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TOM TAT 

Trong bdi bdo ndy qud trinh gia vd gidi nhilt cho tdm khudn dUang cda quy trinh phun ep 
nhUa dd audc nghien ciiu vdi ba loai vat lieu khudn Id thep C45, dong C3602 vd nhdm A6061. Vdi 
khuon dUdng, he thdng dUdng ntldc dtingxodn 6c se dMc sit dung nhim gia nhiet vdi nUdc ndng SO'C 
vd giai nhilt vdi nude SffC thdi gian mdi budc gia vd gidi nhiet la 20s. Qud trinh thi nghiem vd md 
phong se lam rd cdc Uu vd nhUdc dilm cua hi thdng Unh ddn dqngxodn dc vdi cdc loai vdt lieu khudn 
khdc nhau. Kit qua md phdng vd thi nghilm cho thdy vdi dang kenh din xoan 6c trong khudn dUdng 
phdn bo nhiet ttd khuon se ddng deu hdn so vdi cdc dang Unh din trUdc day 

Tfl khoa: Khudn phun ep nhiia, nhilt do khudn, kinh ddn xoan 6c, ph ldn b6 nhiet do. 

ABSTRACT 

In this paper, the heating and cooling step for the core plate in injection molding process was 
studied under three types of mold material as steel C4S, copper C3602 abd aluminum A6061. With the 
core plate, the helicd channel was applied for the heating step with the 80 'C water, and then, the cooUngstep 
will he continuous with the water of30'Q the time for each step is 20 s. The simulation and experiment 
will make clear the advantages and dls advantages of helical chanel with different material of core plate. 
The result shows that the temperature distribution is more uniform than the other types of channel. 

Keywords: Injectionmolding mold temperature, helical channel, temperature distribution. • 
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1. GlOl THlEU CHUNG 

Nganh San xuat san phSm nhUa la mdt 
trpng nhiing nganh cdng nghiep dang phft trien 
nhanh nhft tai Viet Nam, tdc dd tang trUdng 
trung binh trpng 10 nam trd lai diy la 15 - 20%. 
Nam 2010, ca nUdc cd 1,200 cdng ty nhUa, din 
nay da tang lin khoang 2,200 cdng ty. Thi trudng 
xuft khSu chinh hiln nay la Nhat, My va mdt sd 
nUdc chau Au. Nam 2014, kim ngach xuft khau 
Ngimh dat 3 ty USD, tang binh quan hon 29%/ 
nam kl tU 2009, nganh NhUa se ddng trUde cP 
hdi rft ldn dl phft trien hoat ddng xuat khau. 
Hiln nay, co can cac sfti pham nhUa tai Viet 
Nam trai rdng theo cac linh vUc nhU: San pham 
ddng gdi, dd gia dung, vft lieu xay dung, thilt 
hi dien va dien tU, linh kiln xe may, d td va cac 
linh kiln phuc vu cho ngimh Vien thdng va Giao 
thdng vfti tai,...Trong dd, nhUa ky thuat chilm 
khoftig 20% [1] va dang cd xu thi ngay cimg gia 
tang do lpi nhuan ldn va tieu tdn nguyen vat lieu 
it. Tuy nhiln, vdi dang sfti phftn nay, yeu cau ve 
chft lupng san phftn dang la mdt trong nhflng 
khd khfti cho cic cO sd san xuft. Cac yen cau 
pho bien ve chft lupng sin phftn nhU: Dp chmh 
xac ve kich thUdc, hinh dang hinh hpc, vft lieu 
nhUa, thdi gian chi tap san pham,... 

Trong nhdm cac phuong phap chi tao 
san phftn nhUa ky thuit, phUPng phap phun 
epdang la mdt trong nhiing lUa chpn dau tiln 
hiln nay [2]. Cdng nghe phun ep la qua trinh 
phun nhUa ndng chiy dien day ldng khudn. Khi 
nhUa dupe gift nhilt vi ddng cUng 1ft trpng ldng 
khudn, khudn md ra va sin phftn dupe day ra 
khdi khudn nhd he thdng day Trong qua trinh 
ep phun khdng cd bft ky phan Ung hda hpc nap. 
Trpng cdng nghe gia cdng sin pham nhUa bang 
phuong phip ep phun, nhiet dp bl mat ldng 
khudn la mot trong nhiing thdng sd quan trpng, 
cd anh hUdng trUc tilp din chft lUpng san pham 
nhUa [3-5]. Theo cac nghien cdu trln thi gidi 
ve linh vUc dilu khien nhilt dd cho khudn ep 

phun, nlu ep phun vdi nhiet dp bl mat khudn 
cap, chft lupng san phSm se dupe nang cao, tuy 
nhiln, thdi gian lam ngudi, cung nhu thdi gian 
gia cdng sin phftn se tang dftig kl [5, 6]. NgUac 
lai, nlu giim nhiet dd bl mat khudn trong qui 
trinh ep phun, thdi gian lam ngudi cd thi dupe 
rut ngan, nhUng chft lupng bl mft se giam hpjc 
cac khuylt tit cUa sfti pham ep phun se xuat hiln 
nhilu hpn [7]. Do dd, viec rut ngin thdi gian chu 
ky ep phun nhung vfti dam bio chft lUdng san 
pham la van de dUpc dat ra cho cac nghien cUu 
ve khudn ep phun ndi chung vi qua trmh dieu 
khien nhiet dd cho khudn ndi rilng. 

Hien nay, nhftn rut ngfti thdi gian giii 
nhilt cho khudn, cac cdng ty thUdng sit dvmg 
cic he thdng kinh din dang xoan dc nham tang 
hilu qua cua qua trinh trao doi nhiet. He thdng 
dang niy phd hpp vdi ldi khudn duong hinh tru 
dudng kinh ldn hon 50 mm [8, 9], he thdng gift 
nhiet xpfa dc se cung cip ddng diu va gift nhiet 
hilu qui hPn cho phep kiem soft tdt nhilt dp. 
Ngoft ra, he thdng nay cd the dupe thilt kl theo 
dung hmh dang cua ldi khudn [10]. HI thdng 
xoan dc thudng dupe thilt ke dang cdn theo loi 
cua khudn dl gift nhiet tdt hilu qua hon. 

Trong qua trinh ep phun vit lieu che 
tao khudn ftih hudng rft ldn den qua trinh gia 
nhilt, gift nhiet cua khudn [7-10]. Cu thi, ba 
thdng sd khdi iupng rieng, nhilt dung rilng va 
he sd din nhilt se ddng thdi tac ddng den qua 
trinh truyln nhiet cda khudn. Die biet, trong ba 
thdng sd trln hi sd truyln nhilt anh hUdng ro 
nhft din qua trinh truyln nhilt cua khudn [5,6]. 
Thdng thudng, hi sd truyln nhilt cftig cao, qua 
trinh truyen nhilt cua vat lilu cftig tdt [8]. 

Trong bft bio nay, nhftn kiem nghiem 
anh hudng cua vft lieu Iftn khudn den khi nang 
dilu khiln nhilt dp ldng khudn, cung nhU kha 
ning du doin trUdc nhilt dp ldng khudn, m6 
hinh nghiin ciJu khudn dUOng (hinh 1) vdi hS 
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thdng kenh dan dang xoan 6c nhii hinh 2 se 
dildc thiet ke, mo phong va che tao v6i vat lieu 
khuon: Thep C45, D6ng C3602 va Nh6mA6061. 
Trong qua t rmh mo phong va thi nghiem, nhiet 
do tai diem PB va PT se dUdc thu thap va so sanh 
phan tich. 

Hinh 1: Mo hinh thi nghiem 

2. PHtfOiNG PHAP MO PHONG 

chia theo dang "inflation" nhil hinh 3. 
- Bii6c 3: Thiet lap cac thong so cua qua 

trinh mo phong bao gom: Cac rang buoc va cac 
thong so phan tich - mo phong. Sau khi da ti^n 
hanh chia Ixidi cac phan tii can khao sat, tien 
hanh thiet lap cac thong so thuoc tinh ciia cac 
doi tilcfng, cac rang bupc va cac th6ng s6 phan 
tich - mo phong. 

- Budc 4: Tien h inh chay mo phong, 

phdn tich mo hinh. 

- Budc 5: Phan tich ket qua mo phdng: 
Sau khi phan tich, phan mem se dUa ra ket qua 
mo phong sU bien thien nhiet dp tren be mat cua 
long khuon khi ta tien hanh sU dung he th6ng 
gia nhiet de gia nhiet cho long khuon trUdc khi 
tien hanh qua trinh ep tao san pham. 

Trong bai bao nay, phUdng phap giai 
nhiet bang xung dpng dong chay vdi kenh dan 
dang xoan dc se dtipc mo phong bang module 
CFX trong phan mem ANSYS Workbench. Qua 
trinh mo phong nay dUpc thUc hien thong qua 5 
budc chinh nhU sau: 

- Budc 1: Xay dUng mo hinh hinh hpc 
(hmh 2), trong giao dien DesignModeler: NgUdi 
dung CO the thiet ke mo hinh hinh hpc cua bai 
toan bang hai moi trUdng xay dUng la Sketching 
va Modeling. Ben canh do, phan mem cung cho 
phep nhap cac mo hmh hinh hpc tU cac phan 
mem CAD tuy nhien, file nhap phai co dinh 
dang phu hpp. 

- Budc 2: Chia lUdi phan tit: Sau khi xay 
dung mo hinh hinh hoc cho bai toan, ti^n hanh 
chia ludi phan tU cho mo hinh vUa tao ra de 
phan m^m co thi phan tich tren tUng phan tU 
va dUa ra k^t qua chinh xac nhat cho bai toan. 
Vi$c chia lUdi cang min thi bai toan phan tich 
cang chinh xac. Vdi bai toan tren, lien ket gifia 
cac phan tU d dang "contact region"va lUdi dUpc 

Hmh 2: Kidi thiidc khuon vd vi tri hai diem do PTvd PB 

H i 

Hinh 3: Phdn bd nhiet do tai mat cdt tai cuoi qud 
trinh gia vd gidi nhiet vdi khudn thep C45 
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n 
Hmh 4: Phdn bd nhiet do tai mat cdt tai cuoi 

qudtrinh gia vd gidi nhiet vdi khudn ddng C3602 

gift nhiet se dupe bft dau vdi thdi gian giii nhift 
20 s va nhilt do nUdc gift nhilt la 30°C. Saulda 
tien hanh md phdng tr ln phan mim Ansys CFX 
md hmh khudn duong vdi h i thdng kinh dfc 
xpfti dc, phan bd nhilt dp tai mat eft d thdi diem 
cuoi qua trinh gia nhiet va cudi qui trmh giii 
nhilt dupe the hiln nhu hinh 3, 4, va 5 Ung vdi 
vft heu lam khudn la thip C45, ddng C3620 va 
nhdm A6061. Nham dinh gia dp chinh xic cia 
qua trinh md phdng, cic md hinh khudn Ung 
vdi 3 dang nhilt dp nay dUpe tiln hanh chi tjo 
va thuc nghilm vdi cic thdng so gidng nhu mo 
phdng. Sau dd, nhi | t dp tai dilm PT va PB (hinh 
2) dupe tiln h inh thi thap va sp sanh vdi kit qui 
md phdng. Cac kit qua ve thi nghilm dupe trinh 
bay nhu hinh 7. Cac kit qui nay chp thay: 

Hmh 5: Phdn bd nhiit dd tai mat cdt tai cudi 
qudtrinh gia nhit, vdi khudn nhdm A6061 

3. PHAN TlCH KET QUA 

Trong bft bao nay, md hinh khudn 
dUdng nhu hinh 2 se dUOc tien hanh phan tich 
vdi thdi gian mpt chu ky gia gift nhiet la 40s. Md 
hinh kenh dan dang xpan dc vdi 4 vdng xoan. 
Trong qua trinh gia nhiet cho khudn tU nhilt 
dp phdng 31°C, nudc ndng 80°C se dUpc bom 
vao ldng khuon vdi thdi gian 20 s thdng qua he 
thdng k inh dan dang xoan dc. Sau dd, qua trinh 

, . ; ; . : ; : • " • = • » 

. . . " " • • 

(a) Khudn thip C45 

(b) Khuon Nhdm A6061 

lllii''" 

(c) Khudn ddng C3602 
Htnh 6: Thay doi nhiit do khudn tai dilm PTvAPB 

vdi cdc loai vat lieu khudn khdc nhau 
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Quy luat p h ^ bo nhiet do cua khuon 

duong vat lieu thep giUa mo phong va thUc 

nghiem tuong kha gidng nhau. 

CJ budc nhap thong so dau vao cho phan 

mem mo phdng, 20 giay dau tien hanh gia nhiet 

vdi nhiet dp nUdc gia nhiet 80°C, 20 gidy sau 

tien hanh giai nhiet vdi nhiet do nUdc giai nhiet 

30°C. NhUng khi xuat ra dU lieu mo phong ciing 

nhu ket qua thi nghiem cho thay qua trinh gia 

nhiet cho khuon vat lieu thep diln ra trong 22 

giay dau, qua trinh giai nhiet dien ra trong 18 

giay cudi. Dieu nay, co nghia sau khi ket thuc 20 

giay nUdc nong gia nhiet, nUdc lanh giai nhiet 

chay vao khudn nhUng nhiet dp khuon van tiep 

tuc tang len trong 2 giay tiep theo sau do mdi 

giam xuong dan dan. 

Toe do gia nhiet va giai nhiet tai, nhiet dp 

cao nhat diem PT cao hon d tai diem PB. 

Tdc dp gia nhiet dien ra cham trong thdi 

gian dai, toe dp gia nhiet dien ra nhanh trong 

thdi gian ngan. 

Ben canh nhUng dat diem gidng nhau, 

giiJa mo phdng va thUc nghiem ciing ton tai 

nhUng dat diem khac nhau nhU: 

Tai diem PB mo phong nhiet dp dau chu 

trinh gia nhiet 32°C, nhiet dp cao nhat cua chu 

t rmh d giay 21 la 47.78°C, nhiet dp tai cudi chu 

trinh 37.49°C. 

Tai diem PT md phdng nhiet dp dau chu 

trinh gia nhiet 32''C, nhiet dp cao nhat ciia chu 

trinh d giay 22 la 49.24°C, nhiet dp tai cudi chu 

trinh 37.78°C. 

Tai diem PB thUc nghiem nhiet do dau 

chu trinh gia nhiet 31.6°C, nhiet dp cao nhgt cua 

chu trinh d giay 22 la 42.8°C, nhiet dd tai cuoi 

chu trinh 36°C. 

Tai diem PT thUc nghiem nhiet do dau 

chu trinh gia nhiet 30.8''C nhiet do cao nhat cua 

chu trinh d giay 22 la 44°C nhiet dp tai cuoi chu 

trinh 33°C. 

Qua bieu do the hien phan bo nhiet dp 

cua khudn dUPng tai hai diem PB va PT giUa ly 

thuyet va thUc nghiem theo thdi gian cho thay 

dupe trong ca chu trinh gia nhiet va giai nhiet 

cua khuon dUPng vat lieu thep C45, xay ra sU 

chenh lech nhiet do khoang tU 0.4''C - 5°C. 

4. KET L U A N 

Qua qua trinh thi nghiem va mo phdng, 

bai bao cho thay sU phan bd nhiet dp trong 

khuon dUPng vdi 3 loai vat lieu khac nhau la 

nhdm A6061, ddng thau C3602, thep C45. Phan 

tich dupe nhUng Uu diem va khuyet diem cua 

kenh dan nhiet bang xoan 6c, phan tich dupe 

tinh dan nhiet cua tUng loai vat lieu khac nhau. 

Kiem tra doi chdng dUpc sU gidng va khae nhau 

giUa md phong va thUc nghiem.TU dieu kien 

bai toan ban dau, nhiet dp nUdc ndng (80''C) 

gia nhiet trong 20 giay dau, nUdc nguoi {30°C) 

giai nhiet trong 20 giay sau, tac gia da tien hanh 

md phdng va phan tich anh hUPng cua vat lieu 

khuon den phan bd nhiet cua khudn dUdng. Ket 

qua dat dUpe cho thay dUpc vdi dang kenh dan 

xoan 6c trong khuon dUdng, se cho sU phan bd 

nhiet ddng deu hon so vdi cac dang kenh dan 

thang trong cac nghien cdu trUdc day. • 
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