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TOM TAT

Trong quy trinh ép phun nhiea, nhiét dg khuén déng vai tro then chot trong viéce dam bdo
chat luwong san phcfm va hiéu sudt san xudt. Nghién cueu nay thuc hién khao sat thuc nghiém Vvé sur
phan bé nhiét do trong long khuon hinh chit nhdt va anh huong cua no dén cdc khuyét tétphé bién
nhuw cong vénh, 16 khi va sai léch kich thude. Ddc biét, cdc vién bi thép voi kich thuoc khdc nhau
duge stk dung nhie mot phwong tién dé kiém tra va so sanh toc do gia nhiét trong moéi chu ky ép,
nham danh gid hiéu qua truyén nhiét cia khudn. Két qua cho thdy sw chénh léch nhiét do trong
khuén c6 anh hwong truc tiép dén do dong déu va chdt lwong cia san phdm nhua. Viéc kiém sodt
16t nhiét dé khéng chi gép phan giam thiéu 16i san phdm ma con nang cao dé on dinh cia qud trinh
ép va hiéu qud san xudt tong thé.

Tir khéa: Phéin bé nhiét do khuén; Gia nhiét khuén; Nhiét do khudn; Kiém sodt nhiét do
khuon.

ABSTRACT

In the injection molding process, mold temperature plays a crucial role in ensuring product
quality and production efficiency. This study conducts an experimental investigation on the
temperature distribution within a rectangular mold cavity and its effects on common defects such
as warpage, air traps, and dimensional deviations. Specifically, steel balls of varying sizes are used
as a means to examine and compare the heating rate during each molding cycle, aiming to evaluate
the mold's heat transfer efficiency. The results indicate that temperature variations within the mold
have a direct impact on the uniformity and quality of plastic products. Proper temperature control
not only helps minimize product defects but also enhances process stability and overall production
performance.

Keywords: Mold temperature distribution;, Mold heating;, Mold temperature; Mold
temperature control.
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1. TONG QUAN

Ep phun 1d mot trong nhimg phuong
phap gia cong nhya tién tién va pho bién nhat
hién nay, dugc tng dung rong rii trong san xuat
cac chi tiét nhya c6 hinh dang phuc tap voi do
chinh x4c cao va niang suét 16n. Cong nghé nay
cho phép tao ra cac san pham tir cac chi tiét
nhé nhu linh kién dién tir dén céc bd phan lon
trong nganh cong nghi¢p 6 t6 va hang khong
vii tru [1]. Sy thanh cong cua qua trinh ép phun
phu thudc vao nhiéu yéu t6, trong d6 kiém soat
nhiét d6 khuon 1a mot trong nhitng yéu té then
chét anh huong truc tiép dén chat lugng san
pham, hi¢u suat san xuat va d6 bén ciia khuon
[2]. Nhiét do khudn khong chi tac dong dén kha
ning dién day nhya vao 10ng khuén ma con anh
huong dén céu trac vi mo, tinh chét co hoc va
d6 hoan thién bé mit cia san phém [3]. Do do,
viéc thuc nghiém do va kiém soat nhiét do long
khuon déng vai trd quan trong trong viée tbi uu
hoa quy trinh ép phun, ddc biét ddi véi khuon
dang phang — mot loai khudn phd bién trong
san xuat cac san phérn nhya dang tam hodc chi
tiét c6 do day dong déu.

Trong qué trinh ép phun, nhya néng
chay dugc bom vao 10ng khudn voi ap suit cao,
sau do dugc lam ngudi dé tao hinh san phém.
Nhiét do cta nhwa néng chay khi tiép xtc véi
long khuon s& truyén mot phan ning luong
nhi¢t vao khuodn, lam tang nhiét do cua bé mit
khuon [4]. Sau mdi chu ky ép, nhiét d6 khuon
can dugc diéu chinh thong qua hé théng lam
mat dé dam bao san pham c6 thé dugc 1ay ra dé
dang ma khong bi bién dang, dong thoi duy tri
d6 bén va tudi tho ctia khudn [5]. Tuy nhién, dé
dam bao dong nhya chay vao khuén mdt cach
tron tru va dién day long khuon ma khong giy
ra cac khuyét tat nhu vét ndi, bot khi hay co
ngot khong déu, khuon can duoc gia nhiét tro
lai dén mot mirc nhiét d6 phu hop trude chu

ky ép tiép theo [6]. Su can bang giira qua trinh
lam mat va gia nhiét nay doi hoi sy kiém soat
chinh xac, dic biét ddi v6i khudn dang phang,
noi nhiét 46 phan bd khong dong déu co thé
dan dén cac van dé vé chat luong san pham.

Céc nghién ctru trude ddy da chi ra rang
nhiét d6 khuén anh hudng truc tiép dén thoi
gian chu ky ép, d6 co ngdt cta san pham va tinh
chét co hoc cta nhua [7]. Vi du, nhiét d§ khuon
qué thap co thé 1am ting d6 nhdt cia nhya, gy
kho khan trong viéc dién day khuon va din
dén cac khuyét tat nhu dong chay khong hoan
chinh hodc bé mat san phém kém chat luong.
Nguoc lai, nhi¢t d§ khudn qua cao co thé kéo
dai thoi gian 1am ngudi, 1am giam nang suét va
tang nguy co bién dang san pham [8]. Do do,
viéc do luong va kiém soat nhiét o long khudn
trong subt qua trinh ép phun 1a mot nhiém vu
quan trong, doi hoi su két hop giita cac phuong
phap thuc nghiém va mé phong sé dé hiéu rd
hon vé su phan bd nhiét do va tac dong cua nod
dén chat luong san pham.

Trong céac thi nghiém do nhiét do
khuon, cac cam bién nhiét do (thermocouple)
thuong duge st dung dé theo ddi su thay doi
nhiét do tai cac vi tri khac nhau trén bé mit
khuon, bao gém ca khu vuc gén kénh dan nhua
va cic ving xa hon [9]. Cac théng s nhu nhiét
dd nudc lam mat vao va ra, luu lugng nudc,
va su chénh 1éch nhiét do gitra cac vung trén
khuon duoc ghi nhan dé danh gia hiéu qua cua
hé théng 1am mat. Luu lugng nudc lam mat
dong vai tro quan trong trong viéc duy tri nhiét
d6 khuon 6n dinh, dic biét trong cac chu ky ép
lién tuc, noi nhiét dd khudn cé thé tang dan do
tich Ifiy nhiét tir nhya néng chay [10]. Ngoai ra,
cac yéu td nhu thiét ké kénh lam mat, loai chét
long 1am mat (nudc, dau hoac khi), va vat li¢u
khuon ciing anh huéng dang ké dén kha ning
kiém so4t nhiét d6. D6i voi khudn dang phang,
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thiét ké kénh 1am mat can duoc t6i wu hoa dé
dam bao su phan bd nhiét do déng déu trén toan
bo bé mat khuon, tir d6 giam thiéu cac khuyét
tat do chénh 1éch nhiét do.

Mot s6 nghién clru gan day di tap trung
vao viéc str dung céc cong nghé tién tién dé cai
thién kha nang kiém soat nhiét d6 khudn. Vi
du, cac hé thong 1am mat thich nghi (adaptive
cooling) sir dung cam bién va phan mém diéu
khién dé tu dong diéu chinh luu luong va nhiét
d6 chat 1ong 1am mat dya trén dir liéu thoi gian
thuc [1]. Ngoai ra, cac phuong phap mo phong
nhiét dua trén phﬁn mém nhu Moldflow hodc
ANSYS da duoc ap dung dé du doan su phan
bd nhiét d6 va téi wu hoa thiét ké kénh lam mat
trude khi ché tao khudn [2]. Tuy nhién, cac
phuong phap nay thuong yéu ciu dau tu 1on
vé thiét bi va phan mém, khién chung kho ap
dung trong cac co sé san xuat quy mo nho hoic
trung binh. Do do6, cac nghién ctru thuc nghiém
don gian nhung hi¢u qud, nhu do nhi¢t do long
khuon bang cam bién nhiét o, van dong vai tro
quan trong trong viéc cung cap dir lidu thyc té
dé cai thién quy trinh ép phun.

Trong bdi canh do, nghién ctru thyc
nghiém do nhiét d6 long khuon dang phang
duoc thue hién nhim cung cép dit liéu chi tiét
vé su phan bd nhiét d6 va hiéu qua cua h¢ théng
lam mat trong qua trinh ép phun. Muc ti€u chinh
ctia nghién ctru 1a xac dinh cac thong s6 t6i wu
cho hé théng 1am mat, bao gém nhiét do nudc
vao/ra va luu luong nudc, dé dam bao khuédn
dat dugc nhiét do phu hgp cho mdi chu ky ép.
Céc thi nghiém duogc tién hanh bang cach dat
cic cam bién nhiét do tai cac vi tri chién luoc
trén khuon, ching han nhu gan cong phun,
ving trung tdm va ving bién, dé ghi nhan sy
thay d6i nhiét do trong sudt chu ky ép. Dir liéu
thu thap dugc s& dugc phan tich dé danh gia
muc d§ chénh 1éch nhiét do gitra cac vung va

hiéu qua cua hé thong 1am mat trong viéc duy
tri sy on dinh nhiét do.

Két qua tir cac thi nghiém nay khong
chi gitp cai thién chat lugng san pham ma con
dong gop vao vige giam thoi gian chu ky ép, tur
d6 tang nang suat san xuat. Hon nita, viéc hiéu
r0 su phan bd nhiét d6 trén khudn dang phéng
c6 thé cung cip thong tin hitu ich cho viée thiét
ké khuén va t6i wu hoa quy trinh ép phun trong
cac ung dung thyc té. Cac nghién ciru tuong
tur trong quéa khir dd chi ra rang viéc kiém soat
nhiét d6 khuén chinh x4c c6 thé giam ty 1€ san
pham 13i tir 10-20% trong mot s6 truong hop
[3]. Diéu nay dic biét quan trong trong céc
nganh cong nghiép yéu cau do chinh xac cao,
nhu san xuét linh kién y t& hodc dién ti.

2.CO SO LY THUYET

Trong quy trinh ép phun nhya, quan ly
nhi¢t d¢ khudn dong vai tro then chét trong vi¢c
dam bao chét lugng san pham va tdi wu héa chu
ky san xuét. Sau giai doan lam mat, qua trinh
gia nhiét khudn 13 budc quan trong gitp chuan
bi cho chu ky ép tiép theo dién ra 6n dinh va
hiéu qua. Hién nay, c6 nhiéu phwong phap gia
nhiét khuén dugc ap dung, tuy thudc vao dic
diém khuon, loai vat liéu nhua va yéu cAu san
xudt. Pho bién nhit 1a phuong phép gia nhiét
bang dién trd, nho vao tinh don gian, hiéu qua
va dé kiém soat. Ngoai ra, cac phuong phap
nhu gia nhiét bang dau hoic nudc néng thong
qua hé théng tudn hoan ciing duoc st dung dé
dam bao nhiét d6 6n dinh va phan bd déu. Poi
v6i nhitng yéu cau cao vé toc do va do chinh
xéc, cong nghé gia nhiét bang cam tng dang
duoc ung dung ngdy cang nhidu nho kha ning
lam noéng nhanh va hi¢u qua. Bén canh do, gia
nhiét bang tia hong ngoai ciing dugc 4p dung
trong mot s6 truong hop dic thu, nhat 13 khi
can tac dong nhiét cuc bd trén bé mat khuén.
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Tuy nhién nghién ctu néy’ su dung phuqng 1 _ ,,#'P =
phép khac la sir dung hé thong gia nhi¢t bang

nuéc néng nhung két hop véi nhitng vién bi !

thép c6 kich thudc khac nhau dé tap trung xem

su thay doi nhiét d trong qué trinh gia nhiét & =

khuon.

3. THIET LAP THIET BI PO

Thiét ké cua tAm khuon duoc trinh bay
¢ trong Hinh 1, viéc quan sat nhiét do duoc
quan sat thong qua khu vuc nghién ctru & tai
Hinh 2. Khu vuc nghién ctru c6 kich thude va
d6 day bang voi d6 day cua tim insert. Lap day
1ong khudn bang bi sit trude khi tién hanh setup
may. Str dung cac thiét bi ¢ san tai phong thi
nghiém v&i setup nhu Hinh 3.4 va 3.5, stir dung
3 déng hd do nhiét tai 3 vi tri cua tim khudn dé
c6 thé biét duoc nhiét do tai vi tri dau vao, dau
ra va khu vyc trung tam. Thi nghiém duoc thyuc o B
hién vé&i nhiét d6 dau vao cta nudc lan luot 1a Hinh 3.4. Setup dong ho do nhiét
40°C, 60°C, 80°C va thoi gian gia nhiét la 40
gidy.

EAGRR et b N Res

The cavar,

Hinh 3.1. Thiét ké tam khuén

et cutlek]

+ 4.l

Hinh 3.2. Vi tri dau vao, ddu ra ciia nuée Hinh 3.6. Setup may va khu vuc do
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4. PHUONG PHAP PO

Dé nghién ciru phan bd nhiét do trén bé
mit khuon, moét mo hinh mé phong chi tiét da
duogc xay dung. M6 hinh dugc xay dung véi
ba bo phan chinh 14 tm cover, tim insert (v6i
bé day: 1mm, 1.8mm, nghiéng), tim nudc (v6i
bé day: 3mm, Smm, 8mm). M6 hinh dugc chia
lu6i nho dé ting d6 chinh xac khi mo phong.
Phan mém ANSYS dugc st dung dé nghién
ctru qua trinh gia nhiét dién ra trong khuon va
tai tao diéu kién bién thi nghi¢m. V&i nhiét o
moi trudng 14 30°C va hé sb truyén nhiét 1a 10
W/m2K, mé hinh duoc thiét ké theo mot tAm
khuon va khu vuc nuée di vao nam trong mot
khu vuc c6 thé quan sat, dong chay hai hoa. M6
phong sir dung nhiét do lan luot 1a 40°C, 60°C
va 80°C cho dau vao nudc. M6 hinh ludi bang
phan mém ANSYS dugc mé ta ¢ hinh 4.2.

I I
| T
Il i

Hinh 4.1. Thiét ldp dau vao va dau ra cho nude
trong phan mém ANSYS dé mo phong

Hinh 4.2. M6 hinh chia luéi trén phan mém
ANSYS

5. KET QUA VA THAO LUAN

Mo hinh duoc st dung dé danh gia phan
bd nhiét do trong long khuon, nhi¢t d§ nudce
(TW) dat ¢ 40°C 60°C 80°C, water thickness
(WT) la 3mm Smm 8mm, luu lugng nudc (F)
1.9 1/p 2.8 I/p 3 l/p, insert (IS) Imm 1.8mm

Imm-1.8mm va thoi gian gia nhiét 1a 40 gidy, dé
tim hinh dang t6t nhit cho qua trinh gia nhiét.
Két qua cho thdy nhiét do téi da dat duoc 1a
76.1°C va nhiét do t6i thieu 1a 71.4°C. Mit
khac, cac gia tri WT, F, TW, T khac nhau thi
nhiét d6 phan bé trong 1ong khudn khac nhau.
Nhitng phat hién nay cho thiy gia tri cia cac
bd phan anh hudong dang ké dén phan bd nhiét
trong long khuon.

Phan két qua va thao luan cia nghién
ctru da phan tich rd rang anh hudng cua cac
thong s6 nhu d6 day kénh nudc (WT), luu
luong nuée (F), nhiét d6 nuéc dau vao (TW)
va thoi gian gia nhiét (T) dén sy phan b nhiét
d6 trong 1ong khuon dang phing. Mo phong
dugc thyc hién véi nhiét do nude dau vao
lan luot 14 40°C, 60°C va 80°C, thoi gian gia
nhiét 40 gidy, két hop véi cac bién doi vé do
day insert va luu luong nudc nhim danh gia
tinh dong déu nhiét do. Két qua dang chu y 1a ¢
diéu kién t6i vu (WT = 8 mm, F = 2.8 lit/phit,
TW = 80°C), nhiét d6 cao nhat dat 76.1°C va
thip nhat 1a 71.4°C — cho thiy bién do chénh
léch nho (4.7°C), chung to sy dong déu nhiét
do kha tot. Biéu do nhiét do theo toa do X-Y
cho thay muc ting nhiét déu din tir dau vao dén
trung tAm va giam nhe & phan bién, phan anh
tinh chat truyén nhiét lan toa. Pac biét, viéc st
dung bi thép 14p ddy khuon hd tro hiéu quéa cho
viéc kiém tra do truyén nhiét va luu gitr nhiét
d6 khuon trong thoi gian ngén. Nho d6, nhom
nghién ctru di x4c dinh dugc rang yéu t6 quan
trong nhat anh huéng dén phan b nhiét 1a nhiét
d6 dau vao va luu luong nude. Piéu nay ching
minh tinh kha thi cta hé théng gia nhiét bang
nuée két hop véi thiét ké kénh giai nhiét dang
16p trong viéc dam bao diéu kién nhiét tdi wu
cho quy trinh ép phun. Qua d6, két qua nghién
ctru mang lai gia tri thuc tién cao, gop phan
nang cao chat lugng san pham va hiéu suét san
xuat trong cong nghé ché tao khuén mau.
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Hinh 5.1. Sy thay doi nhiét do tai cdc diém X,y trén toa do xOy

Bdng 1. Bang thong sé két qua ciia qud trinh mé phong

STT | WT(mm) | F(it/min) | TW (°C) T (s) X Y Nhiét do
1 8 2.8 80 40 95 0 71.4
2 8 2.8 80 40 95 1 72
3 8 2.8 80 40 95 2 72.7
4 8 2.8 80 40 95 3 73.2
5 8 2.8 80 40 95 4 73.6
6 8 2.8 80 40 95 5 73.9
7 8 2.8 80 40 95 6 743
8 8 2.8 80 40 95 7 74.6
9 8 2.8 80 40 95 8 74.8
10 8 2.8 80 40 95 9 75
11 8 2.8 80 40 95 10 75.2
12 8 2.8 80 40 95 11 75.3
13 8 2.8 80 40 95 12 75.5
14 8 2.8 80 40 95 13 75.6
15 8 2.8 80 40 95 14 75.7
16 8 2.8 80 40 95 15 75.8
17 8 2.8 80 40 95 16 75.9
18 8 2.8 80 40 95 17 76
19 8 2.8 80 40 95 18 76.1
20 8 2.8 80 40 95 19 76.1
21 8 2.8 80 40 95 20 76.1
22 8 2.8 80 40 95 21 76
23 8 2.8 80 40 95 22 75.9
24 8 2.8 80 40 95 23 75.9
25 8 2.8 80 40 95 24 75.9
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6. KET LUAN

Dé danh gia phan bd nhiét do trong
long khuon bang viée sir dung hé théng gia
nhiét, giai nhiét véi cac bién WT, F, TW, T,
nghién ctru nay da tién hanh cac tinh toan va
thi nghiém ddc 1ap. Chin truong hop cac gia
trj bién dugc ngau nhién véi nhau theo phuong
phap Taguchi dé xac dinh cac thong sé quan
trong nhat va mac gia tri tbi wu cua chung. Anh
huong cia 16p giai nhiét dén phan bd nhiét
d6 bé mat khuon cho thdy duoc kha ning cia
phuong phéap gia nhiét st dung nudc va kénh
giai nhiét dang 3D, tim ra dugc nhugc va uu
diém cua hé thong thiét ké lam mat tir d6 c6 ap
dung vao linh vuc cong nghé khuén mau. Két
qua nghién ctru cia viéc gia nhiét bang nudce
néng, kénh giai nhiét theo hinh dang san pham
gitip tang kha ning gia nhiét dong déu ddi véi
nhitng san pham gitip ich cho nganh c6ng nghé
khuon mau.

(*) Péng gop ciia tac gia:

- Hinh thanh y tudng va muc ti€u nghién
cuu: Bang Hung Son;

- Thyc hién nghién ctru, thu thap dir
liéu, phan tich dir liéu, viét va chinh sta bai
bao: Nguyén Tén Pat, Tran Thanh Lam, Huynh
Nguyén Hoang, Lé Thanh Tung;

- Tac gia lién hé: Lé Thanh Tung.
Loi cam on:

Nhom nghién ctru xin cdm on Truong
Pai hoc Su pham K¥ thuat Thanh phé HO Chi
Minh d3 tai trg kinh phi ciing nhu hd tro trong
qua trinh thuc hién nghién ctu nay. Bai bao
nay 1 san pham cta dé tai NCKH véi ma sb:
SV2025-346.

Ngay nhan bai: 08/4/2025
Ngay phan bién: 22/4/2025

Tai liéu tham khéao:

[1].

[2].

[3].

[8].

[10].

Bianchi, M. F., Gameros, A. A., Axinte, D. A., Lowth, S.,
Cendrowicz, A. M., & Welch, S. T. (2019), “On the effect
of mould temperature on the orientation and packing of
particles in ceramic injection moulding”. Journal of the
European Ceramic Society, 39(10), 3194-3207. https://
doi.org/10.1016/j.jeurceramsoc.2019.04.025

Zheng, R., Tanner, R. L., & Fan, X.-J. (2011), “Injection
molding: Integration of theory and modeling methods”.
Springer. https://doi.org/10.1007/978-3-642-21163-8.
Shengjie, Y., Li, Q. F., & Yong, M. S. (2006), “Method
Jfor determination of critical powder loading for powder-
binder processing”. Powder Metallurgy, 49(3), 219-223.
https://doi.org/10.1179/174329006X146418

Uematsu, K., Ohsaka, S., Shinohara, N., & Okumiya,
M. (1997), “Grain-oriented microstructure of alumina
ceramics made through the injection molding process”.
Journal of the American Ceramic Society, 80(5), 1313-
1315. https://doi.org/10.1111/j.1151-2916.1997.tb02977 x
Wang, X., Zhao, G., & Wang, G. (2014), “Optimal design
of heating system for rapid thermal cycling mold using
particle swarm optimization and finite element method”.
Applied Thermal Engineering, 64(1-2), 462-470. https://
doi.org/10.1016/j.applthermaleng.2013.12.028

Wang, X., Zhao, G., & Wang, G. (2013), “Research on
the reduction of sink mark and warpage of the molded
part in rapid heat cycle molding process”. Materials
& Design, 47, 779-792. https://doi.org/10.1016/j.
matdes.2012.12.047

Wang, G., Zhao, G., & Wang, X. (2013), “Effects of
cavity surface temperature on mechanical properties
of specimens with and without a weld line in rapid
heat cycle molding”. Materials & Design, 46, 457-472.
https://doi.org/10.1016/j.matdes.2012.10.054

Somé¢, S. C., Delaunay, D., Faraj, J., Bailleul, J.-
L., Boyard, N., & Quilliet, S. (2015), “Modeling
of the thermal contact resistance time evolution at
polymer—mold interface during injection molding:
Effect of polymers’ solidification”. Applied Thermal
Engineering, 84, 150-157. https://doi.org/10.1016/j.
applthermaleng.2015.03.037

Dong, Y., Li, X., Zhao, Q., Yang, J., & Dao, M. (2017),
“Modeling of shrinkage during investment casting of
thin-walled hollow turbine blades”. Journal of Materials
Processing Technology, 244, 190-203. https://doi.
org/10.1016/j.jmatprotec.2017.01.005

Gromada, M., Swieca, A., Kostecki, M., Olszyna, A.,
& Cygan, R. (2015), “Ceramic cores for turbine blades
via injection moulding”. Journal of Materials Processing
Technology, 220, 107-112. https://doi.org/10.1016/j.
jmatprotec.2014.12.010

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)

304

TAP CHI CO KHI VIET NAM, S6 329, thang 6 nam 2025

cokhivietnam.vn / tapchicokhi.com.vn



