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(DANG LOM)

SIMULATION OF TEMPERATURE DISTRIBUTION OF PLASTIC INJECTION
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TOM TAT

Trong nganh cong nghiép ché tao, quda trinh phun ép nhira déng vai tro quan trong trong
viéc san xudt hang loat cdc san pham nhiea ¢é dg chinh xac cao. Tuy nhién, mot trong nhitng thach
thire I6m nhdt cia qua trinh nay la viéc kiém sodt va t6i wu héa nhiét @ trong khuon, vi nhiét do
khéng dong déu cé thé dan dén khuyét tat san pham va giam hiéu sudt san xudt. Bai bdo nay tdp
trung vao viéc mo phéng phdn bo nhiét @ trong khudn phun ép nhua cho san pham dang 3D. Cdc
tac gia sir dung phan mém Ansys, mot cong cu mo phong $6 hang dau, dé phan tich nhiét do tai cdc
diém khdc nhau trong khudn va xdc dinh cdac yéu té anh hieong dén si phdn boé nhiét. Nghién civu
tdp trung vao sw phan bé nhiét dg trong khudn phun ép nhwa dang 3D vi mé phong nhiét dé dang
3D phike tap hon so véi cac mé hinh san pham 2D va 2.5D tride ddy. Trong khi mé hinh 2D chi xem
xét hai chiéu va mé hinh 2.5D thém yéu té dé day, mé hinh 3D cho phép mé phong toan dién tdt ca
cdc yéu t6 khéng gian, givip tdi hién chi tiét hon vé phdn bé nhiét dg trong toan bé khudn phun ép.
Két qua nghién civu cho thdy nhiét dé khudn khoang 75,4°C dén 79,6°C va viéc sir dung mé hinh
3D trong mé phong phdn bé nhiét dg khéng chi ting dé chinh xdc ma con giip t6i wu héa thiét ké
khuén va quy trinh san xudt.

Tir khoa: Phén bo nhiét dé; Khuon phun ép nhwa; 3D.

ABSTRACT

In the manufacturing industry, the plastic injection molding process plays an important role
in the mass production of high-precision plastic products. However, one of the biggest challenges
of this process is controlling and optimizing temperature in the mold because uneven temperatures
can lead to product defects and reduced production efficiency. This article focuses on simulating
temperature distribution in plastic injection molds for 3D products. The authors used Ansys
software, a leading numerical simulation tool, to analyze temperatures at different points in the
mold and identify factors that influence heat distribution. The research focuses on the temperature
distribution in 3D plastic injection molds because 3D temperature simulation is more complex than
previous 2D and 2.5D product models. While the 2D model only considers two dimensions and
the 2.5D model adds the thickness factor, the 3D model allows for comprehensive simulation of all
spatial elements, helping to reproduce in more detail the temperature distribution in entire injection
mold. Research results show that the mold temperature is about 75.4°C to 79.6°C and the use of 3D
models in temperature distribution simulation not only increases accuracy but also helps optimize
mold design and production process.
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1. GIOI THIEU
1.1. Téng quan

Quy trinh phun ép nhua 1a mot trong
nhitng phuong phap san xuat quan trong nhat
trong nganh cong nghi€p nhua, cho phép tao
ra cac san pham c6 hinh dang phtc tap va do
chinh xéc cao. Qua trinh nay bao gém céc budc
nhu nap nhya, gia nhi¢t, phun vao khuon, [am
ngudi va thdo san pham. Sy kiém soat nhiét do
trong sudt cac giai doan nay 1a yéu t6 quyét dinh
dén chit lugng va tinh dong nhit ciia san pham
nhya. Mo phong phan bd nhiét d6 khuon ép
nhya dang 3D cho phép mé hinh hoa chi tiét va
toan dién hon so vdi cac mo hinh 2D va 2.5D.
Mo hinh 2D chi xem xét cac yéu td trén mot
mat phang, thiéu di d6 siu va cac yéu t6 khong
gian. M6 hinh 2.5D c6 cai tién bang cach thém
yéu t6 do day, nhung van con han ché trong
viéc mo ta chi tiét cac hién tugng phirc tap xay
ra trong khudén. M6 hinh 3D khéc phuc duogc
nhitng han ché nay bang cach tai hién day du
cac yéu t6 khong gian, gitp hiéu rd hon vé su
phan b nhiét do trong toan bo khudn. Dicu nay
dic biét quan trong d6i vai cac khudn co hinh
dang phtrc tap, noi ma cac yéu té nhu goc canh,
d6 day va ciu tric bén trong khudn c6 thé anh
huong dang ké dén qué trinh 1am ngudi va dong
két cia nhya. Nghién ctru nay nham muc dich
nang cao hiéu biét vé cach nhiét do dugc phan
bd trong khudn phun ép nhwa dang 3D, cung
cap thong tin chi tiét va chinh xac hon so véi
cac mo hinh trudc day.

1.2. Co sé ly thuyét

Qua trinh phun ép nhuya la mdt quy
trinh cong nghiép pho bién dé san xuat cac san
pham nhua c6 hinh dang va kich thudc chinh
xac. Quy trinh nay bat dau bang viéc nung chiy
hat nhya trong mot phéu chira nhiét. Khi nhya

dat dén trang thai long, né dugc dua vao khuon
thong qua mot 6ng phun dudi ap luc cao. Khudn
thuong dugc 1am tir kim loai va ¢ thiét ké theo
hinh dang mong muén ciia san pham. Khi nhya
16ng duoc bom vao khudn, né s& dién day cac
khoang khuon va tao hinh san pham. Sau do,
khuon dugc 1am mat dé nhwa dong ctimg va duy
tri hinh dang. Cubi cing, khuén mo ra va san
pham nhua dugc day ra ngoai, hoan thanh quéa
trinh phun ép nhya.

Céc yéu té anh huong dén phan b nhiét
d6 trong khuén phun ép nhya bao gdm loai vat
lidu ctia khuon, thiét ké hé thong lam mat, va
cac thong s6 k¥ thuat ctia qua trinh phun ép.
Vat liéu khuon quyét dinh kha nang dan nhiét
va phan tan nhiét 46 déu khap khuodn. Thiét ké
hé théng 1am mat, bao gdm vi tri va hiéu suét
cua cac kénh lam mat, c6 vai trd quan trong
trong viéc duy tri nhiét d6 6n dinh va ngin
chan hién tugng noéng cuc bo. Cac thong )
ky thuat nhu nhiét do phun, ap suat phun, va
tbc d6 phun ciing anh huong truc tiép dén cach
nhi¢t d§ dugc phan b trong khudn. Sy diéu
chinh khong hop 1y céc yéu td nay co thé dan
dén su phan bd nhiét d6 khong dong déu, gay
ra khuyét tat san phdm va giam chat luong san
xuat.

So sanh cac m6 hinh mo6 phong nhiét do
trong khudn phun ép nhua cho thdy su khéac biét
1 rét vé do phuec tap va do chinh xac. M6 hinh
2D chi xem xét hai chiéu (chiéu dai va chiéu
rong), khong tinh dén chiéu sau, do d6 don gian
va nhanh chong nhung thiéu d¢ chinh xéc trong
cac hé thong phire tap. M6 hinh 2.5D bao gém
ca chiéu day, cung cip cai nhin chi tiét hon so
v6i mo hinh 2D nhung van ton tai nhitng han
ché nhét dinh trong viéc tai hién khong gian
déy du. Mo hinh 3D, tai hién toan dién cac yéu
t6 khong gian (chiéu dai, chiéu rong va chiéu
sau), mang lai d§ chinh xac cao hon trong viéc
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md phong sy phan bd nhiét do trong toan bo
khuon. Piéu nay dic biét quan trong trong viéc
phan tich cac khudn c6 hinh dang phuc tap va
nhiing bién d6i nhiét do phurc tap, 1am ndi bat
wu diém vuot trdi cia mo hinh 3D so véi cac
md hinh 2D va 2.5D.

2. PHUONG PHAPMO PHONG MO HINH
CAC TAM KHUON SAN PHAM DANG 3D

2.1. Xay dung mé hinh trén CAD

Mo hinh CAD cho bai bao nay duoc
xdy dung trén phan mém Creo Parametric va
ANSY'S Workbench. Hinh hoc ba chiéu 3D bao
gom kénh lam mat, long khudn am (duong) va
vo khudn hinh chit nhat. Vige thiét ké duoc
minh hoa trong hinh 1.

3 T2

Hinh 1. M6 hinh thiét ké tam khudn san pham
dang 3D

Bdng 1. Cung cdp cdc yéu té cau thanh cia hinh
hoc cua mé hinh.

S6 thir tw cac thanh phén Mo ta
1 Kénh lam mat
2 Long khudén
3 Khuén

2.2. Vat li¢u

Trong phan mé phdéng, cac nha nghién
cuu su dung cac vat li¢u dé lam tham s6 dau
vao: nudc dugc st dung trong kénh lam mat,

polypropylen (PP) duogc sir dung trong phan
phun nhya vao long khuon. Thép C45 dugc
str dung dé ché tao khuon. Trong s cac thanh
phan, nudc 1a chat long, con PP va thép C20
duoc coi 1a vat liéu ran.

Bdng 2. Trinh bay tong quan vé tinh chdt ciia cdc
vat liéu.

Vit lidu Nuére PP C45

Khdi lwong riéng

(ke/m’) 997 850-950 | 7850

Nhié¢t dung riéng

(U/keK) 4200 ~2000 480

Do dan nhiét

(W/m.K) 0.6 0.2 49.8

3.PHUONG AN VA KET QUA MO PHONG

Phuong phap chia ludi trong nghién
ctru nay la Inflation va Face Sizing, hai mo-
dun nay déu st dung cac tham s6 ludi duoce tao
boi phan mém Workbench. M6 hinh chua dugc
tham sb ho4 (bén trai) va mé hinh da dugc tham
s6 hoa chia ludi (bén phai) trong hinh 2.

U

Hinh 2. M6 hinh chira tham sé (trdi) va mé hinh
dd tham s6 chia luéi (phai)

Thiét ké hé thong duong nudc vio
khuén nhur hinh 3. Thiét 1ap khuén & 30°C gia
nhiét khudn bang nudc & nhiét do 80°C trong
70 gidy, ta c6 két qua mo hinh mé phong nhu
hinh 4.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
I TAP CHI CO KHI VIET NAM, S6 322, thang 11 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

ket Outhet
. f o yd
- v

Hinh 3. Puong nude vao tam khudn
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Hinh 4. Két qua mé phong khuén & 30°C (trdi),
khuon gia nhiét 80°C trong 70 giay

DPé xem rd hon cac nhiét do tai cac vi
tri nhat dinh, cic nha nghién ctru dung phuong
phap polyline dé xuét ra dit liéu nhu hinh 5. Dé
so sanh véi thuc nghi€ém khi do nhiét do phan
b thuc té, cac tac gia dung di liéu polyline tao
thanh biéu d6 duong vién nhu hinh 6.
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Hinh 5. Xay dung két qua mé phong dui dang
polyline
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Hinh 6. Két qua duwdi dang biéu do dwong vién

4. KET LUAN

Két qua bai bao cho thiy do chinh xac
va d6 chat luong ciia mod phong nhiét do trong
khuon phun ép nhwa san pham dang 3D. Giap
cho viéc so sanh gitra dit liéu mé phong va dir
liéu thuc nghiém dé dang, danh gia duoc do tin
cay ctia mo phong. Phan tich sy phan bd nhiét
d6 trong khudn phun ép va cac vung khac nhau
ciia san pham dang 3D. Xac dinh cac diém
néng hodc ving co nhiét do khong dong déu
gdy anh huong dén chat luong san pham. Moi
lién h¢ gitra phan bd nhiét do va cac khuyét tat
¢6 kha nang xuét hién trong san pham nhya nhu
co ngot, cong vénh, hodc bi bong bong khi. bé
xuit cac phuong phép cai thién qué trinh phun
¢p nhua nham dat duoc phan bd nhiét do d@)ng
déu. Goi y diéu chinh cac thong s6 ki thuat nhu
ap suat, toc o phun, va thoi gian lam lanh dé
t6i wu hoa quy trinh.

M0d phong gitip xac dinh cac vung trong
khuén c6 nhiét d6 qua cao (diém noéng), tir
d6 c6 thé diéu chinh thiét ké khuén hodc diéu
chinh quy trinh 1am mat dé giam nguy co cong
vénh, co ngét hodc cac khuyét tat khac trong
san pham. Két qua mo phong cung cap dir liéu
cu thé dé toi wu hoa thiét ké khuon, dam bao
phan bd nhiét d6 dong déu hon trong sudt qué
trinh phun ép, tir 46 cai thién chat luong san
pham.

(*) Dong gop cua tac gia:

- Hinh thanh ¥ tuéng va muc tiéu nghién
cuu: Lé Ba Tan;

- Thyc hién nghién ctru, thu thap dix
li¢u, phan tich dir li¢u, viét va chinh sua bai

béo: Tran Chi Bao*, Nguyén Viét Tudn Anh,
Truong Van Thanh.
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