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TOM TAT

Nghién citu ndy tdp trung vao viéc ing dung hé thong 16p gidi nhiét (cooling layer) nham
kiém sodt phdn bé nhiét trong qud trinh gia nhiét khudn ép phun, ddc biét déi véi san pham nhia
thanh mong. Mot mé hinh nghién cieu da dwoc xdy dung va phan tich théng qua mé phong sé va
thue nghiém. Phan mé phong dwoc thue hién bang ANSYS CFX dé ddanh gid sw truyén nhiét va dong
chay trong I6p gidi nhiét, trong khi thue nghiém sir dung camera hong ngoai dé ghi nhan phin bé
nhiét trén bé mdt khuén. Cac thong 56 cong nghé quan trong nhu nhiét do nuwoc vao, luu luong
dong chay va chiéu day 16p giai nhiét dwoc khdo sat dé danh gia anh huéng dén sy dong déu nhiét
va hiéu sudt gia nhiét. Két qua cho thay 16p gidi nhiét givip cdi thién ddng ké sw phdn bo nhiét, rit
ngdn thoi gian gia nhiét va giam sai léch nhiét so véi kénh gidi nhiét truyén thong. Sai sé gitta mé
phong va thuce nghiém didi 5%, khang dinh tinh chinh xdc va tiém ndang iimg dung ctia phirong phdp
trong néng cao chdt lwong san pham va téi wu héa quy trinh ép phun.

Tw khéa: Khuon phun ép nhwa,; Phan bé nhiét dd; Gia nhiét khuén; Giai nhiét khuon; Dong
chay nhya; Ti 1é dién day.

ABSTRACT

This study investigates the application of a cooling layer system for thermal control in
injection mold heating, focusing on thin-walled plastic products. A research model was developed
and analyzed using both numerical simulations and experimental validation. The simulation,
performed with ANSYS CFX, evaluated heat transfer and fluid flow inside the cooling layer, while
infrared thermography was employed to capture temperature distribution on the mold surface
during experiments. Key process parameters, including inlet water temperature, flow rate, and
cooling layer thickness, were varied to assess their effects on thermal uniformity and heating
efficiency. Results indicated that the cooling layer significantly improved temperature distribution
across the mold cavity, reduced heating time, and minimized thermal gradients compared with
conventional straight-drilled channels. The close agreement between simulation and experimental
data (error <5%) confirmed the reliability of the model. These findings highlight the potential of
cooling-layer-integrated molds for enhancing product quality and optimizing industrial injection
molding processes.

Keywords: Injection molding, Temperature distribution; Mold heating, Mold cooling,; Melt
flow, Filling percent.
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1. TONG QUAN

Trong bbi canh cong nghiép ché tao san
pham nhya ngay cang phat trién, cong nghé ép
phun (injection molding) da tr¢ thanh mot trong
nhitng phuong phap pho bién va hiéu qua nhat
dé san xuat hang loat cac chi tiét nhwa c6 hinh
dang phuc tap va do chinh xac cao. Bac biét,
cac san phdm nhya thanh mong (thin-walled
plastic parts) ngay cang dugc su dung rong rai
trong cac linh vuc dién tur, y té, 6 t6 va hang tiéu
dung. Tuy nhién, viéc san xuét cac san pham
nay doi mit v6i nhiéu thach thire, trong d6 ndi
bat la cac khuyét tat nhu short-shot, cong vénh,
va duong han, chii yéu bat ngudn tir sy khong
déng déu nhiét d6 khudn va hién tugng dong
ddc nhanh cua vat liéu khi tiép xac voi thanh
khuon [1-4].

Hé thdng lam maét khudn truyén thong
stt dung cac kénh khoan thing thuong khong
dap ung duoc yéu cau kiém soat nhiét do chinh
xéc, dan dén phan bd nhiét khong dong déu va
chu ky 1am mét kéo dai, von chiém dén 60-80%
tong chu ky ép [5-8]. Bé khic phuc nhugc diém
nay, nhiéu huéng nghién ctu di duoc trién
khai nhu kénh 1am mat déng hinh (conformal
cooling channel — CCC) ché tao bang in 3D
kim loai, hé théng gia nhi¢t chu dong béng
khi néng, hodc tich hgp 16p gidi nhiét (cooling
layer) trong cau triic khudn. Céc giai phap nay
khong chi gitp cai thién phan bd nhiét ma con
rit ngan thoi gian chu ky, nang cao chét lugng
va tinh 6n dinh cta san pham [9-12].

Trén thé gidi, cac nghién ctru gan day
tap trung vao viéc tdi wu hoa thiét ké kénh lam
mét bang cic phuong phap sé nhu FEM va
CFD, két hop voi tri tu¢ nhan tao dé kiém soat
nhi¢t d¢ thoi gian thuc. Trong nude, nhiéu cong
trinh d budc dau Gmg dung mo phong sb va
cong nghé in 3D kim loai dé phat trién cac cau
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tric lam mat moi, mang lai hiéu qua 10 rét trong
cai thién hi¢u suat truyén nhiét.

T co sé trén, nghién ctru img dung 16p
giai nhiét (cooling layer) trong gia nhiét khuén
¢p phun nhya thanh mong dugc xem la hudng
di tiém ning, vira c6 y nghia khoa hoc trong
viéc 1am 18 co ché truyén nhiét trong khuén,
vira mang gia tri thyuc tién trong cai tién quy
trinh san xuat cong nghiép [13-20].

2.CO SO LY THUYET

Céc giai doan chinh trong chu ky ép
phun bao gém thoi gian dong khudn, lam day,
gilt 4p suit, lam mat va mé khuon [21, 22].
Hinh 1 cho thiy su phan bé thoi gian cua timg
giai doan trong mdt chu ky ép [23], trong do,
thoi gian lam mét dong vai trd quan trong nhét,
chiém tir 60% dén 80% trén tong thoi gian cua
mot chu ky ép phun ddi véi san phdm nhya
[24]. Vi vay, thoi gian chu ky €p phun va nang
suét san phém nhua c6 sy lién két chit ché voi
qué trinh lam mat, viéc gidm thoi gian lam mat
1a yéu t6 quan trong trong viéc niang cao hiéu
qua san Xudt.

Hinh 1. Mt sé hé tho”'ng gidi nhiét

Thoi gian 1am mat chii yéu phu thudc
vao hiéu qua 1am mat ctia hé thong kénh 1am mat
trong khudn. Tuy nhién, trong cac phuong phéap
san xuat truyén thong, kénh 1am mat thuong
duoc thiét ké theo dang cac 16 khoan, diéu nay
gdy ra su khong dong déu vé khoang cach giita
kénh lam mat va long khuon [25]. Két qua 14,
cac khu vue gan kénh 1am mat s& c6 tc do 1am
mat nhanh hon, trong khi cac khu vuc xa s€

&
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lam mat cham hon. Nhiing khu vuc co tbe do
lam mat cham s€ kéo dai thoi gian lam mat ctia
toan bd san phém, tur do, lam tang thoi gian chu
ky ép phun va giam ning suat [26]. Viéc Gmg
dung hé thong 16p giai nhiét (cooling layer) cho
san pham 2D c6 thanh mong s& gitip t6i wu hoa
su phan bd nhiét cua hé théng mat, gitp nhiét
dugc loai bé nhanh chong khéi khudn va rut
ngén thoi gian 1am mat, qua do, cdi thién hi¢u
qua san xuat va mang lai loi ich kinh t& 16n hon
cho doanh nghiép.

Bdng 1. Mt s6 chdt lam lam mat thuong dwoc
sk dung

Chit lam mat thong dung

Chat lam ngudi Nhiét do 1am viéc °C

Nude 5°C dén 90°C

Dau khoang 40°C dén 120°C

Glycol va nudc 30°C dén 100°C

Propylene Glycol -30°C dén 120°C

Ethylene Glycol -30°C dén 100°C

3.MO HINH NGHIEN CUU VA MO PHONG
3.1. San phim

Nghién ctru ndy da str dung chi tiét co
kich thudc bao 98,5 mm X 71,9 mm X 1 mm.

TAm insert c6 kich thudc bao 1a 301 mm x 252
mm X 1 mm nhu hinh 2.

Hinh 2. San pham thiét ké va Tam long khudn

thiét ké

3.2. H¢ théng giai nhiét Cooling layer

Trong nghién clru nay, viéc xay dung
mé hinh nghién ciru déng vai trd then chét
nhim 1am 13 sy anh huong cua 16p giai nhiét
(cooling layer) dén qua trinh gia nhiét khuén
ép phun san pham nhwa thanh moéng. M6 hinh
duogc phat trién dua trén co so 1y thuyét truyén
nhiét va dong luc hoc chit 16ng, ddng thoi duoc
kiém chimg bang mé phong s va thuc nghiém.

Trudc hét, hé thong khudn thi nghiém
dugc thiét ké voi cdu trac dic thu bao gom 16p
giai nhiét dat xen k& trong tim khuon. Lép nay
¢6 nhiém vu duy tri sy phan bd nhiét do dong
déu, giam thiéu gradient nhiét va rat ngan thoi
gian gia nhiét. Cac thong s chinh ctia mé hinh
gém: nhiét do nude dau vao tir 50°C dén 90°C,
chiéu day tdm chan nudc tir 1 dén 3 mm, chidu
day hoc nuéc tir 2 dén 8 mm, cung véi luu
luong dong chay tir 27,7 dén 122.5 g/s. Viée
lwa chon pham vi thong s6 nay nhdam mé phong
cac diéu kién cong nghiép thyuc té, dong thoi
cung cép co s dit liéu cho phan tich téi uu hoa.

Trong giai doan mo phong, phan mém
ANSYS Fluent dugc sir dung dé giai bai toan
truyén nhiét va dong chay bén trong hé thong
cooling layer. Qué trinh md phdng tap trung
vao vi¢c xac dinh sy phan bd truong nhiét trong
long khuon, tbc d6 6n dinh nhiét do theo thoi
gian, va su thay ddi cua gradient nhiét tai cac vi
tri quan trong. Dit liéu nhiét d6 dugc trich xuat
tai cac diém dic trung doc theo tam san phém
dé danh gia sy dong déu nhiét. Ngoai ra, phan
tich so sanh dugc thyc hi¢n gitra truong hop
khuon c6 16p giai nhiét va khuon truyén thong
sir dung kénh lam mat khoan thang.

Song song v&i moé phdng, mot bd khudn
thuc nghiém dugc ché tao, trang bi 16p giai
nhiét va hé thong gia nhiét bang nudc nong
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tudn hoan. Camera hong ngoai Fluke Ti20 dugc
su dung dé ghi nhan nhiét do bé mat khuon,
trong khi phan mém Smartview hd tro xir Iy va
truc quan hoa dir liéu. Cac thi nghiém dugc tién
hanh trong khoang thoi gian 600 gidy, tuong
g v6i chu ky gia nhiét dién hinh trong cong
nghiép. Dit liéu do duoc bao gom sy thay do6i
nhiét do tai nhiéu vung trén long khudn, tir d6
danh gia kha ning diéu khién nhiét do cua 16p
giai nhiét trong diéu kién van hanh thyc té.

Tém long khudn (insert)

Hinh 3. Két cau khudn

Két qua phan tich cho thiy, mo hinh
nghién clru ndy c6 kha nang phan anh chinh
xac co ché truyén nhiét trong khuén ép phun
c6 tich hop cooling layer. Bac biét, su két hop
gitra mo phong va thuc nghiém giap nang cao
do tin cdy, dong thoi chi ra dugc su chénh léch
nho giita dir liéu 1y thuyét va thyc nghiém (sai
50 < 5%). Piéu nay chimg minh tinh hop 1y ctia
md hinh ciing nhu tiém ning 4p dung rong rai
trong san xut.

Hinh 4. M6 hinh luéi va két qua mé phong

Nhin chung, viéc xdy dung moé hinh
nghién ctru trong muc 3.3 khong chi cung cap
cong cu hiru hi¢u dé du doan va phan tich anh
huong cua 16p giai nhiét, ma con tao nén tang
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khoa hoc cho céc nghién ctru mo rong vé toi uu
hoa thiét ké khuon va cai thién chat luong san
pham nhya thanh mdng.

4. KET QUA VA THAO LUAN

Muc tiéu chinh ctia viéc phan tich két
qua mo phong 1a kiém nghiém va danh gia mirc
d6 tuong quan gitra cac thong s6 thu dugc tir mod
phong 1y thuyét v6i dir liéu thuc nghiém, nhim
xac dinh d6 chinh xac cia mé hinh thyc nghiém.

Két qua mod phong duoc phén tich dya
trén su phan bd nhiét do tai bé mat san pham,
trong d6 nghién ctru tap trung vao khu vuc bién
dang san phém, cu thé 1a vung hdc nude. Nham
nang cao dg chinh xac va tinh tryc quan trong
qué trinh danh gia, nhiét d¢ duoc trich xuét doc
theo mot dudng thang di qua tim san pham véi
toa d6 1 X = -57 mm dén 57 mm, Y = -75 mm,
Z =0, tai cac thoi diem 300 s.

Két qua duogc thé hién qua biéu dd toc
do gia nhi¢t (hinh 5) voi cac thong so:

« Nhiét d6 nude dau vao: 70°C;

* Chiéu day tdm chin: 2 mm;

« Chiéu day hdc nude: 2 mm, 3,5 mm, 5
mm, 6,5 mm, 8§ mm,;

* Luu lugng: 75,1 g/s.

Nhiét @ (°C)
TO 4

65
60

55 4

2 mm

——3.5 mm
S mm

— 6,5 mm
8 mm

S0 4

45

40 -

35 4

30

o 100 200 300 400 500 600
Theri gian (s)

Hinh 5. Biéu d6 thé hién toc do gia nhiét theo thoi
gian khi thay doi chiéu day hoc nuéc
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*Nhan xét:

Biéu d6 cho thdy sy anh huong cua
chiéu day hdc nude dén tde do gia nhiét. Cac
duong cong dai dién cho cac chiéu day khac
nhau cho thay rang chiéu day hdc nude c6 anh
hudng dén thoi gian can thiét dé nudc dat dén
nhiét do on dinh.

« C6 thé thiy rang cac duong cong sau
mot khoang thoi gian nhat dinh s& tién t6i gia
tri nhiét do nudc dau vao la 70°C.

« Chiéu day 2 mm va 3.5 mm cho thay
tde do gia nhi¢t nhanh hon so vé1 d§ day 16n
hon nhu 6,5 mm va 8 mm. Diéu ndy ching
minh ring chiéu day hdc nuée moéng hon giup
tang cuong kha nang truyén nhiét va téc do gia
nhiét.

Két qua duogc thé hién qua biéu dd tdc
do gia nhi¢t (hinh 6) vo1 cac thong so:

- Nhiét d6 nude dau vao: 50°C, 60°C,
70°C, 80°C, 90°C;

- Chiéu day tam chan: 2 mm;

- Chiéu day héc nuée: 5 mm;

- Luu lugng nudce: 75,1 g/s.

Nhiét aé (°C)
50°C
100 -
- —eoe
t] 0%
80 4 80'c
80 4 PN AV ave Ve
AV A

754 A FaVA A
nd NV
65 < ‘
60 e
5 In/ R e
w.. J
a5 ] l
40
35 4 !
30 . r r T T T .

0 100 200 300 400 500 600

Théi gian (s)

Hinh 6. Biéu do thé hién toc do gia nhiét theo thoi

gian khi thay doi nhiét do nude

*Nhan xét:

Nhiét do khuon anh huong 16n dén quéa
trinh ép phun. Nudc ¢ nhi¢t do cao nhu 90°C
cho phép gia nhiét khudén nhanh chong, gitp
nhwa dé dang dién day khuén, nhung can thoi
gian 1au hon dé nude dat dén nhiét d6 6n dinh ¢
muc 90°C. Nguoc lai, nhiét do nudce dau vao &
muc 50°C lai dé dang dat duoc nhiét do on dinh.
biéu nay cho théy réng su lya chon nhiét do
nude can phai can nhic k¥ ludng dua trén myc
dich san xuat va tinh chat cta ting loai nhua,
nham t6i vu héa ca hiéu suit san xuét 13n chét
luong san pham cudi.

5. KET LUAN

Qua két qua thuc nghiém va phén tich,
¢6 thé khang dinh ring viéc Gmg dung 16p giai
nhi¢t (cooling layer) trong gia nhiét khuon ép
phun d3 mang lai nhitng cai thién dang ké vé
kha ning kiém soat va phan bd nhiét do. Cac
thi nghiém cho thay hé thong cooling layer gitp
duy tri nhiét d6 khuon on dinh va dong déu hon
so v6i phuong phép truyén thong, dong thoi rat
ngén thoi gian gia nhiét va giam thiéu sai léch
nhiét giita cic ving cua long khuon. Piéu nay
gop phan han ché cac khuyét tat thuong gip o
san pham thanh moéng nhu cong vénh, dudng
han va co ngét.

So sanh gitta mo6 phong va thuc nghiém
cling cho thiy sy tuong quan cao, v6i sai s6 nho
hon 5%, ching té tinh chinh xac va do tin cay
ctia md hinh nghién ctru. Céc két qua dat duoc
khong chi khang dinh hiéu qua cta 16p giai nhiét
trong nang cao chit luong san pham ma con mo
ra hudng phat trién cho céac giai phap toi wu hoa
khuon ép nhua trong cong nghiép. Nhin chung,
chuong 4 da chimg minh gia trj thuc tién cua hé
thdng cooling layer, lam nén tang viing chic cho
viéc phat trién cac nghién ctru img dung va cai
tién tiép theo.
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