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TOM TAT

Khuén nhiéu long khuén la mét phieong phdp hiéu qua dé san xudt cac san pham nhiea hang
loat vira va nhé nham giam gia thanh gia cong. Hai diéu kién dwoc dwa ra trong bai todn cdn bang
khuén la do mat dp sudt dong nhwa qua cic doan ré nhanh téi cdc long khuén phdi giong nhau.
Bén canh dé, thoi gian dién ddy qua cdc giai doan trén kénh dan, cong phun nhiea va san pham
phdi giong nhau nham tranh cdc khuyét tdt san pham ciing nhuw dé dang diéu chinh ché dé ép nhua.
Nghién cvru dat trong tdm vao viéc xay dung co so toan hoc nham xdac dinh bé cuc so bg cho khudn
nhiéu long khuén. Phiong phdp ludn dwoc xdy dwng tir tinh chat leu bién ciia dong chdy nhiea, sir
dung mé hinh nhét Power law va moi quan hé giita do nhot va toc dé cat. Thiét ké can bang cho
khuén hai long khuén dwoc dwa ra cho thdy loi ich ciia phwong phdp tinh da dé xudt.

T khéa: Khuon nhiéu long khuén; Thoi gian dién day; Dé sut dp; Power law.
ABSTRACT

Family mold is an effective method for small and medium mass production, reducing
outsourcing costs, and is applied in plastic injection molding applications. Two conditions are
proposed in the Family mold balancing problem: the pressure drop of the plastic flow through
branching sections to different cavities must be the same. Additionally, the filling time through
the runner system, gates, and products must be the same to avoid product defects and facilitate
easy adjustment of the molding process. The research focuses on establishing a mathematical basis
to determine a preliminary layout for the Family mold. The theoretical method is built upon the
rheological properties of plastic flow, using the Power law viscosity model and the relationship
between viscosity and shear rate. An example of balanced design for a 2-Cavity Family mold
demonstrates the benefits of the proposed method in determining the runner system design at the
initial stage.
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1. PAT VAN PE

Khudén nhidu long khuén khac nhau
duoc st dung nhiéu trong san xuat san pham
nhua vi du nhu dd choi va san phém gia dung,
vi 6 thé san xuét hiéu qua va tiét kiém céc san
pham nhya khéac nhau [1]. Trong thiét ké khuon
nhiéu long khuén (TKKNLK), cach bd tri bd
cuc long khuodn 1a cong vi¢e quan trong nhét,
anh huong truc tiép dén hiéu suit cua khuon va
nhiéu yéu t6 then chdt vé thiét ké nhu: dién day
nhua, kénh dén, 18i khuon, khudn va cac yéu to
khac [2]. Kho khan trong TKKNLK lién quan
dén cac to hop sip xép long khuon, kénh dén va
d6 phirc tap cua cac san pham [3]. Cac phuong
phédp TKKNLK thu cong phu thudc vao con
ngudi va su thiéu hut cac nha thiét ké khudn
mau c6 kinh nghiém gay ra thoi gian thiét ké
dai, thiét ké khong t6i wu.

Trong qua trinh thiét ké khuon, viéc can
bang hé thong kénh dan 1a vo clng quan trong
khi thiét ké khuon, cac thong s6 dugc diéu
chinh nhu: thé tich kénh dan, ap suat ép, huéng
kénh dan... muc tiéu hudng dén vé téi uu chi
phi, can bang dong chay, thoi gian dién day...
[4], [5]. Hé théng kénh din phai duoc thiét ké
sao cho mdi 1ong khuén duge 1ap day ¢ cung
thoi diém va ap suat. Khi hé thong kénh din
dugc sir dung dé can bang dong chay, tong do
mat ap suat dién day cta kénh dan cong voi do
sut ap long khudn phai bang nhau tinh tir cac
nhanh & [6]. Viéc thay doi hé théng kénh din
s& lam thay d6i muc giam &p suat trong 1ong
khuén vi téc do dong chay va hé s6 ma sat nhiét
s& thay ddi. Su can bang giita cac 1ong khudn
khéac nhau va bén trong ting long khuon cang
ddng déu thi chat lugng san phim cang cao va
dé dang dé san xuét.

Hién nay, cung voi su phat trién cua
cong nghé ép phun, c6 mdt s6 phan mém CAE

(computer aided engineering) throng mai chang
han nhu Moldflow [7] dugc st dung rong rai va
cling duoc chap nhan nhu mot cong cu danh
cho nghién ctru. Tuy nhién, c6 mot sé kho khan
khi str dung cac phan mém trén dé can bang do
sut ap hay thoi gian dién diy. Cac k¥ su can
phai chudn bi cac k¥ ning vé mé hinh hoa 3D
va kién thuc ‘md phong [8]. Khi thay d6i tham
s6 thiét ké can thuc hién lai chu ky mo phong
s& ton nhiéu thoi gian. Hon nita, cac phan mém
moé phong thuong mai nhu trén kha ton kém dé
mua va van hanh, va dé truy cap tu:ng mo-dun
mo phong rleng can pha1 mua thém gidy phép.

Be giai quyét van dé trén, nhom tac gia cung
cAp mot giai phap sir dung Microsoft Excel dé
thu dugc cac tinh toan 1y thuyét [9], sau d6 két
qua dugc dua vao md phong Moldflow. Véi y
tuong do, vic két hop tinh toan ly thuyet SO
bo, sau do su dung két qua vao phan mém mo
phong hd tro tot hon cho qué trinh m6 phong va
tinh toan. Trong bai bao ndy, chung t6i dé xuét
mot phuong phap nghién ctru s€ tap trung vao
can bang do sut ap va thoi gian dién day, tir d6
dé xuat mot bd cuc so bd cho khudn nhiéu long
khuon khac nhau.

2. MO HINH TOAN CHO DONG CHAY
NHUA

2.1. Tinh chit lwu bién ciia dong chay nhét

Qua trinh chay ctia nhya nong chay
dugc coi 1a dong gan nhu 6n dinh cua cua chét
1ong Newton khong nén dugc trong diéu kién
khong dang nhiét. Mot trong nhimng mé hinh
phd bién dé moé ta hanh vi luu bién cua dong
nhya la m6 hinh Power law [6]. D& nhdt n
khong phai 13 hiang sb ma 1a mot ham thay doi
vé6i bién la toe do bién dang [10], tng sudt truot
¢6 thé biéu dat nhu sau:

r=n(y)y (1)
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D6i voi chat long Newton téng quat,
mdi quan hé giita d6 nhét 1 va toc do truot p
c6 thé duoc dien dat nhu sau [8]:

n=ry"! 2)

Trong d6, k 1a hang s6 (véi don vi
Pes™) va n 1a chi s Power-law.

2.2. P§ mit ap qua ong tiét dién tron
Tir phuong trinh lién tuc ciia dong chét
long trong toa d¢ try, ta c6 phuong trinh rit gon
bén dudi chi voi thanh phan v 1a c6 gia tri:
r ) -ﬂ X
Inkgt " |_ i i Ou'!lr.u
8

Hinh 1. D¢ sut qua 5ng hinh tru

ov
=0 3
0z ®)

V6i v, = v, = 0, phuong trinh bao toan
dong lugng trong hé toa do tru trd thanh:

op 10
O=—F"—+—— 4
0z r@r(rT’Z) @

Téc d6 bién dang dugc biéu dat dudi
phuong trinh:

8vz
or

dvZ
dr

B dvZ
Cdr

y=|e = (5)

Str dung phuong trinh (1) va (2), ta c6
thé suy ra tmg suat cat 7 _:

B dv, ! 6
f =k - (6)
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Luu luong dong chay qua tiét dién tron
la:

R 3+l l
ntR " dp 1 |
_[2rv.dr = _dp 1 7
Q ! S P ( dz21{j @)

Tir (7) ¢6 thé suy ra d6 giam ap sudt AP
= P, — P, gilra hai dau 6ng hinh tru chi€u dai L.

®)

AP = 2kL{ Q(Bn+1)
R nrR’

2.3. P) sut qua ong tiét dién chir nhat

X y W\

- H

Inlet Outlet

P,

L
Hinh 2. D¢ sut ap qua 5ng tiét dién hinh chit nhdt

Luu luong dong chay qua dng tiét dién
chir nhat la:

H/2

1

nWH? ( dp H |
= [ Wody= S0
0= [ Wordy 4(2n+1){ dz2zcj )

—-H/2
Do gidm 4p sudt AP = P, - P, giita hai
dau ong tiet dién chir nhat:

Ap o 2L (2Q(2n + 1)] (10)

H H*Wn

3. UNG DUNG TiNH TOAN
3.1. Pic tinh nhya du vao

Céc dac tinh tan chdy ctua nhua PP
(polypropylen) trong mo hinh nhot Power law
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& nhiét d6 200°C 1a: « = 7.5x10° (Pes" ), chi sb
Power-law = 0.38 (duogc ldy tir co so dit lidu
MoldFlow).

3.2. Tinh toan hé théng kénh din

Cho luu lugng nhya dau vao la Q=50
cc. Cac thong sb hinh hoc ctia hé thong kénh
dan va san pham duoc dwa vao Bang 1. Voi
diéu kién do giam ap qua cac doan r& nhanh toi
cac Cavities phai bang nhau, ta c6 phuong trinh
sau:

Alf’r1+A1"gl+APpl=APr2+Asz+APp2 (11)

Hinh 3. M¢ ta kich thwoc hé th(fng dan nhua

Bdng 1. Cdc tham s6 thiét ké cho hé thong dan nhiea

Kénh din Kich thuéc
L, L =15mm
D, R, (bién thiét ké)
L, L,= 15 mm
D, R, (bién thiét ké)
G, 2 mm
G, 2 mm
G, 2 mm
G, 1 mm
G, 1 mm
G, 2 mm
C 10 mm
C, 4 mm
C, 80 mm
C, 30 mm
C,, 6 mm
C, 70 mm

Dé thoi gian qua cac giai doan bang
nhau, ta c6 phuong trinh sau:

LA, _ L, A, (12)

0, 0

Trong do, 1 = (kénh dan, céng, chi tiét)
la cac doan ma dong nhya chay qua.

Tur cac phuong trinh (11) va (12), ta sé
tim duoc gia tri R, = 2.293 mm, R, = 4.551
mm.

4. KET LUAN

Bai bao dé xuat phuong phap tinh toan
so bo dé can bang hé thong kénh din trong
khuon ép nhya. Phuong phap nay dam bao do
giam 4p va thoi gian dién day cho cac nhanh r&
13 bang nhau. Muc dich ctia phuong phap 13 hd
tro k¥ su thiét ké bd cuc so bd hé théng kénh
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dan, sau d6 c6 thé sir dung phan mém thuong
mai dé tinh chinh thém. Phuong phap nay gitp
rat ngan thoi gian thiét ké giai doan dau.
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