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TOM TAT
Hién nay, trén thé gidi va trong nwéc di c6 nhiéu cong trinh nghién ciru toi wu hoa nhiét @o
khuén. Tuy nhién, viéc phdn tich gia nhiét va lam ngudi bang nuéce trong khuén ép nhwachuwa
dwoc thue hién nhiéu trén cdc san phcfm thuc té. Két qua dat dwoc cua bai bao la hoan thanh
viéc mé phong truyén nhiét trong khuén ép nhua sir dung hé thong nwée dé gia nhiét va lam
ngudi Iong khuén. Phiong phdp gia nhiét biang nirdc néng ¢ thé nang nhiét do khuén tir 30 0C
dén 63.50C trong 20s, sau do, khuén dwoc giai nhiét dén 350C trong thoi gian 20s tiép theo.
Sau dé tién hanh ddanh gia sai $6 va cdch han ché sai s6 khi thuc hién mé phong; phan tich
truyén nhiét trong khuén mot sé san pham khdc nhau.
Tir khéa: khuon nhia ép phun, hé thong lam mat bang nwde, sw truyén nhiét..

ABSTRACT

Currently, there are many research results to optimize the mold temperature. However, the
analysis of heating and cooling by water injection molding is not yet enough for reference. The
outcomes of this paper include a complete analysis of heat transfer in plastic injection molds
using water for heating and cooling. This method is able to increase the mold temperature from
30 0C to 63.50C in 20s for the heating step and decrease the mold temperature to 350C in the
next 20s for the cooling step. Also, the errors when performing simulation are examined. Fi-
nally, the analysis of heat transfer in mold for different products is performed.

Keywords: plastic injection molding, water cooling system, heat transfer.

1. GIOI THIEU

Nghién ctu vé nhiét do6 khudn tap
trung vao nhiét d§ nhya nong chay (melt
temperature) va nhi¢t do khuoén (mold
temperature). Trong do6, nhi¢t d§ nhya
noéng chay thuong dugc nha sin xuét qui
dinh nén 1a thong sb rat kho thay déi [1].
Thay vao d6, nhiét d6 khuén la yéu té
anh huong dén:do co rat va tng suit du
ctua san pham [2], dong chay nhya khi
dién vao long khuodn [3,4] va qua trinh
giai nhiét cho san pham [5-7].

Trong qua trinh xdc dinh c4c thong sé phun
ép, gia tri nhiét do khuon thuong dugc nha
san xudt vat liéu nhya qui dinh trong khoang
nhiét do cho phép. Tuy nhién, khac vdi nhiét
do nhya nong chay, nhiét d§ khudén cé thé
dugc phan thanh hai thoi diém khac nhau:
nhiét d§ khudn khi nhua chay vao long khuon
(Filling step) va nhiét do khuon sau khi nhya
da dién day long khuén (full fill). Néu trong
qua trinh nhya dién dﬁy long khudn, nhiét do
khudn cang cao (nhung phai thap hon nhiét
do nhuya — melt temperature) thi qua trinh
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dién diy long khudn cang d&, va nhiéu loi ich
khéac ¢6 thé dat duge nhu: ung suat du trén
san pham thap, d6 chinh xac vé kich thudc va
hinh dang cang cao [8]. Néu trong qua trinh
sau khi nhya da dién day long khuon, nhiét do
khuon cang thap, qué trinh giai nhiét cho san
phém s€ cang thuan lgi hon, va két qua la do
cong vénh ciia san pham s& giam dang ké [8].

Tuy nhién viéc phan tich gia nhiét va lam
ngudi biang nudc trong khudén ép phun chua
duoc thue hién nhiéu trén céc san phérn khac
nhau.
2. THIET KE CHE TAO BQ KHUON

THUC NGHIEM
2.1 Thiét ké va mo phéng tim khuon

Thiét ké tdm khuon véi dudng nude kiéu
baffle nhu hinh 1. Tién hanh phén tich mé
phong duong nudc vao khudn theo hinh 2.
Két qua moé phong nhiét 6 duong nude duge
thé hién ¢ hinh 3. Va két qua nhiét do bé mat
khuon trinh bay trong hinh 4.

Hinh 1: Mgt cat tam khuon véi dwong nude.

Hinh 2: Puong nieoc vao khuon.
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Temperature
Contour 1

l 6.989e+001
6.861e+001
6.733e+001

6.605e+001
6.477e+001

6.34%e+001
m 6.221e+001
- [ 6.083e+001
5.965e+001
I 5.837e+001
5.709e+001

[C]

Hinh 3: Két qua mé phong nhiét do dwong

Temperature
Contour 1

6.486e+001
6.3842+001
6.281e+001
6.179e+001
6.076e+001
5.974e+001
5.871e+001
5.769e+001
5.666e+001
5.564e+001

5.461e+001
[C]

Hinh 4: Két qua mé phéng nhiét do bé mdt
tam khuon.

Phan tich kiu Streamline nhu hinh 5 thé
hién két qua dudi dang cac dong chay trong
hé théng lam ngudi, nhiét do cua dong nudc,
dong chay rdi trong hé théng,

Phan tich kiéu Plane nhu hinh 6 thé hién
ché d6 xem két qua theo tirng mit cit trén vat
thé. Cu thé hon, xem nhiét d6 & cac viung khéc
nhau trén timg mat cit.

Temperature
Streamline 1

7.211e+001
6.160e+001
5.110e+001

4.059e+001

3.008e+001
€]

Hinh 5: Két qua mé phong theo kiéu Stream-
line khuon thi nghiém.
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Temperature
Plane 1
7.013e+001
6.642e+001
6.271e+001
5.900e+001

5.529e+001
[C]

Hinh 6: Két qua mé phong theo kiéu Plane
khuon thi nghiém.
2.2 Ché tao khuén thwe nghiém
Thiét ké khudn theo ban vé thé hién & hinh
7. Tam khudn dugc gia cong thuc té nhu hinh 8.
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Hinh 7: Thiét ké khuon.

Hinh 8: Téim khudn gia céng thc té.

Mo phong nhidt do gitra 2 diém trén bé
mat khudn P1 va P2 theo hinh 9. Tién hanh
do dac nhiét d6 thuc té dé c6 biéu dd nhiét do
gitta thuc nghi€ém va mé phong nhu hinh 10.
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P2(77.14)

P1(64.47)
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Hinh 9: M6 phong nhiét d¢ giiva 2 diém trén

bé mdat khuén.

704

65 -

“] /

50+

45

Nhiét Do (°C)

Thoi Gian (s)

Hinh 10: Biéu dé nhiét dé gitra thuc nghiém
va mo phong.
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Hinh 11: Ban vé khuon.
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Két qua nay ciing cho thdy, két qua thi
nghiém va mé phong tai diém P2 chénh léch
khong dang ké trong qué trinh gia nhiét. Tuy
nhién, két qua mo phong va thi nghiém tai
diém P1 ¢6 sy chénh léch kha 16n. Sai léch
nay do dac tinh vat li¢u khuon trong qué trinh
thi nghiém khong hoan toan chinh x4c nhu thi
nghiém. Do d6, két qua mé phong c6 sai léch
so voi thuc té. Sai léch nay xuét hién rd hon
tai diém P1 vi tai vi tri nay, chiéu day khuén
(khoang cach tir vi tri do dén mat tiép xtc véi
nude) kha 16n, do do, anh huong cua sai I¢ch
vt liéu s& rd hon truong hop tai diém P2.

Bén canh d6, su khdc biét vé nhiét do tai
diém P1 va P2 ciing xudt hién kha rd trong
Hinh 10. Véi diém P2, téc d6 gia nhiét va
giai nhi¢t nhanh hon diém P1. Su khac biét
nay c6 thé dugc giai thich dua trén chidu day
khudn tai hai diém nay. V§i diém P2, chiéu
day khuon 1a 5 mm, tuy nhién, tai diém P1,
chiéu day khuén 1a 7.5 mm nhu hinh 11. Do
do, trong ca qua trinh gia nhi¢t va giai nhiét,
nhiét d6 tai diém P2 s& thay doi nhanh hon
diém P1.

Vi cac kha nang mo6 phong nhu mdé hinh
trén, bai bao dé xudt phrong 4n mod phong gia
nhiét va lam ngudi bang ANSYS véi cac san
pham khac. Tir d6,tién hanh phan tich truyén
nhiét trong khuon mot sé san pham khac nhau.
3. PHAN TIiCH GIA NHIET VA LAM

NGUQI BANG NUOC TRONG

KHUON EP PHUN MOT SO SAN

PHAM KHAC NHAU
3.1 San pham 1

Dung cu vat nue cam dugc thé hién nhu
hinh 12 véi két qua mé phong Contour nhur
hinh 13 va Streamline nhu hinh 14.
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Hinh 12: Sian pham dung cu vit nuéc cam.

Temperature

Contour 1
6.158e+001
5.961e+001
5. 764e+001
5.566e+001
5.369e+001
5.171e+001
4.974e+001
4.777e+001
4.5792+001
4.382e+001
4.184e+001
3.987e+001
3.790e+001
3.592e+001
3.395e+001
3.197e+001
3.000e+001

[C]

Hinh 13: Ket qua mo phong voi kiéu xem
Contour dung cu vat nuwoc cam.

Temperature
Streamline 1

. 3.143e+001

3.107e+001

T 3.071e+001

3.035e+001

I 2.999e+001

[C]

Hinh 14: Két qua mé phéng véi kiéu xem
Streamline dung cu vdt nwedc cam.
3.2 San pham 2
Hinh hdp cao duogc thé hién nhu hinh 15
v6i két qua mé phong Contour nhu hinh 16 va

Streamline nhu hinh 17.
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Hinh 15: San phdm hdp cao

Temperature
Contour 1

7.038e+001
'+ 6.824e+001

6.610e+001
6.396e+001
6.182e+001
5.968e+001
5.754e+001
| 5 54084001
| 5.326e+001
| 5 112e+001
| 4.898e+001
| 4.684e+001
| 4 470e+001
| 4.256€+001
4 042e+001
3.828e+001
3.614e+001

[C]

Hinh 16: Két qua mé phong véi kiéu Con-
tour san pham dang hép cao

Temperature
Streamline 1

4.060e+001
3.795e+001
3.521e+001
3.266e+001

3.002e+001

[C]

Hinh 17: Két qua mé phong voi kiéu
Streamline san pham dang hdp cao
3.3 San pham 3
Phich cdm dién duoc thé hién nhu hinh 18
v6i két qua md phong Contour nhu hinh 19 va
Streamline nhu hinh 20.

Hinh 18: San pham phich cim dién

Temperature
Contour 1

7.200e+001
| 6.984e+001

6.769e+001
6.553e+001
6.337e+001
6.121e+001
5.905e+001
| 5.690e+001
5.474e+001
5 258e+001
5 042e+001
4.8266+001
| 4.611e+001
| 4.395¢+001
4.179e+001
3.963e+001
3.747e+001

[C]

Hinh 19: Két qua mé phong véi kiéu Con-
tour san phdm phich cam dién

Temperature
Streamiine 1

8.001e+001
7.916e+001
7.832e+001
7.748e+001

7.664e+001

€]

Hinh 20: Két qua mé phong véi kiéu
Streamline san pham phich cam dién

3.4 San pham 4

Dung cu loc long do6 tring dugc thé hién
nhu hinh 21 véi két qua mo6 phong Contour
nhu hinh 22, Streamline hinh 23 va Plane nhu
hinh 24.
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Hinh 21: San pham loc long dé trieng khuén
c6 nhiéu long khuén.

Temperature
Contour 1

3.976e+001
~F 3.915e+001
3.854e+001
3.793e+001
3.732e+001
3.671e+001
3.610e+001
3.549e+001
'+ 3.488e+001
3.427e+001
3.366e+001
3.305e+001
3.244e+001
| 3.184e+001
3.123e+001
3.062e+001
3.001e+001

IC]

Hinh 22: Két qua mé phong véi kiéu xem
Contour san pham loc long do trimg.

Temperature
Streamline 2

. 2.908e+001

2.856e+001

[ 2.804e+001

[C]

2.752e+001

2.700e+001

Hinh 23: Két qua mé phong véi kiéu xem
Streamline san pham loc long do tritng.
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Temperature
Flane 1

3.880e+001

3.706e+001

3.531e+001 t

3.357e+001

3.182e+001
<]

Hinh 24: Két qua mé phéng véi kiéu xem
Plane san pham loc long do trimg.
4. KET LUAN

Bai bédo dd hoan thanh bai m6 phong truyén
nhiét trong khuén ép nhya sir dung hé thong
nuéc dé gia nhiét va lam ngudi long khuon;
danh gid xu hudng va su bién dbi nhiét do
trong khuén; dénh gid sai s6 va cach han
ché sai s6 khi thyc hién m6 phong; phan tich
truyén nhiét trong khudén mot sd san pham
khac nhau. V&i mé hinh tim khuén duong,
phuong phép gia nhiét bang nudc néng co thé
nang nhiét do khuon tir 30°C dén 63.5°C trong
20 s, sau d6, khudn duoc giai nhiét dén 35°C
trong thoi gian 20 s.

Véi md hinh nay, phuong phap md phong
va thuc nghiém cho két qua kha chinh xac véi
nhiét do tai diém P2. Tuy nhién, véi nhiét d6
tai diém P1, sai léch gitta két qua md phong
va thuc nghiém van con khd 1én. Vi vay, trong
céc nghién ciru tiép theo, cic phuong 4n nhim
nang cao dg chinh xac cua phuong phap mo
phong can duoc tiép tuc nghién ctru.

Ngoai ra, phuong phiap md phdng cling
dugc su dung cho 4 tam khuon thuc véi cac
loai san pham khac nhau nham quan sit phan
bd nhiét do cua cac tim khudn nay.
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