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TOM TAT

Trong xd hoi hién dai, si tién bg cong nghé thiic ddy phdt trién virot bdc trong khoa hoc va
sdng tao. Nho: dé, cac san pham va thiét bi ngay cang nho gon, nhe, déap vmg yéu cau ky thudt cao,
tham my va gid tri kinh té. Piéu nay ddt ra thach thirc I6n cho nganh nhya. Khi xir 1y khudén truyén
nhiét, néu nhiét @ tao hinh dwoc duy tri gan véi nhiét dg chuyén pha cia nhya, kha ndng dién day
cdc chi tiét phike tap ¢ quy mé nho sé tang. Nhiét do bé mat khudn cao giip qud trinh dé nhwa don
gidn hon, cdi thién chdt lwong bé mdt san pham. Tuy nhién, nhiét dg khuén cao lam chdm qud trinh
lam nguoz kéo dai chu ky ép phun va tang chi phi. Do d6, viéc thiét ké hé thong lam mat hiéu qua
la can thiét @é dap vmg yéu cdu sdn pham Hién nay, nhiéu khuon ép nhya sw dung kénh lam mat
thang, gdy lam madt khéng déu, dan dén sai léch khéng mong muon. Cdc phwong phdp méi, nhie lam
mdt qua 16p lam mat, dang dwoe nghién ciru dé dam bao lam mdt dong déu, giam thoi gian va 16i
trong ép phun.

Tir khéa: Nhiét dg long khuén; Théng sé gia nhiét; Ep phun nhwa,; Lam mdt khuén; Chat
lwong be mat.

ABSTRACT

In today's society, technological advancements drive significant progress in science and
innovation. This leads to the development of compact, lightweight products and devices that meet
stringent technical requirements, offer high aesthetics, and maintain economic value. Such demands
pose modern challenges in the plastics industry. During heat transfer molding, maintaining the
molding temperature close to the phase transition temperature of the plastic resin enhances the
ability to fill intricate shapes with small-scale precision. Generally, higher surface temperatures
simplify the resin injection process, improving product surface quality in most cases. However,
elevated mold temperatures delay the cooling process, extending injection molding cycles and
increasing production costs. Therefore, designing an efficient cooling system is crucial to meet

specific product and shape requirements. Currently, most injection molds with straight cooling &
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channels result in uneven cooling, causing temperature variations across mold surfaces and
undesirable defects. Emerging methods, such as conformal cooling, aim to achieve uniform cooling,
reducing time and errors in injection molding. Motivated by these challenges, our team decided to
research and develop the topic: “Design and Fabrication of Conformal Cooling Layers and Thin-
Walled Molds”. By overcoming experimental parameters, we aim to apply our findings to practical

industrial production.

Keywords: Mold core temperature; Heating parameters; Plastic injection molding; Mold

cooling; Surface quality.
1. TONG QUAN

Trong boi canh phat trién manh mé& ctia
nganh cong nghiép san xuat nhya, viéc kiém
so4t va diéu chinh nhiét d6 trong khudn ép
dong vai tro then chdt d6i voi chit luong san
pham va hiéu sut san xuit. Qu4 trinh ép nhua
chiu anh hudéng manh tir sy chénh 1€ch nhiét 4o
giita cac bé mat khudn va vat liéu nhya nong
chay, lam phat sinh cac hién tugng nhu co rut,
cong vénh, 16 khi hodc tao bavia néu khong
duoc kiém soat tot [1]. Do do6, h¢ théng giai
nhiét hiéu qua khong chi giap duy tri nhiét do
khuon ¢ mic 6n dinh ma con anh hudng truc
tiép dén do chinh xac, do bong bé mat, va thoi
gian chu ky ctia san pham [2].

Céac phuong phép truyén thong nhu
kénh 1am mat tron duoc gia cong bang khoan
thang tuy pho bién nhung lai ton tai nhiéu han
ché, dic biét 1a & cac khuodn co hinh dang phuc
tap. Két ciu nay thuong dan dén su phan bd
nhiét khong ddng déu, tir d6 gy bién dang san
pham va giam tudi tho khuon [3]. Nham khic
phuc nhirng nhuogc diém trén, nhiéu nghién ctru
gan day da tap trung vao phat trién cac hé thong
lam mat t6i wu, trong d6 ndi bat 1a giai phap
hé théng giai nhiét dang 16p (layer cooling
system) — mot huéng tiép can mang tinh dot
pha, ddc biét phu hgp vdi khudn cé hinh dang
phuc tap hodc yéu cau nhiét d6 chinh xac cao

[4].

Heé thong giai nhiét dang 16p 1a mot cai
tién dua trén nguyén 1y ting dién tich truyén
nhiét thong qua viéc st dung cac kénh dang
phéng hodc cac hoc tan nhiét, két hop voi céac
bi thép hodc bi sat dong vai trd nhu vat trung
gian truyén nhiét. Ciu trac nay khong nhiing
mo rong dién tich tiép xuc giita chat long 1am
mat va khuén ma con lam tang kha nang phan
bd dong déu nhiét do trong 10ng khudn, tir d6
dam bao chat lwong san pham 6n dinh hon [5].
Thuc nghiém cho thay ring, v4i cung diéu kién
van hanh, khuon str dung hé thdng giai nhiét
layer c6 thé giam thoi gian 1am mat 1én dén 20-
30% so voi hé thong 1am mat truyén thong [6].

Mot sé nghién ciru st dung céng nghé
in 3D kim loai hoic gia cong CNC chinh xac dé
tao cac 16p kénh tan nhiét phtc tap, tor do tao
diéu kién cho thiét ké giai nhiét linh hoat, phu
hop voi timg ving yéu cau nhiét d6 riéng biét
trong khudn [7]. Thém vao d6, mot sé6 nhom
nghién ctru con dé xuat phuong an sir dung bi
thép c6 kich thudc tuong dwong do sau hoc dé
ho tro viée truyén nhiét hiéu qua hon, déng thoi
ngan ngua hién tugng vong hodc bung vd cua
cac 16p kénh khi chiu ap luc cao trong qua trinh
ép nhya [8].

Viéc cai thién kha nang kiém soat nhiét
do trong khudn ép nhya thong qua hé thong
gidi nhi¢t layer mang lai loi ich 10 rét trong
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viéc nang cao chét lugng san pham, dong thoi
tang tudi tho khudn va giam chi phi bao tri. Tuy
nhién, khong thé phii nhan rang viéc ap dung hé
thong nay con d6i mat vai mot sb thach thirc nhur
chi phi ché tao cao, yéu cau do chinh xac gia cong
cao va kho khan trong bao tri hé thong kénh nhiéu
16p [9]. Pac biét, khi cac bi thép bi an mon hoac
ket do cin ban trong chét long lam mat, viéc théo
lp béo tri gap nhiéu trd ngai va cd thé anh huong
t61 toan bd chu trinh san xuat [8].

Trong cac thi nghiém thyc té, nhom
nghién ctru di tién hanh so sanh nhiét do phan
b trong khudn giita hé théng giai nhiét layer
va hé théng kénh tron truyén théng. Két qua
cho thay rang, véi ciing mot thong s6 nhiét dau
vao, hé théng layer cho ra két qua nhi¢t do bé
mit khuon déng déu hon, vé6i sai s nhiét do
giita cac diém do giam dang ké, chi dao dong
dudi 2°C so v6i trén 5°C trong hé thong truyén
théng [1], [6]. Piéu nay ching minh tinh vu
viét ctia hé thong layer trong viéc kiém soat
chét luong nhiét, dac bi¢t phu hop véi cac san
pham doi hoi dung sai kich thude chat ché hodc
c6 hinh dang mong, phuc tap [3], [7].

Ngoai ra, mot s6 giai phap bo trg nhu
viéc toi wu hoa hinh hoc cua kénh lam mat, ap
dung mé phong nhiét 46 qua phan mém CFD
(Computational Fluid Dynamics), hay tich hop
cam bién nhiét do trong khudn dang dugc tich
cuc nghién ctru nhdm nang cao hon nira higu
qua cta hé thong giai nhiét dang 16p [5], [9].
Nhitng tién bo nay hudng téi muc tiéu xdy dung
mot hé thong khudn thong minh, c6 kha ning
tu diéu chinh dong chay hoac nhi¢t do lam mat
theo diéu kién thuc té dé duy tri trang thai van
hanh t6i wu [8].

Tur nhiing nén tang 1y thuyét va thuc
nghiém trén, bai bdo nay tap trung vao viéc
khao sat anh huong cua cac thong so gia nhiét

dén nhiét do thyc té bén trong long khudn. Viéc
hiéu rd méi twong quan giira thong sb gia nhiét
va sy phan bd nhiét trong long khuon khong
chi gitip t6i uu hoa thiét ké hé thong giai nhiét
ma con 1a co s¢ dé trién khai cac chién luge
kiém soat nhiét do tién tién trong san xuat cong
nghiép.

2. QUY TRINH GIA CONG KHUON

Tam kep trudc, hay con goi 1a tim kep
di dong, 12 mot bo phan quan trong cua khudén
ép nhua. Puoc gin trén may ép nhua, tim nay
c6 nhiém vu gilr chat ntra khudén di dong trong
sudt qua trinh ép. TAm kep trudc di chuyén
cung may ¢ép, tao ra luc kep can thiét dé gitr hai
ntra khuén (di dong va cb dinh) chit ché véi
nhau khi nhya nong chay dugc tiém vao khuon.
Ngoadi ra, n6 con la diém gin vong dinh vi va
bac cudng phun.

e Chic nang chinh: Gir chat khuon.
Tam kep trude dam bao nira khudn di dong va
c¢b dinh duoc giit chit trong subt qué trinh ép,
ngan khuon xé dich hodc mo ra khi nhya néng
chay duoc tiém, tir d6 tranh cac 16i trén san
pham.

« Phan bd ap lyc: Giap phan phdi déu ap
luc kep 1én toan bo bé miat khudn, dam bao san
pham nhya dugc tao hinh chinh xéac, dong déu,
tranh hién tuong sai 1éch hoac bién dang.

« Dan hudng di chuyén: Thuong duoc
gin trén cac thanh dan hudng, tim kep trudc
dam bao su di chuyén muot ma va chinh xac
cua ntra khudn di dong khi may ép dong va ma,
g6p phan duy tri d6 6n dinh trong san xuét.

* Vat liéu va thiét ké: TAm kep trudce
dugc thiét ké chu trong dén do bén va do
chinh xac, sir dung vat li¢u c6 do bén cao, chiu
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duogc luc lon va Gng suit nhiét trong qua trinh
¢p nhya. Kich thudc cua tam dugc tinh toan
can than dé phu hop vdi cdu tric téng thé cua
khuon va thong s6 ky thuat caa may ép. Do day
va dién tich bé mit ctia tim dugc t6i wu dé chiu
duogc luc kep can thiét dong thoi dam bao do
bén céu trac.

* Vai tro trong qua trinh ép nhya: TAm
kep trudc dong vai trd then chot trong vige tao
ra san pham nhya chat lugng cao. Kha nang gilr

chit khuon, phan b ap lyc dong déu va hd trg
di chuyén chinh x4c anh huéng truc tiép dén do
chinh x4c va tinh déng nhét cia san phim. Mot
tam kep trude duoc thiét ké tot giup giam thiéu
16i san xuat nhu hién trong nhua tran hodc dién
day khong hoan chinh, dong thoi nang cao hiéu
sudt cua qua trinh ép. Viéc tich hop véi cac bd
phan nhu vong dinh vi va bac cuéng phun dam
bdo can chinh chinh x4c va dong chay vat li¢u
muot ma, gop phan tao ra san pham khong 15i.

Bdng 1. Danh muc phoi

Hinh 1. San pham thiét ké

Barrel

Proportin
al

Mold

Valve

Solenoi
d Wahwex

Hinh 2. Gia nhiét khuén bang dau nhiét

STT Chi tiét Kich thuéc phoi Vit liéu S6 lwong | May gia cong
(mm)
1 Tam kep trén 430x400x30 Thép C45 1
2 Tam kep dudi 430x400x30 Thép C45 1
3 Té:lm runner 430x390x25 Thép CT3 1 My phay CNC
4 Tam khu6n 4m 430%x390%25 Thép CT3 1
5 Tam khuén duong 430x390%x40 Thép CT3 1
6 Géi 45 400x63x100 Thép CT3 2
Phin du ra dé kep

Hinh 3. Vi tri tam kep trén trén bg khuon
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3. LAP GHEP KHUON VA THU NGHIEM

Qué trinh gia cong va lap rap bo khuon
ép nhua dugc nhom nghién cru thyc hién can
than nhiam dam bao do chinh x4c va hi¢u suit
van hanh cua hé théng. M3di tim khuén duge gia
cong riéng 1¢ bang may CNC véi do chinh xéac
cao, st dung k¥ thuat phay hoc dé tao cac kénh
lam mét dang 16p layer theo thiét ké da duoc
t61 wu hoa tir cac nghién ctru trude [1]. Sau khi
hoan tat gia cong, cac tim khudn duoc kiém tra
k¥ ludng dé dam bao khong co sai sét vé kich
thudc hodc khuyét tat bé mat, diéu nay dic biét
quan trong dé tranh cac van dé nhu ro ri chit
lam mat hodc bién dang san pham trong qua
trinh ép phun [2]. Viéc lp rap cac tim khudn
thanh mot bd khuon hoan chinh dugc thuc hién
véi su hd trg ctia cac dung cu cin chinh chinh
xé4c, dam bao cac kénh lam mat duoc két ndi
lién mach va khong xay ra hién tugng sai Iéch
vi tri [3].

Sau khi hoan tét 1ap rap, nhom tién hanh
ép thir san pham dé danh gia hiéu suat ciia bo
khuén va hé théng 1am mat. Qua trinh ép thur
duoc thuc hién trén may ép phun cong nghiép
v6i cac thong s6 duoc diéu chinh dua trén dic
tinh vat liéu nhya va yéu cau k¥ thuat cua san
pham [4]. Két qua cho thay san pham thu duoc
khong bi bién dang, khong xuét hién ba via
(flash), va cac chi tiét duoc dién ddy hoan toan,
dap mg day du cac tiéu chuan chat luong [5].
Hinh 5 minh hoa san pham ép thir voi bé mit
min, khong c6 khuyét tat, chimg minh rang qua
trinh truyén nhiét tir khudn ra méi trudng xung
quanh duoc kiém soat hiéu qua nho hé thong
lam mat dang 16p layer [6].

Hé théng duodng nudc lam mat, mot
trong nhiing yéu t6 quan trong nhét cta bo
khuén, dugc kiém tra k§ ludng trong giai doan
thir nghiém. Cac kénh lam mat duoc thiét ké dé

t61 ru hoa dong chay cta chit lam mat, sir dung
bi thép lap day hoc gia cong nhiam ting dién
tich tiép xtc va cai thién hiéu suét truyén nhiét
[7]. Két qua thir nghiém cho thiy hé thong 1am
mat hoat dong on dinh, khong c6 hién tugng ro
ri hay tic nghén trong subt qua trinh van hanh
[8]. Nhiét do bé mat khudn dugc duy tri dong
déu, v6i do léch nhiét do giira cac ving khudn
giam dang ké so véi cac hé thong lam mat
truyén thong, didu nay phu hop véi cac nghién
clru trude ddy vé hiéu qua cua kénh 1am mat
dang 16p layer [9].

.
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¥
- -
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Hinh 4. Hinh anh khuén dwoc lap ghép hoan chinh

Mic du dat dugc nhiéu két qua tich cye,
qué trinh thyc nghiém cling boc 10 mat s6 han
ché ctia bo khuon. Trude hét, kich thude khuon
con cong kénh, dan dén kho khan trong viéc
van chuyén va lap dit trén cac may ép phun
c6 kich thudc gidi han [8]. Thir hai, chi phi gia
cong cao 1a mot trd ngai 16n, chi yéu do yéu
cau str dung may CNC hién dai va vat liéu chat
lugng cao dé dam bao do bén va dd chinh xéc
ctia khuon [3]. Nhiing han ché nay lam giam
tinh kinh té ctia hé thong, dic biét khi ap dung
vao san xuat quy mo 16n [5]. Nhom nghién ciru
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nhan thiy riang viéc toi wu hoa thiét ké khuon,
chang han nhu giam sé lwong tAm khudn hoic
don gian hoa céu triic kénh lam mat, c6 thé gitp
giam chi phi va kich thudc tong thé ma van duy
tri hiéu suat lam mat [7].

Trong tuong lai, nhom nghién ctru du
kién tap trung vao cac hudng cai tién thiét ké
dé nang cao hiéu qua va tinh kha thi kinh té
ctia bo khudén. Mot trong nhitng giai phap tiém
ndng la img dung cac k¥ thuat in 3D (additive
manufacturing) dé ché tao cic kénh lam mat
phtrc tap, gitp giam thoi gian gia cong va chi
phi san xudt [1]. Ngoai ra, viéc sir dung cac vat
liéu din nhiét cao hoic 16p phii bé mit tién tién
c6 thé cai thién hiéu suét truyén nhié¢t ma khong
can tang kich thudc khuon [9]. Cac nghién ciru
tiép theo ciing s& tap trung vao viéc mod phong
va toi wu hoa dong chay chit lam mat bang
phuong phap CFD dé x4c dinh cac thong s6
van hanh tdi wu, tir d6 giam thiéu tiéu thu nang
luong va thoi gian chu ky san xuét [4].

Hinh 4 minh hoa by khuon duoc lép
ghép hoan chinh, cho thay sy chinh xac trong
thiét ké va gia cong cua cac tam khudén. Hinh
5 thé hién san pham ép thu, voi cac chi tiét rd
rang va khong co khuyét tat, khang dinh hiéu
qua ctia hé théng lam mat trong viéc kiém soat
nhiét d6 khuon. Nhimng két qua nay khong chi
ching minh tinh kha thi ctia hé thong lam mat
dang 16p layer ma con dat nén tang cho céc
nghién ctru tiép theo nham cai thién cong nghé
khuon ép nhya.

Tom lai, quéa trinh gia cong, lap rap,
va thtr nghiém bd khuon ép nhua voi hé théng
lam mat dang 16p layer da mang lai két qua kha
quan, v&i san phém dat chét luong cao va hé
théng lam mat hoat dong on dinh. Tuy nhién,
céc han ché vé kich thudc va chi phi gia cong
doi hoi cac giai phap cai tién trong thiét ké va

quy trinh san xuat. Nhitng nd lyc trong tuong
lai s& tap trung vao viéc t6i wu hoa thiét ké
khuon, tmg dung cong nghé mai, va gidm chi
phi dé dwa cong nghé nay vao Gng dung thuc
tién mot cach hiéu qua hon.

fa :'?11 F !

o

% 3 |’

Hinh 5. San pham thu dwoc khi ép thir
4. KET LUAN

Sau qua trinh nghién ciru, thiét ké va
thir nghiém khuon ba tdm cung hé théng lam
mat, nhom ching t6i it ra cac két luan chinh
nhu sau:

« Chét lugng san pham: San pham ép
thir dat yéu cau, khong xuit hién bién dang bé
mit, khong ¢ ba via, va duoc dién day hoan
toan, dam bao tinh chinh xac va thAm my theo
thiét ké ban dau.

« Hiéu suét khuon: B khuén ba tim
hoat dong on dinh, tim kep trudc giit chat
khuon hiéu qua, phan bd 4p luc déu, hd tro
di chuyén chinh xéac, gop phan nang cao chét
luong san pham.

« Hé thong 1am mat: Pudng nudc lam
mat duoc lap rap hoan chinh, van hanh tron tru,
khong ro ri, ddm bao kha niang 1am mat dong
déu, giup raut ngan thoi gian chu ky ép.
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« Han ché: Khuén c6 kich thuéc 1ém,
cong kénh, dan dén chi phi gia cong cao hon so
v6i cac loai khuon thong thuong, gay kho khan
trong viéc t6i wu chi phi san xuat.

« Hudng phat trién: Nhom sé tiép tuc
nghién ctru dé thu gon kich thudc khuon, cai
tién thiét ké hé théng lam mat, va tim giai phap
giam chi phi gia c6ng, nham nang cao tinh kinh
té va tmg dung thyuc tién trong san xuit cong
nghiép.

(*) Péng gop ciia tac gia:

- Hinh thanh y tuédng va muc tiéu nghién
ctru: VO Kim Hang;

- Thyc hi¢n nghién ctru, thu thdp du
liéu, phan tich dir liéu, viét va chinh sta bai
béo: Hd Minh Tri, Duong Van Linh, Nguyén
Vin T, Tran Thanh Lam.
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