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Tém tit

Khuén ép nhwa dwoc biét dén nhw mét phwong
phdp phé bién tao hinh san pham theo phwong
phdp dinh hinh. Qud trinh tao ra san pham la viéc
phun dong nhira néng chay dién ddy long khuon
va két thiic bang qud trinh déng tu nhanh chéng
ciia nhia nho hé thong lam mat [1]. Nghién citu
tdp trung tim ra phwong phép lam mdt t6i wu bang
cach thay déi dic tinh lam viéc ciia hé thé'ng lam
mat va voi viéc thay déi vt lidu cua chi tiét. Bdng
viée dp dung phwong phap mé phong sé sir dung
phdn mém Simcenter STAR - CCM+, két qua dwa
ra da danh gia dwoc hiéu qud cua tirng phuong
phdp lam mat va dwa ra dwoc phirong phdp t6i wu
nhat la giam nhi¢t d¢ nwoc lam mat va sw dung
vat lieu déng berry tai vi tri dac biét xét dén.

Tw khéa: Nhiét do, tan nhiét, khuén ép nhua.
Abstract

Plastic injection mold is known as the most
popular method to create the shaping plastic
product. The melting plastic is filled the mold and
the end of process is the fast condensation of
molten plastic by cooling system. This study
focusses on survey the effeciency of mold cooling
by changing input conditions that are velocity,
temperature of cooling water and material of
mold details. By using simulation method with
Simcenter STAR - CCM+, the results obtained that
the best cooling method is reducing water
temperature and using berry cooper for some
special mold details at special location.
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1. Giéi thiéu

Nganh co khi ché tao 1a mot trong nhiing nganh
cong nghi€p miii nhon ctia nudc ta dugc chu trong
phat trién. Trong d6 linh vuc khuén mau luén chiém
vu thé hang dau. Vi nhu ciu sir dung san pham ché

tac tir nhua vo cung lon cua nudce ta, doi hoi mot day
chuyén ché tao toc d9, on dinh va phai dam bao tiéu
chuan hinh hoc. Viéc ap dung phuong phap khuén ép
nhya d3 dem lai rat nhiéu wu thé vé san luong, chét
lugng, chi phi van hanh,... Tuy nhién, véi diéu kién
lam viéc lién tuc nhidu gio trong ngay, viéc mét 6n
dinh nhiét d6 khuén 13 hién tugng d& thiy va diéu d6
dan dén tinh trang san phém bi bién dang tai mot sb vi
tri, khong dat tiéu chuan vé chat luong (Hinh 1).
Nghién ctru nay tap trung tim ra phuong phéap lam
mat t6i uu, dic biét d6i vai vi tri chdt day trén Hinh 1.

Hinh 2. M6 hinh hinh hoc ciia khuon

Mo hinh khuén c6 tinh chét ddi xtimg, do d6 mo
phong dugc tién hanh voi mot nira khudn voi diéu
kién bién ddi xUung tai bé mat cat ddi xung nham dam
bao tinh thuc té cua hién tuong vat ly. M6 hinh 3D ctia
khuon duoc biéu thi duéi Hinh 2. Vit ligu ban dau
duoc st dung cho vé khudn tinh va ddng 1a thép S55C
v6i nhiét do ban dau cia ntra khuon tinh 1a 313,0K,
ntra khuén dong 1a 301,0K. Phén 16i khuon dugc chon
tiéu chuan ban dau b.':flng vat li¢u Stavax va nhya nong
chay su dung vat li€u la PPE+PS v6i nhiét do nong
chay 555,0K.

Nhom tac gia st dung phuong phap thay doi thong
s6 dau vao cua hé théng lam mat, st dung vat li¢u 161
khudn ban dau la Stavax dé nghién ctru anh hudng cua
van tdc va nhiét do ctia dong nudc dén hidu qua tin
nhiét cia khuén. Céc gia tri 1an luot dwoc thay ddi 1a
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van tdc va nhiét do, két qua md phong so sanh v4i mot
truong hop duge cho 1a co s¢ dé danh gia tinh hiéu
qua cua timg truong hop thay doi thong sb. Gia tri dix
lidu dau vao véi hé théng 1am mat duoc biéu thi dudi
Bang 1.

Bing 1. Dit liéu dau vio cdc truong hop

Van téc Nhiét do
Truong hop nude lam nude lam
mat (m/s) mat (K)
Truong hop 1 1,0 293.0
Truwong hop 2 2,0 293.0
Truwong hop 3 1,0 283,0

Hinh 3. Chi tiét chot diy

Nhiét d§ trung binh nhira néng chay (K)

o 150 350
Thoi gian (s)

Hinh 4. D6 thi nhigt dp trung binh nhwa néng chdy -
thoi gian

Vi két qua cua khao sat 1, dit liéu cta truong hop
1am mat t&i uu nhét s& duoc st dung cho khao sat 2.
Bai khao sat nay sir dung phuong phap thay do6i vat
lidu chi tiét tai vi tri chdt day (Hinh 3) nhdm danh gia
anh huong ciia vat liéu dén qua trinh tan nhiét trong
diéu kién lam viéc thoi gian dai. Vat li€u dugc chon
st dung dé so sanh 1a vat liéu Stavax va déng Berry.
Dé don gian héa cho mé phong, mién thé tich nhya
dugc dwa vé chu ky nhiét véi thoi gian 22s mot chu
ky. Trong do6, & dau chu ky, nhiét d6 ving nhya néng
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chay duoc dua vé gia tri 555,0K twong ng véi nhiét
d6 cua nhya néng chay dugc dua vao khuon, sau do
nhiét d6 sé giam ty do nho qua trinh lan truyén nhiét
va viéc hé thong lam mat hoat dong (thé hién ¢ db thi
“nhiet do trung binh nhwa nong chay - thoi gian”
Hinh 4). Diéu nay dam bao viéc hoat dong ctia khuon
dugc dién ra dung vai thuce té 1am viéc.
2. Phuwong phip mé phéng sé

Phuong phép mo phong sd véi phan mém
Simcenter STAR-CCM+ dugc nhém tac gia chon st
dung nhim mé phong céac truong hop 1am mat. Céc
bai toan dua ra can giai quyét 1a tinh toan dong chay
trong duong dng 1am mat qua trinh truyén nhiét trong
mai trudng va twong tac nhiét giita cic moi trudng ran
long. Tir céc van dé d6 chon ra duoc cac phuong phép,
mo hinh phi hop dé giai quyét bai toan tong thé.
2.1. Phuwong trinh Reynold Averaged Navier-
Stoke (RANS)

Phuong trinh RANS la phuong trinh dac trung
biéu dién chuyén dong ciia cac phan tir chat 1ong trong
khong gian. N6 giai quyét bai toan chuyén dong cua
dong nudce 1am mat trong dudng dng véi su van dong
lién tyc. Phuong trinh d6 dwgc biéu dién nhu sau:

o | u(dw) , v(dm W(aﬁ)) _p _9

(at + ox + dy + oz ] F 0x *
_ au'u’ | ouv'  ou'w’

phu —p ( x oy 0z ) (M

v | _0v , b , _ o7\ _ ap
'D(at+uax+vay+waz)_Fy 6y+

_ av'u’ o | av'w’
pAY — p(—- o T o) (2)
ow | 0w , 0w  _ 0w\ _ . 9p

p(;+ UE-FUE-FWE)—FZ 6z+
_ aw'u’  ow'v’ | aw'w'
HAW —p(— =+~ +—5,) ww ()

Trong d6: p 1a khdi luong riéng chét long; u,vw
lan luot 1a cac thanh phéan van tdc theo phuong x, y, z;
t la thoi gian; F,, F,, F, 1a lgc theo cac phuong
X,y,z; p 1a ap suat.

Tu cac phuong trinh (1), (2) va (3) ta c6 phuong
trinh tong quat chuyén dong cua cac phan tir chat long
trong khong gian:

o

_ aulu
p. = Fi+ubw, —p(—’> )

dx ]
2.2. Trao déi nhiét

Truyén nhiét 14 sy trao dbi nhiét luong giita cac
mbi chat ¢ nhiét d6 khac nhau. Qua trinh trao d6i nhiét
dién ra theo huéng truyén nhiét ning tir noi ¢ nhiét
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d6 cao dén noi co nhiét d6 thap cho dén khi nhiét do
dugc can bang thi ngimg lai [3]. Truyén nhiét duoc
ton tai dudi ba hinh thire: Dan nhiét, d6i luu, birc xa
nhiét. O day chiing toi xét dén hai bai toan truyén nhiét
trong chat 1ong va truyén nhiét trong chét rin.

Trong Star-CCM+, sy truyén nhié¢t trong moi
truong dugc tinh toan dua trén phuong trinh nang
luong trong chat 1ong. Phuong trinh ning luong trong
chat 1ong duoc viét dudi dang:

a%prEdV+ $,pHV rda= — ¢, ¢" -da+
$,T-vda+ [ f,-vdV + ¢ ¥ h;jida+

Jy Sudv (&)

Trong d6: E 1a téng nang luong; H 1a tdng
enthalpy; g" la véc to thong lugng nhiét; T la Gng
sut cang nhét; v 1a véc to véan toe; f, 1a vée to luc
khoi; h; 1a enthalpy cia thanh phan; j; 1a dong
khuéch tan ctia thanh phan; p 1a khéi luong riéng mdi
chat; V 1a thé tich; a 1a dién tich S,, 1a ngudn nhiét.

Téng nang luong lién quan dén tong enthalpy H:

E=H-p/p (6)

vi?

Trong d6: H = h + - véi h 1a enthalpy tinh.

Phuong trinh ning luong trong chét ran:

d 1!
= I, pC,TdV +§,pC,Tv - da = —§,q" - da+

Jy Sudv )

Trong d6: p 1a khéi luong riéng cua vét chit rén;
Cp lanhiét dung riéng; T la nhigt do; q" 1a véc to
thong luong nhiét; S, 1a ngudn nhiét.
2.3. Truyén nhiét két hop méi truwong long - rin

M6 hinh mé phong truyén nhiét két hop méi
truong 16ng - rin giai quyét van dé trao d6i nhiét giita
hai moi trudng rén - 1ong, viéc trao ddi dir lidu nhiét
giita cac moi trudng dién ra trén bé mit tiép giap giita

Truong hop 1

Solution Time 6 (s) Solution Time 6 (s)
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hai moéi truong nay. Dya trén dinh luét bao toan nang
lugng, tong thong lugng nhiét dugc bao toan tai bé
mat ti€p xuc gilra hai moi treong. Tai bé mat nay, hai
bién dugc xac dinh 18 véi bién Biéng thudc vung chat
long va Bién; thudc vung ran.
Su bdo toan nang lugng dam bao:
o+ 1 =5 (®)
Trong d6: g, 1a thong lugng nhiét tir chit long
thong qua Biény; ¢, 1 thong luong nhiét tir chat ran
thong qua Biény; S, 1angudn nhiét do nguoi dung dit.
Thong lugng nhiét trén mdi mat cua bé mit tiép
giap duoc biéu dién dudi dang hé sb thong luong
nhiét tuyén tinh:
g = A; + BT, + G;T,,, + D;T,; 9)
Trong d6: i 1a chi s6 méi truong, bang 0 dbi véi
moi truong léng va 1 ddi voi moéi truong rin;
A,B.C,D 1a cac hé sb thong luong nhiét tuyén tinh;
T, la nhiét d0 6 ludi bén canh mat bién; T, la nhiét

d6 ctia moi truong tai vi tri mat tiép giap.

Fluid Boundary, . Boundary Solid
Su
Too J Tus
Ac, By, Cg, Dy A By, Gy, Dy
Qg i 91
To Ta

Hinh 5. M6 tid phwong thirc hoat dpng ciia mé hinh
truyén nhiét két hop

3. Két qua va danh gia
3.1. Khdo sdt véi viéc thay déi vin toc, nhiét dp
dong nwoc lam madt

Téng thoi gian md phong dwoc chia lam cac chu
ki nhiét. Mdi chu ky kéo dai 22s twong duong véi mot
qué trinh dién day nhwa vao khu6n va thanh san pham.

Truong hop 2 Truong hop 3

- - - a
Solution Time 6 (s)

Hinh 6. Phin bé nhigt dwéi dang 3D
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Két qua duoc 14y tai mdc thoi gian gidy thi 6 ctia chu Két qua hién thi phan bd nhiét khu vire quanh ving
ky thtr 59 1a thoi diém da hoan tét viéc phun nhya va 161 khudn 1a ving nhya néng chay & nhiét d6 cao cho
tién hanh 1am ngudi nhua tai chu ky 59. thay truong hop co thé tich ving nhiét d6 cao hon duoc

Két qua & Hinh 6 hién thi dudi dang 3D cua truong ~ xép theo thir ty giam dén la: Truong hop 1 > truong
nhiét do, duoc biéu thi bing dai mau véi dai gia tri ~ hop 2> truong hop 3. Do do c6 thé danh gid viéc giam
nhiét trong mg chay trong khoang [268,0; 555,0] K. nhiét do cua nude lra‘lm mat cho kha nang lam mat tot

hon vigc tang van toc nudc lam mat.

Vit
ligu
Stavax

Dong
Berry

g . ¢
Solution Time 1304 (s) Salution Time 1315 (s) Sclution Time 1319 (s)

Hinh 7. Hién thi trwong nhiét d tai mdt cdt Oxy di qua vi tri dit chi tiét chét diy

e cnces Time on Eycle 17 Time o Gyce: 21
59 59
Vit
liéu . .
Stavax
2 b N
Solution Time 1315 (s) Solution Time 1319 (s}
Solution Time 1304 (s)
timeon e Time on Cycle: 17 Time an Cycle: 21
9
Dong
Berry . .
£ . E
Solution Time 1304 (s} Solution Time 1315 (s) Salution Time 1319 (s)
Hinh 8. Hién thi truwong nhiét dj tai mdt cat Oxz
17s
e 17 1 cyce: 21
Cycle: 59 ﬁ Cycle: 59
Vit
liéu
Stavax
: F.E'—J- a : "F.E-m a E-- a
Solution Time 1304 (s) Solution Time 1315 (s) Solution Time 1319 (s)
v cycle: 6 cyce: 17 cycie: 21
ﬁ' 39 ﬁ Ol 59 Orr9
DPong
Berry
! — - k - - . "F.E

4 [
Solution Time ucn ) Solution Time ms (s} Solution Time 1319 (s)

Hinh 9. Hién thi trwomg nhiét d tai mdt cit Oyz
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Vit
ligu
Stavax
\ |
| 226K

Berry
N wox ws I
hime 1304 ) s

Hinh 10. Hién thi truong nhigt dé vi tri chét diy trén mdt cit Oxy

3.2. Khio sdt vdi viéc thay déi vit liéu chi tiét
chét diy

Tir két qua cta khao sat thay doi dic tinh ctia nude
lam mat, khao st tiép theo sir dung trudng hop giam
nhiét ¢ nude lam mét dé tiép tuc nghién ctru tinh anh
hudng cuia vat liéu 1am khuon. Bai toan khao sat trong
diéu kién khuon lam viéc lién tuc trong thoi gian dai,
dugc quy dbi thanh cac chu ky nhiét véi thoi gian mdi
chu ky 1a 22s. Két qua hién thi cac mat cét tai vi tri
chét ddy tai chu ky 1am viéc thir 59 theo Hinh 7, 8 va
9 1an luot 1 cac mat cat theo cac phuong qua trong
tam khuon va Hinh 10 1a mat cit qua chi tiét chdt day
nham khéo sat nhiét do tai ving nay sau mot khoang
thoi gian lam viéc.

Tai cung thoi diém tuong tng, vat liéu dong berry
cho dai mau truong nhiét do co sic do thép hon, co
nghia 14 ¢4 cac ving gia tri nhiét thip hon so véi
truong hop sir dung vt liéu Stavax cho vi tri chdt day.
Do d6 ¢6 thé danh gia dugc kha nang tan nhiét cua
khuon tot hon khi thay doi vat liéu thanh dong Berry.

Thong qua biéu dién truong nhiét do tai vi tri chdt day
cling v6i gia trj cu thé (Hinh 11), két qua cho thiy so voi
vat liéu Stavax, nhiét do c6 gié tri thip hon khi str dung vét
liéu ddng Berry véi cac mée thdi gian trong tmg.

D thi biéu dién nhiét d9 tai vi tri chdt déy, tai thoi
diém cudi mdi chu ky (gidy thir 22) cho thiy khuon
hoat dong cang lau, hiéu qua 1am mat bang viéc thay
d6i vat liéu cang 6n dinh.

4. Két luan

Qua mé phong, két qua cua viéc khao sat truong
nhiét 0 khuon ép nhyua dya trén phuong phéap thay
ddi nhiét 0, van tde dong nudc lam mat va thay ddi
vat liéu cua chi tiét chdt déy gitra vét liéu Stavax va
dong berry cho thdy: Viéc giam nhiét d6 dong nude
lam mat hi€u qua hon so véi viéc tdng van tdc dong
nudc va viée su dung vat licu déng berry cho hi¢u qua

z B Ping Berry
2 50
o
1 30 60
{ Chuky

21s

"

Time on Cycte: 21
Cyeles59

; U
WK e

Time on Cyicle: 21
Crete:59.

—— Vi lid Stavax.

WSK g |
Hinh 11. Dé thi nhigt dp tai vi tri dat chi
tiét chét diy (K)

tan nhiét tdt hon so véi vat lidu Stavax. Két qua cua
bai bao c6 thé 1a co s& gitip nghién ctru cac phuong
phap tan nhiét t6i wu cho khuén ép nhya.
L&i cadm on

Nghién cttu nay dwoc tai trg boi Truong Dai hoc
Bach khoa Ha Noi, dé tai ma s6 T2021-PC-040.
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