trong s6 cac khuyét tat thuong gip, hién tuong cong vénh duge xem la
mot trong nhitng van dé nghiém trong nhat do anh hudng truc tiép dén do on dinh kich thudc va hinh
dang ciia san pham. Cong vénh phat sinh chu yéu tir su co rat khong dong déu va sy hinh thanh tng suat
du trong qua trinh 1am ngudi. Sai 1éch hinh hoc do cong vénh c6 thé gay khé khan trong lap rap, 1am
giam tinh ning co hoc, d6 kin khit va do tin cdy ciia san pham, dong thoi 1am gia ting ty 1é phé pham
va chi phi san xuét. Vi vy, viéc kiém soat va giam thiéu cong vénh c¢6 y nghia quan trong trong dam
bao chét luong va nang cao hleu qué kinh té ctia qua trinh ép phun Nghlen ctru co ché hinh thanh bién
dang va t6i wu héa cac thong sb cong nghé la nhung huéng tiép can can thiét nhim cai thién d6 6n dinh
kich thu6c va dap Gmg cac yéu cau ngay cang khét khe ctia san xuit cong nghiép hién dai.

Nhiéu nghién ctru da tap trung phén tich co ché hinh thanh cong vénh trong ép phun thong qua mo
phong s6 va thuc nghiém. M6 hinh mé phéng s6 ba chiéu dua trén phuong phap thé tich hitu han nham
mo ta qua trinh dién day khuén trong ép phun, dit nén tang cho viéc phan tich phan b nhiét do, ép suét
va dong chay polymer da phat trién trong nghién ctu [1] Trén co s6 md phong, cac phuong phap tdi wu
héa nhu ANOV A, mang no-ron va thuét toan di truyén di duoc so sanh nhim giam cong vénh [2]. Tiép
d6, anh hudng cua cac thong ) ép phun va vat li€u khuon dén tinh chét co hoc da duoc nghién cuu,
ddng thoi phuong phap Taguchi da duoc Gmg dung dé t6i wu hoa cac tham sé cong nghé [3], [4]. Mot
mo hinh danh gia anh huong cta hé théng 1am mat dén nhiét do va co rat da dugc xay dung [5], trong
khi mdi quan hé gitra cAu hinh lam mat va cong vénh da dugc lam 10 [6]. Kiém soat nhiét do cuc bo cua
khuon di duogc dé xuit nham giam bién dang ddi véi san pham thanh moéng [7]. Anh hudng cia cac
thong s6 cong nghé dén do bén, co rit va cong vénh da dugc hé thong hoa trong mot nghién ciru tong
quan [8]. M6 phéng sb da duogc st dung dé phan tich hién twong cong vénh trong cac san phim lai nhe
¢6 chén insert [9], trong khi viéc két hop t6i wu tham s va xir Iy u d3 duoc 4p dung nhim giam bién
dang [10]. Cubi cung, cac phuong phap md hinh hoa va t6i wu héa trong ép phun di duoc tong quan
[11].

Mot sb nghién ciru trong giai doan gan day ghi nhan xu hudng tich hop tri tué nhan tao va cac phuong
phap théng ké. Mang no-ron di duoc tmg dung dé du doan co rut va cong vénh [12], trong khi cac
phuong phap Taguchi, RSM va GA-PSO di duoc két hop nhiam t6i wu hoa qua trinh [13]. Bén canh d6,
cac phuong phap DOE két hop v6i mang no-ron da duoc so sanh va phat trién cho muc dich mé hinh
hoa qua trinh [14], [15]. Anh hudng cua thiét ké kénh 1am mat dén cong vénh va do chinh xac hinh hoc
da duoc tap trung nghién ctu [16], [17], [18]. Mot phuong phap cai thién dong thoi cong vénh va thoi
gian lam mat da dugc de xut [19]. Pong thoi, cac tién bo gan day trong toi wu héa nham giam co rat
va cong vénh da dugc tong hop va phan tlch [20], [21]. Gan day, hiéu qua cta phuong phap RSM trong
viéc giam cong vénh san pham ép phun tiép tuc dugc khang dinh [22].

Nhin chung, cac cong trlnh cho thiy cong vénh 1a h¢ qua cua tuong tac phuc tap gitra didu kién nhiét,

dac tinh vat heu va thong sé cong nghé; ddng thoi, vide két hop mé phong sb voi phuong phap DOE va
cac k¥ thuat td1 uu hoa hién dai 13 xu hudng chu dao nhim nang cao d¢ chinh xac du doan va hi¢u qua
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kiém soét bién dang. Tir tong quan cac nghién ctru ¢6 thé nhan thay rang, mic du nhiéu cong trinh da
phan tich co ché hinh thénh cong vénh va ap dung céc phuong phap t6i vu hoa khac nhau, viéc tich hop
chit ch& giita mo phong sb va phuong phap thiét ke th1 nghiém (DOE) dé xac dinh bo thong sé cong
nghé t6i wu cho mot san pham va vat liéu cu thé van can dugc tlep tuc lam rd. Nghién cuu nay da Xay
dyng mo6 hinh mé phong sd qua trinh ép phun ¢ do tin cdy cao, két hop voi phuong phap DOE nham
dénh gia dinh lugng anh huérng cua cac thong s6 cong nghé dén d6 cong vénh, tir d6 xac dinh bd tham
s tbi wu gitip giam thiéu blen dang san pham. Thong qua cach tiép can ndy, nghién ctru khong chi lam
0 co che tac dong cua ting yeu td cong nghe ma con d& xuét giai phap ti wu c6 co s& khoa hoc va kha
nang trién khai trong thuc tidn san xuat. Két qua dat dugc ky vong gép phin nang cao d6 6n dinh kich
thudrc, cai thién chat lugng san phdm va giam chi phi do phé phim trong qua trinh ép phun cong nghiép.

2. Phwong trinh toan va quy trinh mé phéng

Mo hinh sb ctia bd khudn phun ép thé hién trong Hinh 1 duoc xdy dung nhim mé phong toan dién
qua trinh truyén nhiét va dong chay cia vat liéu trong chu ky phun ép. Ciu triic mé hinh bao gém bén
thanh phan chinh: (1) san pham mau ép, (2) hé thong kénh din nhya, (3) hé théng duong 1am mat, va
(4) khoi khudn bao quanh. San pham ép phun 1a mau thir udn ba diém dang thanh lang try, dung dé danh
gi4 tinh chét co hoc, dic biét 1a d6 bén tai dudng han (weld line). San phim mau ép c6 chiéu dai 100
mm, tiét dién chit nhat, chidu rong 12 mm d6 day 1.5 mm duoc thiét ké vi hinh dang va kich thudc phu
hop v6i miu thi nghiém tiéu chudn, cho phép danh gia anh huéng cua cac didu kién gia cong dén co
tinh tai ving duong han va do cong vénh trén san pham. Hé thong kénh dan nhwa dwoc bd tri nham bao
dam qua trinh dién day dong déu va 6n dinh trong khoang khudn. Puong 1am mat duoc thiét ké phan bd
dbi xtng quanh ving tao hinh, véi khoang cach pht hop dén bé mat long khudén nhiam dat hiéu qua
truyén nhiét cao va kiém soat tdt su phan bo nhiét d6 trong chu ky lam ngudi. Khdi khuon duge md hinh
hoa bao gdm ca phan 15i va phan 10ng khuén, dugc gia thiét 1a vat liéu kim loai co tinh dan nhiét cao.
Toan bo md hinh dugc xay dung trong phan mém mé phong phun ép Moldex3D dé phén tich qua trinh
dong chay, dlen day, va lam ngudi cua vat liu. M6 hinh nay cho phép danh gia dinh luong anh hudng
clia cac thong s6 thiét ké va diéu kién van hanh dén chat lugng san pham va hiéu qua nhiét cta hé thong
khudn.

v

Hinh 1. M6 hinh hé théng phun ép nhya trong nghién ciu.

* Cac phuong trinh chinh
Trong Mo hinh hién tai, nhya nong chdy va nuéc duoc gia thiét 1a cac chat long khong nén dugc.
Cac phuong trinh chinh chi phoi dong chay 3D, khong 6n dinh theo thoi gian dugc biéu dién nhu sau:
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dp
—4V. =0 1
5 TV pu=0 1)

dp
E(pu) + V- (puu+1)=-Vp+pg, 2
aT 2

pcy ( U VT) = V(kVT) + ny 3)

Trong do, p la khdi lugng riéng, t la thoi gian, u la vecto véan toc, T 1a nhiét do, plaap suét, T la
tensor tmg sudt, 1) 12 do nhét, k 13 hé sb dan nhiét, C, 14 nhiét dung riéng, va y 1a téc do cit.

« Céc diéu kién bién:
Tai bé mat rén—l(”)ng

n-(AVT) =a(l, —Tf) (4)
Trong d6, vé trai twgng trung cho thong luong nhiét (heat flux) tir bén trong khudn truyén dén bé

mat long khu6n théng qua qua trinh dan nhiét, vé phai trung cho thong luong nhiét (heat flux) tir dong
khi néng truyén dén bé mit 10ng khudn thong qua qua trinh ddi luu.

biéu kién khong trugt (no-slip boundary condition) tai bé mit khuédn:

u=20 (5)

Moldex3D dugc sir dung dé giai quyét cac phuong trinh chinh va diéu kién bién trong mo hinh nay.
Céc phuong trinh chinh dugc giai sir dung nguyén Iy bao toan thé tich kiém soat. Tac gia sir dung luéi
theo bién dang 16p bién (BLM). Luéi BLM bao gom hai loai: nim 16p luéi ling tru trén bé mat 16p bién
va ludi tr dién bén trong I6p 15i cta san pham, du doan tinh toan chinh xac hon hiéu ng gia nhiét do
ma sat truot. Hinh 2a thé hién phan b ludgi trong toan b mé hinh véi tong cong 997.446 phan tir ludi
khéi, va Hinh 2b cho thiy luéi dugc chia min hon trong san pham va kénh dan.

H
o

Hinh 2. Phan bé lie6i trong toan bé mo hinh (a) va san pham mau ép uon va kénh dan nhea (b).

Céc thong s cong nghé phun ép dugce str dung trong nghién ciru bao gdm: Thoi gian dién day: 0,29
s; Nhiét do nhua ndng chay: 290 °C; Nhiét d6 khuén: 85 °C; Ap sut phun cuc dai: 250 MPa; Thé tich
nhya phun: 5,73358 cm?; Thoi gian giit ap: 3 s; Ap suét giit cuc dai: 155 MPa; Thoi gian lam ngudi: 10
s; Thoi gian mé khuon: 2 s; Nhiét do khuon khi 1y san pham: 90 °C; Nhiét d6 méi trudng: 25 °C; Chu
ky ép téng: 18,29 s. Cac thong ) cong nghé phun ép dugc lua chon dua trén dac tinh cta nhua PAG6
Ultramid A3 trong thu vién Moldex3D, két hop véi cac thir nghiém mo6 phong so bo. Cu thé, nhiét do
nhya va khu6n duoc thiét 1ap & mirc cao nham giam d6 nhot va cai thién kha nang dién day; toc do va
ap_ sudt phun dugc didu chinh du dé dat trang thai dién dy hoan toan nhung khong lam gia tang ing
suét truot vuot ngudng; thoi diém chuyen V/P duoc chon tai khoang 98% thé tich dién day. Diéu nay
nham dam bao qua trinh dién diy dién ra hoan toan, khong xuat hién hién twong thiéu nhya hodc ting
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suat dong chay cao. Pong thoi, thoi gian 1am ngudi va giit ap duge didu chinh dé dat duoc can bang
giita hiéu qua nhiét va chat lugng hinh dang san pham. Hinh 3a thé hién d thi do nhét theo toc do truot
va nhiét do; va Hinh 3b cho thay do thi PVT ctia nhya PA66 Ultramid A3, 14 loai vat liéu dugc sir dung
trong toan bd qua trinh moé phong.

PA66 Ultramid A3 BASF (MFI(275,5) = 80g/10min) PAG8 Ultramid A3 BASF (Tc = 249.00 °C)
le+s 1.100
(@) (b)
1.050
g 1e+3 S 1.000 P [MPa]
5 Tra g 0
5 280 2 0950 —_ 50
= = ‘
% — 293 > — 100
=] =
o 1e+2 — 305 o — 150
g g 0900 -
2] 200
0.850
1e+1
N & o > o 0.800
N N g N N 10 50 100 150 200 250 300
Shear Rate [1/sec] Temperature [°C]

Hinh 3. Do thi dé nhét theo toc do trirot va nhiét dé (a) va do thi PVT cua PA66 Ultramid A3 (b) [23].
3. Két qua va thao luan

Hinh 4 minh hoa dién bién qu4 trinh dién déy cua nhya nong chay trong khoang khuén tai cac thoi
diém tuong tmng 25%, 50%, 75% va 100% thé tich dién day Tai thoi diém 25%, dong nhya van dang &
trong kénh dan nhya. Khi dién day dat 50%, dong nhya bét dau lan toa tir vi tri cong phun va tién vao
ving trung tdm ctia san pham. Van téc dong chay cao tap trung ¢ khu vuc giira, thé hién ving nhua dau
tién tiép xuc va lan truyén theo hudng doc truc san phém. O thoi diém 75%, vat liéu nhya da phu déu
phan 16n thé tich khoang khuén trung tim va bat dau lan sang hai nhanh bén. Ap suit va van tc dong
chay van duy tri 6n dinh, dam bao su phan bb déu ctia vat liéu ma khong xuét hién hién tugng dong chay
phan 16p hodc tach dong. Dong chay tai cac nhanh bén gan nhu hop nhat tai vi tri dudng han, cho thy
qua trinh dién dﬁy dién ra can ddi giita cac kénh dan. Cudi cung, tai thoi diém 100%, toan by khoang
khuon duogc dién day hoan toan sau 0,3 gidy. Qua trinh m6 phong cho thay khong xuét hién hién tuong
thiéu nhwa, dong chay on dinh va dong déu trong sudt qua trinh dién day.

Run 2 Run 2
Filling_Melt Front Time Filling_Melt Front Time

Time = 0.075 sec. Time = 0.150 sec.
[sec] [sec]
Maxy 0.298 Maxy 0.298

0.075
- 0.050

in % 0,000 win-H 0,000
600 mm Moldex 600 mm Moldex:
Run 2 Run 2
Filling_Melt Front Time Filling_Melt Front Time
Time =0.224 sec Time = 0.298 sec (EOF)
[sec] [sec]
Maxy 0,298 Maxog 0.298
0.258
0.224 o218
0.180 0.179
0.135 0.139
0.089
0.090
- 0.060
0.045
Iu.m
nin-8 0,000 nin-8 0,000
600 mm Moldex 600 mm Moldex

Hinh 4. Qud trinh dién ddy trong cdc giai doan: (a) 25%, (b) 50%, (c) 75%, va (d) 100%.



mailto:jte@hcmute.edu.vn

JTE TAP CHi KHOA HQC GIAO DUC KY THUAT
Truong Pai hoc Cong nghé Ky thuat Thanh pho H6 Chi Minh

HEN-UTE Website: https:/jte.edu.vn
ISSN: 1859-1272 Email: jte@hcmute.edu.vn

Hinh 5a thé hién vi tri hinh thanh duong han - khu vue ma hai hodc nhiéu dong nhya nong chay gap
nhau sau khi dién day quanh céc chi tiét hodc 15 thoat khi. Puong han thuong la vi tri yéu vé co hoc do
cac phan tir nhya tai day khong lién két hoan toan, dan dén giam do bén kéo, udn hoic va dap cua san
pham. Hinh 5b ciing cho thiy nhiét d6 tai vi tri dudng han dat hon 280 °C, gia tri nay dugc xem la twong
dbi cao, giup ting kha ning han dinh giita cic dong nhwa va giam nguy co xuét hién khuyét tat, théng
thuong 13 vét ho hodc bé mit xam mo. Nhiét do dudng han cang cao thi mirc d6 khuéch tan phan tir giita
hai dong chay cang tdt, tir 6 nang cao chat luong bé mat va do bén lién két ctia ving han.

Run 2

Run2
Filling_Melt Front Time . Filling_Weld Line Temperature
~ Time = 0.298 sec (EOF)

Time = 0,299 sec (EOF) -
[sec] S
Max g 0.298

IS
Max gy 281.440

0.258 281.308

0.218 281.176

0.179 281.044

0.139 280.912

10.088 280.780

0.060 280.648

280.516
Min-# 280,450

6.00 mm | Moldex:

0.020
Min-# 0,000

Hinh 5. Hinh vé thé hién vi tri dwong han (a) va nhiét dg cia dwong han (b).

Hinh 6a trinh bay phén b ap suit trong 1ong khuodn tai thoi diém cubi qua trinh bao ap. Ap suét tap
trung chii yéu & ving trung tim ctia mau u6n — vi tri xa cong phun nhat, do day la khu vuc kho dién day
hoan toan va chiu tac dong nén cua dong nhura tir nhiéu huéng. Phan bd ap sudt giam dan vé phia xa cac
cong phun, the hién sy phan tan nang lu’orng dong chay khi nhya long di chuyén trong long khudn. Viée
duy tri 4p suat cao tai ving trung tdm gitp han ché hién twong r khi va co rut the tich, gop phan néng
cao d6 dic chic cia san pham Hinh 6b cing biéu dién trang thai phan bd pha ran — pha long tai cudi
qua trinh bao ap. D@ nhan thy phan lon thé tich san pham da ran hoa, ngoal trr mot 16p méng o trung
tAm van con ¢ trang thai ban long. Su ton tai ctia ving ban 16ng nay giup cén bang co ngét khi khudn
bét dau giai doan lam mat, dong thoi duy tri sy lién két vat lidu trong subt qua trinh nén bu thé tich.

Run2

Packing_Molten Core
Time = 1.284 sec (EOP)
Molten Ratio = 19.221 %

Run2
Packing_Pressure
Time = 1.284 sec (EOP)

[MPa)
Maxom 12,139
I 10.520
He.902

17.283

rc
Max: ‘. 280.880

que—E 239.000

5.665
4.048

2428

0.809
Min-® 0,000

6.00mm___ | Moldex

Min~— 84.131

6.00mm___ | Moldex

Hinh 6. Phan bé dp sudt trong long khuon () va phan bé phan nhua chira déng (b) tai cudi qud trinh bao dp.

Run2
)

.........
cccccc ons

Crele
Time = 13360 sec (EOC)
ra

o108

-

| Moldex

Hinh 7. Phan bé nhiét dg bé mat san pham tai cusi qud trznh lam mat.
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Hinh 7 thé hién phan b nhiét d6 trén bé mit san phim tai cudi qua trinh 1am mat. Nhiét d6 cao nhat
tap trung & viing gitta san pham — noi c6 bé day 16n va xa kénh lam mat nhat. Nhiét d6 giam dan vé phia
mép san phdm do tiép xtic gin voi bé mat khudn lanh. Phan bd nhiét d6 dong déu cho thiy hé thong
kénh 1am mat dugc bd tri hop 1y, gitp han ché bién dang nhiét va cong vénh sau khi tach khuén.

Hinh 8 trinh bay téng chuyén vi cong vénh cua san pham duoc mé phong vai vat liéu PA66 Ultramid
A3. Két qua cho thiy d6 bién dang tong thé ciia san pham dat gia tri cuc dai khoang 0.612 mm, tap trung
chu yéu & hai dau thanh bién. bay la cac vung xa céng phun, chiu anh hudng cua sy chénh 1éch nhiét
d6 va co ngot 16n nhét trong sudt qua trinh 1am mat. Dang bién dang thé hién xu hudng ubn cong nhe
theo phuwong doc ciia mau, phan anh sy co rut khong dong déu gitra cac ving vat liéu.

Perspective Run1

wes v Warpage_Total Displacement
130 [mm]
L4 Macrgm0612
350 Y

@

Hin» 0,016
500 mm Moldex3D

Hinh 8. Téng chuyén vi cong vénh trén san pham.

Perspective v Run 1 | Perspective v Run 1

WCS v Warpage_Total Differential Temperature | WCS v Warpage_Total Differential Shrinkage

130 Effect Displacement | 130 . Effect Displacement
=

60 80 [mm]

350 ¥ s 0. 350 ! Max>py 0.666

Max

0.077

(-23.49,0.32, 49.47) |0
4 Lz

Min-®0.004

10.00 mm Moldex3D 10.00 mm Moldex3D
(@) (b)

Hinh 9. Nguyén nhan cong vénh trén san pham: so sanh giga hiéu #ng nhiéz dé () va co rut (b).

Hinh 9 trinh bay sy so sanh gitta hai co ché gdy cong vénh: hi€u ting chénh 1&€ch nhiét o va hiéu iing
co rat thé tich. Két qua mé phong cho thdy chuyén vi do co rut thé tich 16n hon déng ké so vai do nhiét
d6, ching minh ring nguyén nhan chii yéu din dén cong vénh cua san pham 1 sy co rit khong dong
déu trong qua trinh 1am ngudi. Hién twong nay cha yéu xuét phat tir hiéu qua bao ap chua cao, dic biét
& cac ving xa céng phun, noi ap sudt truyén dén yéu hon va khong du dé bu dép thé tich co rut khi vat
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liéu chuyén tir trang thai nong chay sang ran. Su chénh léch mat do va do co rut giita cac ving trong
long khudn tao nén ng suét du phi tuyén, dan dén bién dang hinh hoc sau khi tach khuén. Do do, de
giam thiéu cong vénh tong thé, can cai thién kha nang duy tri ap suat bao ap va phan bd déu ap suat
trong long khuon, thong qua viée tbi wu vi tri cong phun, thoi gian bao ap va cau trac duong dan nhua.
Ngoai ra, viéc két hop diéu khlen nhiét d6 khudn hop 1y ciing co6 thé giup can bang qua trinh déng dic,
han ché sai léch hinh dang cudi ciing ctia san pham.

Trong nghién ctru nay, phuong phap thiét ké thi nghiém (DOE) dugc 4 ap dung nham danh gia co hé
thong anh huong cua cac thong so cong nghé dén d6 cong vénh ciia san pham ép phun. Bén yéu té diéu
khién dugc lua chon bao gom: nhi¢t d§ nhua nong chay (Melt Temperature), nhi¢t d6 khuon (Mold
Temperature), thdi gian bao ap (Packing Time) va ap suat bao ap cuc dai (Maximum Packing Pressure).
Mbi yéu té dugc khao sat & ba mirc gia tri, tao thanh ma trn thi nghiém truc giao gém 9 t6 hop chay
(L9), dam bao tinh can bang va giam s6 luong thi nghlem so v61 phuong phap toan phan. Mién khao sat
clia cac thong sé duge x4c dinh dua trén diéu kién gia cong thuc t& va khuyén nghi cua vat liéu, cu thé:
nhiét do nhwa tir 280-300 °C, nhiét do khuon tir 80-90 °C, thoi gian bao ap tir 2-6 s va ap sudt bao ap
tir 40-80% ap suét cuc dai. Bién dap tmg duogc lua chon 1a do dich chuyén cong vénh tong 16n nhat véi
muc tiéu tdi vu theo tiéu chi “cang nho cang tét”.

Hinh 10 thé hién két qua mé phong cua timg to hop thi nghiém dugc st dung dé xay dyng md hinh
du doan va xac dinh mirc anh hudng cua timg yéu td. Tir phan tich DOE, bo thong sb t01 uu dugce xac
dinh tai mirc: nhiét 46 nhya 280 °C, nhiét d6 khudn 80 °C, thdi gian bao ap 4 s va ap suat bao ap 60%
ap sut cuc dai, cho gia tri cong vénh dy doan nho nhat. Phuong phap bo tri ndy cho phép danh gia hi¢u
qua tuong tac gitra cac thong s6 va rit ngan dang ké thoi gian nghién ciru so v6i thir nghiém truyén
thong.

FE| DOE Table a {c:)}

Melt Mold Packing Time yraé:ési.ckmg ] Warpage_Total }

Control Factor 'I;ernperature 'I;ernperature E=s Profile Value Quality Factor Displacement Add Quality Factor -
rcl rcl (%) fmm] (Max)

Level 3 3 3 3 Target Global

Min 280 80 2 40 Goal Smaller

Max 300 90 6 80 Weighting 1 0

1.Run 2 280 80 2 40 1.Run 2 0.588684

2.Run3 280 85 4 60 2.Run 3 0.602082

3 Run4 280 90 6 80 3. Run4 0624414

4 Run5 290 80 4 80 4 Run5 0579997

5 Run6 290 85 6 40 5 Run6 0.620771

6. Run7 290 90 2 60 6.Run7 0.623801

7.Rung 300 80 6 60 7.Run8 0.598005

8 Run9 300 85 2 80 8 Run9 0622175

9 Run 10 300 90 4 40 9 Run 10 0623912

Run 11* 280 80 4 60 Run 11% 0.575871

Prediction

Setting 280 80 4 60 Predicted Value | 0575871

Hinh 10. Bang két qua bé tri thi nghiém theo phwong phdp t6i wu héa Taguchi.

Hinh 11 cho thay biéu db thé hién dap tng ty s tin hiéu—nhidu (S/N ratio) theo tiéu chi “cang nho
cang t6t” ddi véi do cong vénh cuc dai cua san pham. Trong phéan tich Taguchi, gia tri S/N cang 16n
(theo tri tuyét d6i) twong tmg v6i mirc bién dang cang nho va do 6n dinh qua trinh cang cao. Do do, muc
thong s6 ¢o gia tri S/N cao nhit dugc xem la tdi uu cho muc tiéu giam cong vénh. Biéu do S/N dbi véi
chuyen vi cong vénh tong thé [mm]) theo cac yéu té diéu khién & hinh 11 cho thay ty s6 S/N thay d6i
dang ké theo cac thong s6 cong nghé. D6i v6i nhiét do nhwa nong chay, gia tri /N giam dan khi nhiét
do tang tir 280 °C 1én 300 °C, cho thiy mirc 280 °C mang lai d6 cong vénh nho nhit trong pham vi khao
sat; khi nhiét d6 qua cao, su gia tang d0 co rat va chénh léch nhiét do co thé 1am tang bién dang san
pham. Déi v6i nhiét d6 khudn, dudng biéu didn co d6 ddc 16n nhit (= —92,6%), ching to ddy 1a yéu tb
anh huong manh nhét; gia tri S/N cao nhét dat duge tai 80 °C va giam ro rét khi tang 1én 85-90 °C,
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khang dinh vai tro chi phi ciia nhit do khudn trong kiém soat co rat va tmg suat du. Vi thoi gian bao
ap, S/N dat cuc dai tai 4 s, trong khi thoi gian qua ngin (2 s) hodc qua dai (6 s) déu 1am ting cong vénh,
cho thiy ton tai gia tri t01 wu nham can bang qua trinh bu vat liéu va lam ngudi. Tuong tw, ap sudt bao
ap cuc dai dat hiéu qua t6i wu tai mic 60%; ap suat qua thip khong du bu co rit, con ap suat qua cao co
thé gy tich lily ing suét du, dan dén gia ting bién dang. Tir phan tich S/N ratio, t6 hop tdi wu dugc xac
dinh 1a: 280 °C — 80 °C — 4 s — 60%, phu hop véi két qua du doan trong bang DOE. Tong thé, biéu do
cho thiy nhiét do khuon 13 thong s6 c¢6 anh huong manh nhat dén cong vénh, tiép theo 1a thoi gian bao
ap va nhiét do nhya, trong khi 4p suat bao ap c6 mirc anh hudng thap hon trong pham vi khao sat.

S/N Ratio Response: Warpage_Total Displacement [mm] {(Max)
4.600 —

4.400 —

/\

4.200 —

Run 11: DOE 1 - Optimized Run

Melt Temperature ["C] - 6.06%

Mold Temperature [*C] - 82.69%

Packing Time [sec] - 10.59%

Max. Packing Pressure Profile Value [%] - 0.65%

4.000

T T T T T T T T T T T T
280.000 200.000 300.000 80.000 85.000 90.000 2.000 4.000 6.000 40.000 60.000 80.000

Control Factor
Hinh 11. D6 thi phan hoéi ti s6 S/N doi véi chuyén vi cong vénh tong thé [mm]) theo cdc yéu té diéu khién.
4. Két luan

Nghién ctru da xay dung thanh c6ng mo hinh s nham mo phong toan dién cac giai doan trong mot
chu trinh ép phun, bao gom dién day, bao ap va 1am ngudi. M6 hinh cho phép phén tich truong nhiét do,
ap sudt va phan bd tmg suat trong sudt qua trinh gia cong, qua d6 cung cap co so tin ciy dé danh gia
bién dang sau khi tach khuén. Két qua mé phong cho thdy do cong vénh cua san pham cé thé duoc du
doan dinh luong v&i mirc do pht hop cao, ddng thoi xac dinh dugc nguyén nhan chi phéi trong truong
hop nghién ctru nay 1a hi¢u img béo 4p, thé hién qua sy phan bd 4p suat khong ddng déu va qué trinh bu
co rat dan dén tich lity ing suét du. Trén co sé md hinh da xay dung, phuong phap quy hoach thuc
nghi¢ém (DOE) dugc ap dung dé danh gid mirc d¢ anh hudng ciia céc thong s0 cong ngh¢ va xac dinh t6
hop thong s6 toi vu nham giam thiéu cong vénh. Két qua cho thiy bo théng so t6i uru bao gom: nhiét do
nhwa néng chay 280 °C, nhiét d6 khudn 80 °C, thoi gian bao ap 4 s va ap suét bao ap 60% 4p suét cuc
dai. T6 hop nay cho gia tri ty s6 S/N cao nhét theo tiéu chi “cang nhé cang tot”, qua d6 lam giam dang
ké do cong vénh so voi cac diéu kién con lai trong pham vi khao sat. Nhing két qua dat dugc khﬁng
dinh tinh hiéu qua cua viéc tich hgp m6 phong s6 véi DOE trong t6i wu héa qua trinh ép phun, déng
thoi ¢ ¥ nghia thyc tién trong ning cao d¢ 6n dinh kich thudc va chat lugng san pham.

Lo&i cam on
Cong trinh dugc tai trg kinh phi bdi Truong Pai hoc Cong nghé Ky thudt Thanh Phd Hd Chi Minh.
Xung dot lgi ich

Tac gia tuyén bd khong c6 xung dot loi ich trong bai bao nay.
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