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TOM TAT: Viée xde dinh dudong kinh kénh dén nhya ddm bdo cdn bdng dong theo kinh
nghiém thuong ton nhiéu thai gian va céng sitc do phdi ép thit va sita khudn nhiéu ldn, thdm chi
khdng dat dugc can bing dong. Bai bdo trinh bay phuong phdp thiét ké CAD/CAE 167 uu duong
kinh kénh dén nhia (runners) ddm bdo cdn bing dong déng thdi cuc tiéu duong kinh cho khudn
ép phun nhiéu khoang tao hinh (cavities); va két qud trién khai cho khudn ép phun chi tiét khau
ren ngoai phu tiing éng nhya uPVC theo ddt hang nghién citu ciia Cong ty C6 phan Nhya Binh
Minh.

1. GIGI THIEU ~

D0Si véi khudén nhiéu khoang tao hinh / B°"‘g",‘,‘,‘1:}1§,°""“ /
(KTH) b6 tri khong cin bing tu nhién, viéc
thi€t k& hé thdng kénh din nhya theo phudng
phdp truyén th&ng (hinh 1), tic 12 khong si
dung cong cu phén tich CAE gip nhi€u trd ngai

I 1. Xdc dinh dudng kinh cho HTKD nhUaJ

do viéc xdc dinh dudng kinh kénh din nhua phu | 20n il A1k hdo |

thudc hoan todn vdo kinh nghiém cda ngudi & 7 ik i
e A s a 4 s A x IS (i & 4 u

thi€t k& va viéc ddnh gid cdn bing dong chi |3 Ep thir khusn wbn may | bt ihildc

dugc thuc hién theo phudng phdp quan sit truc HTKD nhya

quan trén k&t qua ép thi sin phim. Do dé .

thudng phai diéu chinh kich thuéc kénh din KhONg ayF

Bat

nhidu 14n, 1am kéo dai thdi gian thi€t k& — ch&
tao, ting chi phi sin xudt. Hon nifa, rat kh6 dat / Sdn xufthing lo3t /
duge diéu kién cin bing dong va cuc tiéu
dudng kinh kénh din nhua.

Hién nay trén th& gidi c6 mot s§ phin
mém CAE phén tich ép phun nhya c6 chic ning cin biing, hay t6i wu dudng kinh kénh dan. Thi du
chic ning Runners Balance ciia phdn mém Moldflow thuc hién phén tich cin bing dong dua trén
thong s6 ép phun ciia mdy ép; ch€ dd ép phun sd bd; dudng kinh so bd va gidi han dudng kinh kénh
din nhua; s6 vong lap va sai s8 tinh todn cin bing. Thyc t&€ 4p dung cong cu phin tich cin bing dong
cho thdy, n€u gia tri dudng kinh so bd dudc chon xa viing gid tri dudng kinh can bing, c6 thé xdy ra 2
trudng hop: (i) néu s& vong 1ap dugc cai dit 16n, viéc phan tich cin bing dat k€t qud nhung thdi gian
tinh todn thudng rt 16n; (i) néu han ché s& vong lap, viéc tinh todn cin bing khong dat két qud do
viéc didu chinh dudng kinh chua di dé dat dude sy cin bling dong trén cdc nhdnh kénh din.

Do dé dé viéc sit dung cdc cong cu phan tich CAE thuc sy hi¢u qud vé chi't lugng va thdi gian
thit k€&, nghién citu phuong phdp thi€t k& t6i vu dudng kinh kénh din, trong d6 xdc ldp dugc nguyén
tde xdc dinh duong kinh so bg va chi tiéu phdn tich cdn bdng d€ rit ngdn thoi gian tinh todn va cd co
56 dé ddnh gid gidi phdp cdn blng dong la hét sitc cdn thiét.

Bii béo trinh bay két qua nghién cu xdy dyng qui trinh thi€t k&€ CAD/CAE t§i ttu dudng kinh
kénh din nhua cho khudn ép phun nhiéu KTH, bao gdm cdc ndi dung nhu sau: (i) Chi tiéu cdn bing
dong; (ii) Quan h¢ gidta duomng kinh so by va dudng kinh cdn bing; (iii) Nguyén tdc xdc dinh dudng

Hinh 1: Quy trinh thiét k& truyén théng
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kinh so b3 cho kénh ddn nhya; (iv) Qui trinh thiét k& CAD/CAE t6i wu duong kinh kénh ddn; (v) Két
qud trién khai qui trinh thiét k& cho khuén ép phun khdu ren ngoai phy ting éng nhua uPVC.

2. CHI TIEU CAN BANG DONG
Pé& xem xét chi tiéu cin bing dong, chiing ta chon mé hinh khuén 16 KTH bé tri theo dang
xuong cd (hinh 2). Do cdc KTH duge bd tri d6i xiing, nén chi cin xem xét 1 nhdnh kénh din chinh.
Dong chiy ép phun trong khudn nhiéu KTH dudc goi 12 cin biing khi [1]:
APi=...=AP=.. = AP, (1); Tu=..=Ty=..=Tn @)
Trong d6: AP,- dd chénh 4p trén nhdnh kénh din thy i (giita vi tri chdn cudng phun va vi tri
trudc miéng phun):
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Hinh 2: M& hinh phén tich cin bing dong cho khudn nhiéu KTH [1]

P - dp sudt tgi chdn bac cuéng phun; P;- dp sudt tai vi tri miéng phun ; Q, q — luu lugng dong
trén kénh din chinh, kénh din nhdnh; R, r — bdn kinh kénh dén chinh, kénh ddn nhdnh; L1 - chiéu dai
kénh ddn chinh, kénh dén nhdnh; T;(t; ) - thoi gian dong nhya chdy qua cdc kénh ddn chinh (kénh ddn
nhdnh) téi migng phun.

DéE dat diéu kién cyc ti€u dudng kinh thl d6 chénh 4p (AP,) trén mdi nhdnh kénh din phai dat
dd chénh 4p cyc dai AP, cho phép (gid tri ndy phu thudc vao 4p suit ép phun t8i da clia mdy,
dudng kinh sd bd va gidi han dudng kinh kénh din ) :

APj=  APpux = Ppax— (APsp+ APg + AP ) 5)

Trong d6: Pyux - 4p sudt t8i da clia mdy ép ; APsp, APg, AP - d6 chénh 4p trén bac cuéng phun
(sprue), miéng phun (gate), trong KTH (cavity).

C6 thé coi dong chdy trong KTH nhu dong chdy gilta 2 tim mdng song song; dong chdy qua
kénh din, miéng phun nhu dong chdy qua &ng tron; dong chdy qua bac cuéng phun nhu dong chay
trong &ng trdn ¢6 dudng kinh thay d8i. Theo [1], c6 thé tinh dd chénh 4p va téc do trudt cia dong
chdy nhu trinh bdy t6m tdt trong bdng 1. Tuy nhién d€ tinh dugc d chénh 4p, cAn biét chi s& dam dic
(n) va hé sd nhdt ty 1& (m). Cdc thong s6 nay dugc cung cip truc ti€p hoic gidn ti€p theo dd thi thuc
nghiém T8¢ db trugt — Do nhdt, bdi nha sidn xu't vit liéu nhua.
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Béng 1 : M3 hinh phdn tich dong chdy ép phun nhua [1]

Khoang tao hinh Kénh din, Miéng phun Bac cudng phun
(Khe hep giita hai tdm (6ng tru tron) (Ong try con)
song song)
Mé 4 T \
hinh ] . R .
dong L " e m,I: :lx,
o 1+20\| 40 n ' Q 3n+l i AP, =2mL g [E"HJH
chent s 2| G| | ap=am G| SRl
ap WH*" R " (8)
(6) )

Téc _ 1_@)112, y _(__QIM] 0 Yum
dp Y=\ JWH Volaa™ " | h "‘“—[ ALig+RY N n )
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max

Nhu vy, k&t hop cic diéu kién (1), (2), (5), chi tiéu cin bing dong d&i véi khudn nhiéu KTH Ia:
AP,= P, — (APsp+ APg+ APc)  (12); Tyi=const (13)

3. QUAN HEE PUONG KINH SO B - PUONG KINH CAN BANG

Pé gidi quyét bai toan cin bing dong cho hé théng kénh din nhya (HTKD) khdng cén bing tu
nhién, viéc diu tién cén thuc hién 12 x4c 1ap dudng kinh so b cho cdc kénh din, sau d6 thyc hién
viéc cn biing dua trén cdc kich thu6c so bd ndy. Bdn chdt cila qud trinh tinh todn cdn bdng kénh ddn
la thuc hién vong ldp tdng hodc gidm dudng kinh theo gia 56 thay ddi duong kinh hodc bdn kinh (x)
cho dén khi dat diéu kién cdn bdng trén mbi dong chdy (hinh 5) [1].

Theo sd dd thuit todn, néu gid tri bén kinh kénh din thda di€u kién cin bing dong, gid tri nay
dugc coi 12 ban kinh cin bing. Ngugc lai, cin 13p lai qui trinh tinh todn. Cin chd ¥ ring, chinh bdn
kinh kénh ddn nhdnh (r;) va bdn kinh kénh ddn chinh (R;) dnh hudng truc tiép tdi dg chénh dp (AP))
trén m3i nhdnh kénh dén, do dé dnh hudng téi s6 vong ldp tinh todn cdn bdng. Nhu vdy nhu cdu ddt ra
la cdn co gidi phdp xdc dinh dudng kinh so b cho kénh ddn nhdm gidm thiéu thoi gian tinh todn phdn
tich.

4. NGUYEN TA C XAC PINH PUONG KIiNH SG BO CHO KENH DAN NHUA
C6 nhidu phuong phip xdc dinh dudng kinh kénh din
nhua, nhv phwong phép Bryse; phuong phap d6 thi thyc nghiém;
phuong phip Polyplas-Corporation; phuong phdp GLS- -
Corporation; va phuong phdp Stevence [1]. Trong d6, phuong _m_l ‘,rJ
phdp Stevence cd wu diém la thiét ldp dugc quan h¢ todn hoc I
giita duong kinh kénh ddn vdi khdi lugng sdn phdm; chiéu dai
dong chdy; va sé nhdnh kénh ddn, do dé rdt thudn tién cho ldp €T
trinh tinh todn d6i véi HTKD nhya phdn nhdnh nhiéu cdp. Theo il T &l
phudng phép Stevence, dudng kinh kénh din nhanh (d;) va kénh '

din chinh (D;) dudc tinh nhu sau (hinh 6) [1]:
i -

13
we-L (14): D;=d; x¥N, (15)
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Trong d6 : i = (1, n), n 13 Y2 s6 KTH trén 1 nhdnh kénh din chinh; W - kh&i lugng sdn phim; L -
chiéu dai dong chdy tir chin cudng phun t6i miéng phun tudng @ng; N; - s6 kénh din nhdnh lién thudc
v@i kénh din chinh.

- Hinh hoc san phim
- Vit liéu nhuya
- Luu Iligng (Q), 4p sudt ép phun
16n nhit cia may P,
- Gia sd thay ddi ban kinh (x)

Y

Tinh lvu lugng dong chay vao KTH (q)

3

Tinh d9 chénh dp: AP, AP, AP,

A

Tinh t8n hao 4p suft 16n nhat AP ...

A =10

|
‘l‘ A r'y
Tinh r;, R; sobj; r;:=r;+ A, Ri=f(r)

& Tinh téc df cat : ¥ g, ¥

Tinh d6 nhét: g 774

Tinh AP

dat khéng dat

khéng dat

dat

/ Gid trir;, R; 16i wu /

Hinh 5: Gidi thuét cin biing kénh din cho khudn nhiéu KTH [1]

Vi mdi loai vit lidu nhya c6 dic tinh chdy khdc nhau vi phudng phdp Stevence khong téng
quat cho tat ca cdc loai vat lidu nhya, nén c6 thé xdy ra trudng hgp dudng kinh kénh din nhdnh nhd
nhét (d,) tinh theo cdng thic Stevence nhd hon gidi han dudng kinh thuc nghiém nhd nhit (d,) do
nhd sdn xuit vt liéu nhya cung cdp. Trong trudng hgp ndy ching ta phdi chon dudng kinh kénh din
nhdnh nhd nhat bing gid tri dudng kinh thuc nghiém (d, « d,) 1di tit d6 tinh dudng kinh kénh din
nhédnh khéc theo hé s& hiéu chinh chiéu dai dong chdy (o) dudc d& nghi nhu sau [2]:
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1/4
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Do d6 gidi phap dugc dé xudt & day 12 higu chinh cong thitc Stevence theo hé s6 higu chinh
chidu dai dong chdy (16) d€ c6 thé dp dung cho tat cd loai vt ligu nhya, bao gbm ca loai vét liéu
khé gia cong, yéu cau dutng kinh kénh din 16n hon gid tri xdc dinh theo cong thdc Stevence. Ap
dung cong thirc Stevence higu chinh (16), nguyén tdc xdc dinh duong kinh so bg cho kénh ddn nhya
cita khuén nhidu KTH duge dé nghi nhy trinh bay t6m tit trong bdng 2.

Bing 2: Nguyén tdc xdc dinh dudng kinh so by kénh ddn nhya khudn nhiéu KTH [2]

TT Néi dung
KD1 | Xdc dinh sd lid¢u cd sd : khdi lugng sén phim (W); chi€u dai dong chdy; loai VL nhua;
dudng kinh thuc nghiém nhd nhét (dyin ), n€u dudce nha sdn xuét vét liéu nhya cung cap.
KD2 | Tinh dutng kinh kénh din nhdnh nhé nhat (d,) theo cong thiic Stevence (14) :
d, = [W= (L, + t)%];,]
KD3 | Tinh dudng kinh kénh din nhdnh (d;) :
Néu d; 2 d,yn, tinh d; theo cong thifc Stevence (14) :
d, = {W%[L1 +(i-1)L, +l]‘“}i
3,7 :
Néu d; < dmin , tinh d; theo dudng kinh thyc nghiém t8i thi€u dyy, v hé s hiéu chinh
chiéu dai dong chdy : .
: 1/4
d, =d, \:l + (I—_l)ﬁ]
e L +1
i=(1,n),nla%s6 KTH trén 1 nhdnh kénh din chinh
KD4 | Tinh dudng kinh kénh din chinh (D)) theo céng thifc Stevence (15):
D, =d, *32+2(n—i)
KD5 | Xdc dinh kich thudc giéng ngupi va cudng phun theo kénh ddn nhdnh va kénh ddn chinh

5. QUI TRINH THIET K& CAD/CAE TOI UU PUONG KINH KENH DAN
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CAE xdc dinn ché& d§ ép phun .5, | 3. Phén tich ché d ép phun - Molding Window l
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1. Xdc djnh dudng kinh sd b$ cho kénh dan I

dan dam bdc cdn bdng dong va  mawe I 4. Phan tich cén béng kénh didn - Bunners Balance I
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phén tich

! thay d6&i thi&t k& Khéng dat

r T Kich thudc HTKD 18l uu |

Hinh 7 : Oui trinh thi€t k&€ CAD/CAE t8i vu dudng kinh k&énh din 21
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S& dung chic ndng phin tich cin bing kénh din — Runners Balance ciia phan mém Moldflow
d8ng thdi 4p dung 5 Nguyén tdc x4c dinh dudng kinh sd b§ (KD1-KD5); Chi tiéu cin bling dong (12),
(13), qui trinh thi€t k& CAD/CAE t8i vu dudng kinh kénh din dugc dé& nghj gém 3 giai doan (hinh 7) :
Giai doan 1- xdc dinh dudng kinh sd bd cho kénh din; Giai doan 2 - phin tich cin bing kénh din;
Giai doan 3 - ddnh gid k&t qui phan tich [2].

6. KET QUA TRIEN KHAI [2]

Trién khai qui trinh thi€t k&€ néu trén cho khudn €p phun chi ti€t khau ren ngoai phu ting &ng
nhita uPVC gém 8 KTH b6 tri khéng cin bi ng t nhién, k&t qui dat dugc nhu sau :

a. Duong kinh so bp cho HTKD (hinh 8a):
- Miéng phun $ 4/ ¢ 4,7
- Kénh din nhdnhd, =6;d,=7,35
- Kénh din chinh D, = 9,52; D, =9,26
- Cudng phun: ¢ 6 - ¢ 12
- Giéng ngudi : ¢ 12
b. Ch& dp ép phun so bj:
- Ap sui't ép phun : 40,00 Mpa
- Nhiét do khudn : 40,00 °C
- Nhiét d ép phun : 170,67 °C

c. Buong kinh cén bing (hinh 8b):
- Miéng phun ¢4/ $ 4,7
- Kénh din nhdnhd, =6;d,= 14,15
- Kénh din chinhD, =12; D, =14,05
d. Thi gian dién ddy (hinh 9).

e. Phdn bé dp sudt (hinh 10).

HEnh 8: Puong kinh so bo va
duong kinh cdn béng

7.KET LUAN

Viéc xdc dinh dudng kinh kénh din nhya ddm bio cin bing dong theo kinh nghiém thudng t6n
nhiéu thdi gian va cong sifc do phai &p thi¥ va sita khudn nhiéu 14n, tham chi khong dat dudc cin bing
dong. Phuong phdp thiét k&€ CAD/CAE ddm bdo cin bing dong ddng thdi cuc ti€u khdi lu’dng vét liéu

nhya ti€u hao trén HTKD nhya, phit hgp v6i ch€ do ép phun di x4c 14p do d6 han ché t6i da s 1in ép
thir va sita khuén.

V@i dé nghi dung cdng thitc Stevence hiéu chinh, phudng phdp x4c dinh dudng kinh so bd c6 thé
4dp dung cho t4t cd c4c loai vét liéu nhya. Pudng kinh so bd dugc x4dc dinh mdt cdch hé théng, do dé
ddm bdo kénh din di tuong d6i can bing, nén rdt ngdn dudc ddng k€ thdi gian phén tich cin bing
kénh din. Chi tiéu phén tich CAE dugc d& nghi cho phép d4nh gid toan dién arh hudng ciia hé théng
cip nhya (miéng phun, HTKD nhya); va ch€ do ép phun tdi qué trinh dién ddy. Cin cit chi tidu phin
tich CAE, ngudi thi€t k& c6 thé ra quyét dinh chdp nhin hoic thay ddi kich thudc miéng phun, dudng
kinh kénh din nhua dim bio chi tiéu yéu cdu. Qut trinh thiét k& t0i uu duong kinh kénh ddn cé thé 4p
dung cho tt cd cdc loai khudn nhiéu KTH, bao gém c4 loai khudn nhiéu ho sdn phim (family molds).

CAD/CAE METHOD FOR OPTIMIZING RUNNERS DIAMETER
OF MULTI-CAVITY MOLDS WITH UNBALANCED RUNNERS LAYOUT

Doan Thi Minh Trinh, Doan Le Ngoc Phi Lan, Le Quang Binh
University of Technology — VNU-HCM
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ABSTRACT: This paper presents the CAD/CAE Method for optimizing runners diameter of
multi-cavity molds with unbalanced runners layout. In the proposed method, the Modified Stevence
Formula is utilized for preliminary runners diameter determination; the funtion Runner Balance of
Moldflow software package is utilized for runners balance calculation; and proposed Flow Analysis
Variables are utilized for gates and runners evaluation. Also, the results of implementing the CAD/CAE
method for the injection mold of screwed sockets are presented.
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Hinh 10: Phdn bé dp sudt trudc va sau cdn bdng

Trang 73



