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TOM TAT: Bai bdo trinh bay phuong phdp thiét k& CAD/CAE xdc dinh sy phdn bd hop 1y
cho hé théng gidi nhiét (HTGN) khudn ép phun nhua. Phuong phdp dé nghi : (i) 5 Nguyén tdc
xdc ldgp HTGN - Chon phuong thic gidi nhiét, Xdc dinh duong kinh kénh gidi nhigt, Xdc dinh mdt
d¢ kénh gidi nhi¢t, B6 tri HTGN, Chon ché b gidi nhigt; (i) Sit dung cdc chitc ndng phdn tich
Fill+Cool+Flow+Warp ciia phdn mém Moldflow dé phan tich qud trinh gidi nhigt (cool); (iii)
Phan tich CAE ddnh gid gidi phdp gidi nhiét theo chi tiéu thoi gian gidi nhigt, chénh I¢ch nhiét
d¢ va bién dang sdn phdm. N§i dung bai bdo déng thoi trinh bay két qud trién khai cho khudn ép

" phun sdn phdm vé binh nudc néng lam bang nhya ABS theo ddt hang nghién citu clia Cong ty
TNHH Co Khi Phii Vinh.

1. GIGITHIEU

Thyc t€ cho thiy chon dudc gidi phdp gidi nhiét hgp ly ddm bdo ddng thdi chdt lugng sin
ph&m, chu ky ép phun, gid thanh ché tao 12 cong viéc vd ciing phic tap. Ngay ca khi véi su hd trg clia
cong cu phan tich CAE, viéc phan tich ciing chi€ém thdi gian khd 16n va phdi 1ap lai qud trinh phén
tich nhidu 1dn néu gidi phap thiét k& chua hop 1y. Do dd dé viéc sit dung cong cu phan tich CAE thyc
su higu qud vé chdt lugng va cd thoi gian thiét k€, nghién citu xdy dung phuong phdp xdc dinh sy phan
b6 hop Iy cho HTGN, trong dé xdc dinh dugc nguyén tdc xdc 1gp HTGN; va chi tiéu thiét k& hgp 1y,
ddm bdo déng thoi yéu cdu kinh té - k§ thudt 1a hét sitc cdn thiét.

Bai bdo trinh bay k&t qud nghién ctu xiy dung phuong phip thiét k& CAD/CAE xdc dinh sy
phiin b6 hgp 1y cho HTGN khudn ép phun nhya bao gdm : (i) Nguyén tdc xdc lap HTGN; (ii) Chi tiéu
phan tich CAE ddnh gid gidi phdp gidi nhiét; (iii) Qui trinh thiét k& HTGN theo cong nghé CAD/CAE ;
va (iv) K&t qud trién khai cho khudn ép phun sdn phdm v binh nudc néng lam bdng nhya ABS theo
ddt hang nghién citu ciia Cong ty TNHH Co Khi Phii Vinh.

2. NGUYEN TAC XAC LAP HTGN

G Ty

(7" ) , ,
1 ’ ~‘.-‘J Phan bé nhiét trén San pham
\ ) sau dién day
: : ¥
- K&t cau Tam khuodn
- Khéng glan h6 triHTGN oy ) GN1 )
-San pham : hinh hec, phdn bé nhigt. Chon phuong thuc gial nhigt
dung sai kich thudc ‘}
- Khéng gian bé tri HTGN ) ' GN2
-D=10-14 {mm) X4c dinh duang kinh kénh giai nhigt
- Knéng gian ba tri HTGN GN3
- Mat 4 kénh gidi nhigt : iy : .
B =(25-3.5D: A=(0.8-15)B Xdc dinh mat d§ kénh gial nhigt
- Phudng thuc gidi nhigt - *
- Pusng kinh. mat 4 kénh gidi nhigl - GNa
- San pham ; hinh hoc, phin bd nhigt, i B& tri HTGN
dung sai kich thuge T
. BE day Sén pham a _.GN‘S ) X
- Nhiét d¢ mi& khuén Chon ché do giai nhiét

Hinh 1 : 5 Nguyén tdc xdc 1ap HTGN [1]
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B6i véi khudn ép phun nhya, viéc thigt k&€ HTGN dude ti€n hanh sau giai doan bd tri khoang
tao hinh va hé thdng cip nhua, do dé viéc xdc lip HTGN phu thudc vao két ciu cac tAm khudn, he
thong kénh din nhya da dudc xdc 1dp. Cin cif yéu cdu gidi nhiét (chu ky ép phun; phdn b& nhiét trén
sdn phdm sau dién ddy; yéu cdu dung sai kich tLudc ciia sdn phim) va didu kién k&t c&u khubn -
khdng gian bd tri HTGN, viéc xdc 1ap HTGN dugc dé nghi ti€n hanh theo hé théng 5 nguyén tic nhuy
sau (hinh 1) [1]:

- Nguyén tic 1 — GN1 : Chon phuong thiic gidi nhiét

- Nguyén tic 2 — GN2 : Xdc dinh dudng kinh kénh gidi nhiét
- Nguyén tdc 3 — GN3 : Xdc dinh mat d6 kénh gidi nhiét

- Nguyén tdc 4 —- GN4 : B tri HTGN

- Nguyén tdc 5 — GN5 : Chon ch€ d6 gidi nhiét

3. CHI TIEU PHAN TICH CAE PANH GIA GIAI PHAP GIAI NHIET

Theo [1], trén co s8 hé thdng héa va chon loc cdc théng s6 va ting xi¥ cd — nhiét dic trung cda
vatli¢u nhya trong giai doan gidi nhiét (cooling), k&t hgp véi cdc chi tiéu vé chu ky ép phun, dung sai
kich thudc sin phdm; chi tieu phdn tich CAE ddnh gid gidi phdp gidi nhiét dugc dé nghi bao gém 4
chi ti€u phan tich gidi nhiét (C1-C4) va 2 chi tiéu phan tich cong vénh (W1-W2) (bdng 1) [1].

Bdng 1 : Chi tiéu phdn tich CAE ddnh gid gidi phdp gidi nhiét [1]
TT Chi tiéu phin tich Xi¥ 1y thiet k&
C__ | CHI TIEU PHAN TiCH GIAI NHIET (Cooling)
C1 | Thoi gian gidi nhigt (time to | N€u thdi gian gidi nhiét chua ddp dng chu ky ép phun, cin thay

freeze) ddi thi€t k€ theo thi ty wu tién ;

- phii di d€ sdn phim di cing, - (1) diéu chinh ch€ dd gidi nhiét
khong bi bi€n dang dudi luc diy - (2)sita ddi thi€l k& kénh gidi nhiét
16i sdn phim - (3) ding cd cdu gidi nhiét dic biét

- phdi ddp Wng chu ky ép phun.
C2 | Phdn bé’ nhigt dj trung bink trén | - Sy chénh léch 16n vé& nhiét do gifta cdc ving trén sin phdm 1a
sdn phdm tdc nhin chinh gdy nén khuy€1 tit 16m co (sink marks), bong rdng
- chénh 1&ch 16n nhat giira nhiét d6 | (voids), cong vénh sin phim(warpage).

trung binh cdia sén phdm va nhiét | - NEu ving ty nhiét gdn cudng phun thi khong cin ting cudng
d6 khuén gidi nhiét, ngugc lai n€u xa cuéng phun thi cin gidi nhiét that 16t
+1°C mdi ddm bio dung sai kich thuéc va tranh dugc cdc khuyét tit do
tdc nhan nhiét.

- Phan bG nhigt 12 hgp 1y néu nhiét 6 tang din tir viing bién xa
nhat huéng vé cudng phun vi véi trang thdi phin b& nay, dp suat
ép dinh hinh s& truyén dugc trong vit liéu nhua theo huéng tir
cu6ng phun d€n bién sin phdm, vit liéu sin phim s& dugc nén
ép déu, do d6 ddm bio d6 ciing cho bé mit sin phim.

- N&u ving cudng phun déng dic trudc, qud trinh ép dinh hinh
khong ¢6 tdc dung do khéng truyén dugc 4p suit ép dinh hinh
dén cdc phan vit liéu sin phim, dic biét cic ving xa miéng
phun. Viing vit liéu thi€u 4p sudt ép dinh hinh s& bi co riit 16n, do
d6 khong ddm bdo d6 cing bé mat. Mit khdc, b& mit b co nit
I6n s& tdch khdi bé mit khuén (khong con tiép xiic vdi bé mit
khudn), nén hiéu qui din nhiét tif sdn phim sang vit liéu khudn
rat thap, din dén phai ting thdi gian gidi nhiét.
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C3 | Phdn bo nhigt dj trén kénh gidi
nhiét

chénh l&ch 16n nhit cla nhiét db
chdt gidi nhiét gitta dau vao va
diura:

+ § °C (ddi v6i sin phim khong
yéu ciu dung sai kich thudc);

3 °C (d6i v8i sdn ohim yéu cidu
kich thudc chinh xdc).

- Thé hién phin bd nhiét rén khudn tai ving bd tri kénh gidi
nhiét.

C4 | Phdan bd nhigt dp trén 2 mdt sdn
phdm

chénh 1&ch 16n nhit clia nhiét do
trén 2 mat sin phim:

+10°C

- N&u phin b8 nhiét déu, chitng 13 hé thdng gii nhiét va ch& do
gidi nhiét1a hgp ly.

- Néu phidn bd nhiét khong déu, cdn quan tAm viing nhiét cao va
fim nguyé&n nhén tich nhiét. Nguyén nhian c6 thé 1 hiéu qua gidi
nhiét kém, hoic do bé diy sin phim qué 16n, hoic ban thin la
ving c¢é nhiét do cao.

W CHI TIEU PHAN TIiCH CONG VENH (Warpage)

W1 | Phdn bd’co nit thé tich

(volumetric shrinkage distribution)

K&t qua phin b8 ty 1& % co rdt thé tich hd g
phdt hién vi tri hinh thanh 16m co wén sdn
pham.

- D€ gidm cong vénh sdn phidm, phin bd co rit
thé tich phai déu.

- C6 thé gidm d6 co rit thé tich biing cdch ting dp
suat va thdi gian ép dinh hinh sdn phdm.

W2 | Bién dang sdn phdm (deflection)

- Bi€n dang sin phdim sau giai doan gidi nhiét
1a bi€n dang (8ng hgp sau toan bd qué trinh ép
phun — khdc biét giita kich thudc khoang tao
hinh va kich thudc sin phim ngay sau khi thdo
khuén

N&u bién dang khong dat yéu ciu, cin xem xét:

+ Chénh léch nhiét dd giita 2 mat sdn phﬁfm, néu
gid tri chénh l&éch vugt qua 10 °C thi phdi b& tri lai
HTGN.

+ Tiang 4p sudt va thdi gian ép dinh hinh sdn phim.

4. QUI TRINH THIET KE HTGN THEO CONG NGHE CAD/CAE

CAE trg giup phan tich déng
chay (Flow) dé xac dinh phin
bé nhiét trén San pham sau
dién ddy

1. Xdc dinh phan bé nhiét trén San pham

sau dién day : Flow

Te "

Ngusi TK chon gisi phap gigi
nhiét theo Nguyén tac Giai s

2. Xac lap HTGN

nhigt GN1-GN&

v

CADICAE trg giup thiét 1ap HT
gldi nhiét va ch& d¢ giai nhigt ==
trén mo hinh phédn tich

3. Thiét lap HTGN, ché& dé giai nhiét

trén maé hinh phan tich

l

CAE trg gidp phédn tich toan bg
qua trinh ép phun dudi 4nh g
hudng cua HT giai nhigt

4, Thuc hién cdc chidc nang phan tich :

Fill+Cool+Flow+Warp

Ngudl TK ra quyét dinh chédp

nhan / diéu chinh. siia dai

HT gidi nhiét nhdm ddm bdo ==+
Chi tiéu phan tich gidi nhiét
C1-C4, Wi-w2

Thay déi
HT gidi nhiét

5. Panh gid gidi phap
giai nhiét
Dat

Khdng dat

Hinh 2 : Qui trinh thi&t k&€ HTGN theo cong nghé CAD/CAE [1]
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St dung chudi chifc ning phén tich ép phun dudi dnh hudng cia HTGN: Fill + Cool + Flow +
Warp ciia phdn mém Moldflow d€ phén tich qud trinh dién diy (fill)- nén dinh hinh (flow)- cong
vénh (warp) sin phim dudi dnh hudng ctia sy gidi nhiét (cool) tinh tir thdi di€ém nhwa dugc dién ddy
1ong khudn; déng thdi 4p dung Nguyén tdc xdc lgp HTGN (GN1-GN5) va Chi tiéu phdn tich CAE ddnh
gid gidi phdp gidi nhi¢t (C1-C4, W1-W2) néu trén, qui trinh thiét k& HTGN theo céng ngh¢
CAD/CAE dudc dé& nghi gdm 5 budc (hinh 2) [1]:

5.KET QUA TRIEN KHAI [1]

Phudng phép thiét k& dugc dp dung cho khudn ép phun sdn phim vé binh nudc néng 1am bing
nhua ABS. Piy 1a khuén sian phdm kich thudc 16n (kich thudc sdn phim : 746 x 362 x 197), yéu ciu
chu k¥ ép phun khodng 70 s, dung sai kich thudc : 0,2 %, dung sai 1dp ghép : + 0,05. K&t qua thi&t k&
dudc tém tdt nhu sau:

A.XAC PINH PHAN BO NHIET TREN SAN PHAM SAU PIEN DAY (FILLING)

Nguyén tic thi€t k& Gidi phdp thiét k€
- S dung chiic ning | - Theo phin bd nhiét trén sin phdm, vitng ¢é nhiét d cao la viing bién
phén tich Flow dé xac | quanh phdn mdt

Bulk temperature (end of filling)

. % 2w | e 2 GRet s =244 4C
dinh phin bd nhiét | lom bén trdi san o 2
trén sin phim sau | phdm va ving

dién diy. canh bién tict dign ~ Vingtu ! ; t
day, do d6 cin ting ;
cudng gidi nhiét
cho cdc viing nay.

- Vang gida sdn
phdm ¢6 nhigt dp
thdp nén bd tri
kénh gidi nhiét
thua hon so véi 2
ving ddu sdn
phdm. Hinh 3 : Phdn bé nhigt trén sdn phdm

Viing tiét
dién day 221.1 :

sau dién ddy

B.XAC LAP HE THONG GIAI NHIET

B.1 Chon phudng thifc gidi nhiét

- Trén tdm khudn cdi (cavity) : tim | - Gidi nhiét trén tim khuon cdi
cBi thudng c6 khéng gian bo tri 16n | : ding kénh gidi nhi¢t noi tiép
nén thudng ding phuong thic gidi

nhiét théng dung - dang kénh gidi Hinh 4 : Gidi phdp
nhiét. Uu tién ding kénh gidi nhiét kénh gidi nhi¢t noi tiép
ndi ti€p vi hiéu qua gidi nhiét cao hon. trén tdm khuén céi

- Trén tim khudn chay (core), khdi | - Gidi nhiét trén tim khuon chay :
chén (inserts) : khong gian b§ tri | ngdn.
HTGN thudng han ché, do dé thudng
st dung cdc cd cAu gidi nhiét dic biét | Hinh 5 : Gidi phdp
nhy vdch ngin, 6ng ngin, 6ng nhiét ding vdch ngdn
trén tdm khudn chay
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B.2 Xdc dinh dudng kinh kénh gidi nhiét

-Theo yéu ciu mic do va t&c dd gidi nhiét (thy thudc bé day sdn | - Kich thudc khuén 16n
pham); dé dim bio dd bén cho két cdu khudn va khi ning cong | (1100 x 800 x 773),
ngh€ (dung cu khoan), dudng kinh kénh gidi nhiét thudng duge chon khong gian b8 tri rong,

trong pham vi D = 110 - 414 mm. yéu cau gidi nhiét nhanh,
-D& ddm bdo gidi nhiét déu, nén chon kich thudc nhd, mat d6 day. gid thanh gia cong thédp,
-bé dé gia cong, chon kich thudc 16n. nén chon dudng kinh

kénh gidi nhigt D = 114

B.3 Xdc dinh mit d§ kénh gidi nhiét
- Khéng c6 nguyén tic chinh xdc d€ x4c dinh mat d6 b8 tri kénh gidi| D = @14, do d6 chon

nhiét. B=35-50
-D€ dim bdo gidi nhiét déu, vu tién b tri mit do day. B =35 - 50, do d6 chon
- D€ ddm bdo gidi nhiét nhanh, vu tién b6 tri gdn bé mit sin pham. A=28-175

- D€ ddm bdo d6 bén cho k&t cdu khuén, nén chon khodng cdch gilta
hai kénh gidi nhi¢t B = (2,5 - 3,5) D; khodng cdch t6i b& mit sin phdm
A=(0,8-1,5)B.

B.4 Bé tri HTGN
Viéc b6 ui HTGN dugc ti€n hanh theo khong gian cho Kénh | Kénh | Kénh cé
phép; yéu cdu vé mic do, tdc do gidi nhiét cu thé trén cdc thing | gap véch
tdm khudn; va dua vao gid tri kich thudc, mat do kénh gidi khiic ngin
nhiét tham khdo (xdc dinh 8 muc 2.2 - 2.3). Tdmi 15 % 11x | 4x @20
- Dt kénh gidi nhiét xa kénh din nhya. coi @14 @14 | (8 véch
- Cén luu y dé€n cdc viing tu nhiét, n€u ving d6 gin cudng ngin)
phun thi khéng cin ting cudng giii nhiét, ngudc lai néu xa Tdm 7x 0 7x @20
cudng phun thi cdn gidi nhiét that t6t mdi dim bio dung chay | @14 (31 véch
sai kich thudc va trdnh dugc cdc khuyét tit do tdc nhin ngin)
nhiét.
- b€ ting hiéu qua gidi nhiét, cAn khoan kénh gidi nhiét
theo bién dang sin phim.

B.5 Chon ché& d gidi nhiét
- Chit gidi nhiét théng dung 12 nudc. - Nhiét d0 nudc gidi
- Nhiét d6 dau vao thudng dugc chon 1 nhiét dd moi trudng. nhiét: 25 °C
- Van t8c chit gidi nhiét trong kénh din cin dim bdo ch& d6 chiy| _ L.Lru lugng nudc gidi

pVD
n

lugng riéng cla chat gidi nhiét; 1) - hé s& nhdt clia cha't gidi nhiét; V -

vin t8c dong chdy trung binh clia chit gidi nhiét; D - dudng kinh

kénh gidi nhiét)

C. THIET LAP HTGN TREN MO HINH PHAN TICH CAE

16i (Re = > 10.000. Trong d6, Re - hé s& Reynolds; p - khai| nhiét: 5,9 lit/phit

Thiét 1ap HTGN theo 1 trong 2 cich :

- Tryc ti€p trén phin mém Moldflow
hoic

- Thi€t k€ cdc dudng din (datum curves)
- dudng truc kénh gidi nhiét trén phin
mém CAD sau d6 chuyén sang phin
mém Moldflow va gin thudc tinh
Channel cho cdc dudng din va tao ludi
cho mé hinh HTGN Hinh 6 : M6 hinh phén tich HTGN
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D.PHAN TiCH GIAI NHIET - CONG VENH

- Phén tich qué trinh ép phun dudi dnh hudng cia HTGN biing cdch thuc hién chubi chic ning
phén tich Fill+Cool+Flow+Warp
- K&t qué phén tich gidi nhiét va cong vénh (hinh 7)

E.DANH GIA GIAI PHAP GIAI NHIET

- Pénh gid gidi phdp gidi nhiét | Theo chi ti¢u phén tich gidi nhiét : C1-C4, W1-W2, két gud
trén cd s6 doi chi€u k&t qua | phdn tich ddp ing yéu cdu thiét ké':

phin tich véi chi tiéu phdn tich | - Th&i gian gidi nhiét (52,6s)

gidi nhigt (C1-C4) va chi tiéu | -  Phan b8 nhiét d6 trén sin phdm sau gidi nhiét (84,7°C)
phén tich cong vénh (W1-W2). - Phin b8 nhiét dd kénh gidi nhiét (In/Out = 25°C / 27°C)

- Ngudi thi€t k&€ cin ra quy&t |- Phin b8 va chénh l&ch nhiét d§ gilta hai mit sin phim
dinh chip nhidn gidi phdp gidi (<10°C)

nhiét da xdc lap, hoac di€u chinh | - Phin b8 co rit thé tich gin nhy dong déu trén toan b
ché do gidi nhiét hay sita déi san phdm

dudng kinh, mat do, bd tri kénh | -  Bi&n dang sau gidi nhiét ddm bdo dung sai kich thudc
gidi nhiét nhim ddp @ng dung sai

kich thudc sin phdm va thdi gian

gidi nhiét yéu ciu.

i 0 nudc giai nhiét
Thai gian gii nhit (52,65) t SP sau gidi nhiét (84,70C) " (?n i) ,27')3 Chénh l&ch nhiét do gida
hai mét s&n phdm <10°C

Co rit thé tich Bién dang phuong X Bién dang phuong Y Bién dang phuong Z

(x2,3mm) (+1,2mm) (£ 0,9mm)

Hinh 7 : Két qud phdn tich gidi nhiét- cong vénh

6. HIEU QUA AP DUNG PHUONG PHAP THIET KE CAD/CAE - KET LUAN

Théng qua viéc 4p dung phudng phép thi€t k€ CAD/CAE d&i v6i khudn sdn phim v binh nudc
néng — khudn sin pham kich thudc 16n, doi héi ch& d6 gidi nhiét hop 1y dé ddm d6 chinh x4c kich
thuéc 14p ghép ddng thdi gidi han thdi gian chu trinh ép phun, ¢6 th€ dédnh gid mot s6 hiéu qud nhu
sau:

- Ngay ca vdi ngudi thi€t k&€ khudn nhiu kinh nghiém ciing khong thé dy dodn chinh x4c phin
b& nhiét trén sdn phim sau dién diy. D&i v6i sin phim vé binh nudc néng, theo kinh nghiém c6 thé
du dodn phin b& nhiét chi tdp trung quanh vi tri hai miéng phun va viing tiét dién day. Tuy nhién theo
phan tich CAE, con c¢6 nhifng viing tu nhiét khdc & 2 diu sin phim (hinh 3). Nhiét khéng chi tip trung

Trang 64




TAP CHi PHAT TRIEN KH&CN, TAP 8, S0 4/2005

tai vilng miéng phun ma phin b& rong tif miéng phun d&€n viing bién sdn phdm. K&t qud phan tich nay
12 cd s& dé bs tri HTGN

- Vi d& nghi ding hé thdng nguyén tic chon gidi phdp gidi nhiét d€ chon phudng thic gidi
nhiét; xdc dinh dudng kinh, mit do kénh gidi nhiét, bs ti HI'GN; chon ché& do gidi nhiét ddp dng diéu
kién vé k&t cau khudn, hinh hoc sdn phim, trang thdi phin bd nhiét trén sin phim sau giai doan dién
ddy va cdc chi tiéu phan tich CAE ddnh gid phin b& nhiét va cong vénh sdn phdm do tdc nhan nhiét,
qui trinh thi€t k&€ CAD/CAE ddm bdo lya chon dugc gidi phdp gidi nhiét hgp ly, ddm bdo chdt lugng
sdn phim, thdi gian chu k¥ sdn xudt va gidm thi€u s& 1an 1dp lai qui trinh phin tich gidi nhiét.

CAD/CAE METHOD FOR DETERMINING AN APPROPRIATE LAYOUT OF
COOLING CHANELLS IN INJECTION MOLDS

Doan Thi Minh Trinh ‘, Cai Minh Giac ®, Ngnyen Van Thanh
OUniversity of Technology — VNU-HCM, ® Phu Vinh Mechanical Co. , Ltd

ABSTRACT: This paper presents the CAD/CAE Method for determining an appropriate layout of
cooling chanells in injection molds. In the proposed method, 5 principles governing cooling solution
choices are utilized for Cooling Method Selection, Cooling Chanells Diameter Determination, Cooling
Chanells Layout, and Cooling Conditions Determination; the functions Fill+Cool+Flow+Warp of
Moldflow software package are utilized for cooling calculation; and proposed Cool and Warp Analysis
Variables are utilized for cooling solutions evaluation. Also, the results of implementing the CAD/CAE
method for the injection mold of water heating equipment cover are presented.
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