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TOM TAT:

Qui trinh ép phun sdn phdm nhwa x4y ra rit phifc tap va xuat hién rat nhiéu khuyét tat gip phai
nhu cong vénh, khong dién diy, chdy den... Trong d6, khuyét tit dudng han xuat hién khi 2 dong
chdy nhyta gip nhau, day 14 khuy&t tit lam gidm do bén clia sin phAm nhya. Xt 1i khuyét tat dudng

han ctia sdn phim nhya dudc cdc nha nghién cttu quan tAm. C6 rat nhiéu thong s6 cong nghé dnh

hudng t6i viéc xuit hién, thong so ki thuit clia dudng han. Mot trong s6 d6 1a nhiét dd bé mit khudn,
nhiét do nhua va van tdc dong nhua ¢6 4nh hudng siu rong t6i kich thudc va géc clia dudng han.
Trong nghién cttu nay, khuyét tit dudng han dugc xdc dinh bdi md phdng bing phin mém
SolidWorks. K&t qud mo phdng cho thdy mic do tdc dong clia van tdc dong nhua c6 dnh hudng
manh mé nhét va c6 tinh Sn dinh hon trong nghién ciu. Nhiét do khuon va nhiét do nhya cé anh

huéng thap hon.

T khéa: khudn ép phun, dudng han, qua trinh ép phun, mo phdng, khuyét tat dudng han.

1. Dit van dé

V6i dic diém nhe, tinh tao hinh cao va sin xuit
dé dang; cdc san phim nhua xuat hién hau hét &
céc linh vuc tr y t€, gido duc, cong nghé, doi
song... Qué trinh sdn xuat sdn phim nhua dugc
thyc hién bing rat nhiéu cdng nghé khic nhau nhu
duin, thdi, hay gia cong truyén thong... Do 1gi the
clia thdi gian chu ky ngdn, hiéu qua cao va dé ty
dong héa, ép phun [1] da trd thanh qué trinh thong
tri d& san xuat cdc san pham nhya. Chat lugng chi
ti€t sdn phim nhya hién dang 13 mot trong nhitng
quan tAm 16n clia cdc nha khoa hoc khudén miu ép
phun. Huéng chinh ctia cdc nghién ctu trén tip
trung vao cai thién cdc khuy€t tat sin pham nhua
nhu khuyét tit khong dién day, dudng han, cong
vénh, co rit... Trong d6, khuy€t tit dudng han kho
tranh khoi khi tao hinh sdn phaAm vdi nguyén liéu
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la vat liéu nhya nhiét déo, ching dugc hinh thanh
khi 2 dong chdy nhwa gdp nhau. C6 2 loai dudng
han dugc hinh thanh v6i 2 dang dong chdy gip
nhau [2]. Dang th& nhat nhu Hinh 1, khi 2 dong
nhua gip truc dién, dang nay thudng xuit hién khi
khuon nhya ¢6 2 cdng vao [3-4] thudng dugc goi 1a
dudng han phing.

Dang thit 2 thudng dugc goi la dudng han dong
chdy nhu Hinh 2 xuét hién khi 2 dong chdy vugt qua
chuéng ngai nhu trong nghién ctu [5]. G6c 6 trong
hinh s6 2 biéu thi khi 2 dong nhwa néng chdy gip
nhau va dudc sit dung d€ phan biét giita dudng han
va dudng dong nhua. & day, dudng han 1a dang khi
gbc 0 < 1350 va ngugc lai 6 > 1350 goi 1a dudng
dong nhua. V6i dic di€m duge hinh thinh nhu vay,
dudng han 1am mat tinh thim my va gidm co tinh
clia san phdm nhua [6]. Nhu trong nghién ctu [7]



KHOA HQC - KY THUAT

Hinh 1: Su hinh thénh dudng han phdng (4)

Hinh 2: Su hinh thanh dudng han déng chdy (5)

(b)

(©

(d)

da st dung vit liéu carbon fiber-reinforced nylon
(PA-CF) composites d& l1am thi nghiém so sinh
giifa sdn phim c6 dudng han va khong c6 dudng
han. K&t qua sdn pham c6 dudng han cho két qua
kém hon khi ti€n hanh kiém tra d0 bén kéo va bén
udén so v6i san phdm khong c6 dudng han. Véi
nghién ctru ctia Supakit Chuaping va cdc cong su
[8], sdn phffm xuat hién dudng han c6 do bén kéo
gidm 58 % va do bén udn gidm 62% co tinh sin
phdm khdng c6 dudng han, ciing theo nghién cttu
nay cd tinh clia dudng han thdp hon cd tinh cla
dudng dong nhua. PE cii thién cic tinh x4u cda
dudng han, rat nhiéu gidi phdp dugc thuc hién.
Trong d6, phudng phap st dung vi tri cdng phun dé
thay d6i vi tri xuat hién duong han & nhitng vi tri
khéac nhau ctia sin pham [9]. Hay nhu nghién citu
ctia Pham Son Minh va céc cong su [10] da st dung
phuong phdp lam 4m bé mit 1ong khudn biing khi
néng nhim gidm kich thuGc dudng han va ting
cudng cd tinh clia san pham. K&t qua cho thiy nhiét
dd bé mit khudn & mitc 30°C thi bé rong dudng han
c6 kich ¢& tir 5,34 dén 8,96 pum, khi nhiét do bé mit
khudn ting 1én 150°C, bé rong dudng han gidm
xudng con 2,88 dén 5,01 pm, thi nghiém dudc thuc
hién trén vat liéu PA6 (ISO 1876). Con theo nghién
ctru ctia Shia-Chung Chen va cédc cong sy [11], khi
lam néng bé& mit 1ong khudn 1én mic cao hon nhiét
dd chuyén héa thily tinh thi dudng han s& bién mat.
Trong nghién cttu ciia Azieatul Azrin Dzulkipli, M.
Azuddin 2017 [12], nhém tdc gid dd st dung md

phdong va thuc nghiém v6i cdc mic nhiét dd nhya
néng chdy khic nhau, k&t qua cho thiy khi nhiét do
cao hon 250°C, dudng han s& ngin lai v6i md
phéng va s& bi€n mat vdi thuc nghiém. Phuong
phéap du bio khuyét tit sin phdm nhua thuding dudc
Mehdi Moayyedian [13] dd dung Gng dung plastic
clia phan mém Solidworks d€ md phéng. Dya trén
cdc nghién citu trén, 3 bai bdo nay, tic gid tip trung
mo phéng du bao dudng han sdn phadm nhya Logo
biing phin mém Solidworks vé6i thong s& ép phun
kh4c nhau va dugc trinh bay & phan 2 bai viét nay.
K&t qud ctia nghién citu chi trong t6i kich thudc va
gbc clia dudng han dugce trinh bay & phin 3. Phan 1
1a gi6i thi¢u, phan 4 12 k&t luan va phan 5 1a tai liéu
tham khéo.

2. Thi€t k& mo hinh, phan tich

2.1. Thiét ké' mo hinh

Trong nghién ctu nay, md hinh 3D ding dé mo
phdng dugc thi€t k€ trén phan mém Solidworks va
¢6 hinh dang nhu Hinh 3.

V6i san pham c6 kich thugc 150x45x2mm dugc
trinh trén ban v& 2D nhu Hinh 4. § day, phan chinh
clia sin phdm c6 bé day 1,5mm, d vat nghiéng clia
san phim 12 2 d6. Sdn phdm c6 116 tron ®4 va
thong sudt vdi vi tri dit c6 kich thude nhu Hinh 4.

2.2. Phuong trinh todn hoc dong chay nhua

Dong nhua néng chdy trong qua trinh dién vao
long khudn phun ép dugc duge xem nhu khong nén
dudc. Trong qud trinh tinh todn, lvc hdp din va
quén tinh s& dugc bd qua do mitc do anh hudng nhd
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Hinh 3: Mé hinh 3D dung trong mé phdng

Hinh 4: B&n vé 2D va cdc kich thudc co bd&n
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[14]. Vi vy, cdc phuong trinh anh hudng t6i dong

chdy nhua [15], bao gdm: phuong trinh dong lugng,

phuong trinh lién tuc va phuong trinh ndng Iugng.
Céc phuong trinh dong lugng nhu sau:

w3+ a5 G )]+ 22l G+ 52 - =

(1)
bG35 55+ mh G5 -5 =

ax[”(aw au)] ay[”(av aW)]

Trong d6: X, y, z 1a toa dd cia 3 phudng trong hé
toa dd; u, v, w 12 van tdc clia dong chdy tuong ting
v6i 3 phuong trong hé toa do x, y, z [4].

Phuong trinh li€n tuc nhu sau:

L D e

Phuong trinh ning lugng:

(5 - =

pCp%=pCp( +va—;+wz—:)+%(K%)

o (K5 + 5 (K )+

Trong do:

P 1a 4p sudt; T 1a nhiét do; p 1a trong lugng
riéng; 7 12 toc dd dong chdy; n1a do nhét

2.3. Vat li¢u nhua ding phan tich

Vit lieu nhya ABS (Acrylonitrile Butadiene
Styrene) dudc tin dung trong nghi€n cttu. Day la
loai vat li€u nhya thudc nhém polyme vo dinh hinh
(Amorphous). C4c thong s6 chi ti€t vé vat lieu dugc
trinh bay chi ti€t § Bang 1.

3)
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Bdng 1. Théng s6 chi tiét vat liéu ABS

bat tinh vat li Giatr
Nhiét do hda thly tinh 100:C
(Glass Transition Temperature)
D6 dan nhiét (Thermal Conductivity) 1,8.104 (1/0C)
Modun dan hoi (Young Modulus) 2250 (Mpa)
Hé s6 Poisson (Poissons Ratio) 0,39
Khéi lugng riéng (Density) 1,02 g/cc
Nhiét dé nong chay thap nha
-|et d6 néng chay thap nhat 200°C
(Min melt temperature)
Nhiét dé nong cha hé
iét dd nong chay cao nhat 280°C
(Max melt temperature)
Toc do dong chdy I6n nhét
j 50000 (1/:
(Max shear rate) (1/s)
Ung suét trugt I6n nhét 300000 Pa
(Max shear stress)

2.4. Cai ddt va mé phong

Qua trinh phan tich dién nhya vao khudn dugc
thyc hién trén phan mém Solidworks. Viéc chia
1u6i phan tich dang thé tich, ki€u tam gidc vdi kich
thuSc 0,5mm dat duge 51188 nit va 232328 phian
tit. (Hinh 5)

Céc thong s6 cai dit moé phdng dién diy
dong nhya vao khuon va gitra 4p dudc trinh bay &
Béng 2.
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Hinh 5: Chia Iuéi trong phdén tich phun ép nhua

BAng 2. Théng s6 ¢d bdn khi cdi dét mé phéng

dién day va gili ap

Théng s6 cai dat md phong Giatn
Dang chia lugi (Solid Mesh; Triangle size) 0,5mm
Thdi gian dién day (Filling time) Auto
Diém chuyén tu trang thai dién day sang
trang thai nén (Flow/pack switch point in 100%
filled volume)
Pudng kinh céng vao vao 0,8mm
Ap suét khi trong long khuon
(ga?/lijt?/ InitiaIOAirg P(r)egsurz;) 0.1MPa
Nhiét do mdi trudng (Air temperature) 35°C
Thai gian gili ap ( Pressure Holding time) Auto

Trong nghién ctfu ndy, tdc gid chon cic thong s
vé nhiét d6 khuodn, nhiét d6 nhua, toc d6 dong
nhua. Nhiét d6 bé mit khudn chon tir 60°C; 85°C;
110°C; 135°C. B6i véi thong s6 nhiét do dong nhya,
tic gia chon mtc nhiét do 215°C; 230°C; 245°C;
260°C. Poi véi toc dd dong chdy dudc chon & cic
muc 30 cc/s; 35 cc/s; 40 cc/s; 45 ccls.

3. K&t qua va thdo luan

Nhura sau khi di tir may ép phun qua cudn phun,
sau d6 chay vao kénh din qua cdng d€ vao long
khudn dugc thé hién nhu Hinh 6. K&t qui md phdng
bi€n nhiét dd bé mit khudn trinh bay & muc 3.1, ddi
v6i bi€n nhiét d6 dong nhya trinh bay & muc 3.2 va
muc 3.3 1a trinh bay két qud cla bi&n t6c do dong
chay khi ép phun.

Hinh 6: Két qud phdn tich va déng di cta
nhua khi vao long khuén

|

3.1. Nhiét dp bé mdt khuon

D6i v6i md phdng nhiét dd khudn, nhiét do nhua
dugc duy tri & mic 230°C, van téc dong chdy & miic
30 cc/s. Khi nhya di vao long khudn thong qua hé
thong cudng phun va kénh din. Qua trinh di chuyén
s& bi mat nhiét do truyén vao khudn. Do d6, mot
phin nhya s& dong dic lai thAnh mang nhé va bi
dong nhya phia sau cudn di theo dong chdy. Khi
nhitng mang nhd nay giap nhau s€ tao nén dudng
han, nhiét do khuoén cang nho thi qué trinh nhya bi
dong dic sé nhiéu hon. Hinh 7 thé hién két qua mo
phdéng va phat hién dudng han d6i v6i sin phim
bing phAn mém Solidworks.

Béng 3 1a k&t qua ghi nhan dugc tir qué trinh mo
phdng ctia cdc nhiét @6 khuon khac nhau. Trudng
hdp s6 2 khi nhiét do khudén & mic 85°C c6 chiéu
dai dudng han ngidn nhdt véi 2,593 mm va géc
dudng han nhé nhat véi 112,62°. K& dén 1a trudng
hdp nhiét d6 khudn 1a 135°C, k&t qua 1a 4,647 mm
chiéu dai va 115,08°1a gid tri goc dudng han.

Trudng hdp nhiét do khudn & mic 110°C, k&t
qui md phdéng cling cho thdy chiéu dai § mic
6,203 mm va géc dudng han & mitc 119,61°. Cudi
cung 1a trudng hop nhiét @6 khudén 60°C c6 chiéu
dai 16n nhat 7,156 mm va géc dudng han & mic
116,56°. V6i két qua nhu vay, nhiét do khuon thay
ddi, chiéu dai dudng han va géc clia dudng han
ciing thay ddi. Nhiét d6 khudn cang 16n, xu huéng
dudng han cang nhd va géc dudng han cling c6 xu
hudng nhu vay.

3.2. Nhié¢t dp nhua

Qué trinh m6 phéng sy thay ddi nhiét do nhua,
nhiét do khudn dugc duy tri 8 mic 50°C, van tdc
dong chdy & mitc 30 cc/s. Hinh 8 12 két qud md
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Hinh 7: Két qué mé phdng vdi bién nhiét dé bé mdt khuén

deg
1165600

deg
1186100

| 1
i:::o I 71100 I 1s;seao ’
be Y h . Lx .
Truong hop 1 Truong hop 2 Truong hop 3 Truong hop 4
Bdng 3. K&t qud mé phdng déi véi bién nhiét dé bé mat khudn
STT Nhiét do khudn (°C) Chiéu dai dudng han (mm) Géc dudng han (°) Ghicha
Trudng hop 1 60 7,156 116,56
Trudng hgp 2 85 2,593 112,62
Trudng hgp 3 110 6,203 119,61
Trudng hgp 4 135 4,647 115,08
Hinh 8: Két qud mé phdng cua nhiét dé nhua
| Ll | 5 NN B
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BAng 4. K&t qud mé phdng déi v3i bi€n nhiét dd nhua

STT Nhiét do nhya (° C) Chiéu dai duong han (mm) Goc duong han (°) Ghi chd
Trudng hgp 1 215 5,354 114,54
Truong hop 2 230 4,112 111,49
Trudng hgp 3 245 5,856 112,96
Trudng hgp 4 260 5,056 118,39

phdng khi thay ddi nhiét do ctia dong nhua ABS

anh hudng t6i dudng han.

Bang 4 thé hién két qua cia mo phdng. K&t qua
clia dudng han c6 sy thay ddi chiéu dai tir 4,112 mm
t6i 5,856 mm, ti 1& ctia su thay d6i 42%. Pdi vé6i géc
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dudng han, thay ddi tir 111,490 t6i 118,390 va ti 1¢

thay d6i 6.2%. Nhin chung, nhiét do cia dong nhya

qua tot hon.

khac nhau s& cho két qui mo phdng khic nhau va
gid tri mod phdng nhiét do nhya & mic 230°C c6 két
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Hinh 9: Két qud mé phdng cua téc dé déng chdy nhua

deg
. 1184100

85,6800

72,9500

Truong hop 1 Trudng hop 2 Truong hop 3 Triong hop 4
BAng 5. K&t qud mé phdng ddi v3i bi€n van té¢c dong nhua
STT Van tdc dong nhua (cc/s) Chiéu dai dudng han (mm) Goc dudng han (°) Ghi cha
Trudng hop 1 30 5,893 118,41
Trudng hgp 2 35 4,315 119,26
Trudng hop 3 40 3,162 108,22
Trudng hop 4 45 3,162 96,85

3.2. Van toc dong nhua

Qué trinh md phéng su thay ddi van toc dong
nhya, nhiét d6 khuén dugc duy tri § mic 50°C,
nhiét d dong nhua truc vao khudn 1a 230°C. Hinh
9 1a két qud mo phdng khi thay d6i van toc clia
dong nhya anh hudng t6i dudng han.

Bang 5 thé hién k&t qua md phdng bi€n van toc
dong nhya. Trudng hop van tdc dong nhya & mifc
45 cc/s va 40 cc/s c6 chiéu dai bing nhau 3,162mm
va 12 ngin nhat. Tuy nhién, trudng hop s6 4 ¢6 gbc
dudng han nhd nhat v6i 96,85°, trudng hop s6 3 ¢6
gbc dudng han 16n hon véi gia tri 108,22°.

Trudng hgp s6 1 ¢6 chiéu dai 16n nhat 5,893mm
va gbc dudng han 118,41°. Nhin chung vin toc
dong chdy 4nh hudng rat 16n, van téc cang 16n thi
chiéu dai va géc dudng han cang nhd.

4. K&t luan

Bai nghién cifu ndy da trinh bay va thio luan vé
dnh hudng clia thong s& nhiét do khudn, nhiét do
nhua va van t6c¢ dong nhua ABS t6i dudng han cia
san phdm Logo bing phan mém SolidWorks. K&t

qué chitng minh, c4c bié€n thi€t k& déu dnh hudng
tdi chiéu dai va géc dudng han. V6i trudng hdp
nhiét do khuon, gid tri t8i uu nhat khi c6 k&t qua
chiéu dai dudng han dat 2,593mm va géc dudng
han dat 112,62° khi nhiét d6 khuén & mdic 85°C.
Trong khi xét dén nhiét do dong nhua, trudng hdp 2
¢6 chiéu dai bé nhit v6i 4,112 mm va géc dudng
han 111,49°. Cudi cung 1a yé&u t& van toc dong
nhura, trudng hgp 3 va 4 ¢6 chiéu dai dudng han bé
nhat v6i 3,162mm. Ciing tif trudng hgp nay thay
dugc van tdc dong nhua cang 16n thi chidu dai va
géc clia dudng han cang bé. Pic biét, khi van tdoc
nhua tir 40 cc/s trd 1én, dudng han gan nhu khong
thay d6i vé chiéu dai. Qua nghién citu nay, c6 thé
thi'y cdc bi€n nhiét do nhya, nhiét do khudn va van
toc dong nhura ¢6 sy anh hudng dang ké t6i khuyé&t
tat dudng han. Phuong phap st dung phan mém dé
phén tich (CAE) cting mang lai cho ching ta nhitng
lgi ich nhat dinh trong qua trinh du bao khuyét tat
dudng han. Qua d6, gitp toi uu héa thdi gian va chi
phi cho cong viéc thi€t k€ khudn phun ép B
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ABSTRACT:

The injection molding process of plastic products is a complicated process with many
potential defects, such as warpage, short shot, and burning. During the injection molding
process, the weld line defect occurs when two plastic flows meet. This defect reduces the
durability of plastic products. Many researchers are interested in the treatment of weld line
defects. There are many parameters that affect the weld line, including the mold surface’s
temperature, the plastic temperature, and the plastic flow velocity. These three parameters
significantly impact the weld line’s size and angle. In this study, SolidWorks software was used
to simulate the injection molding process and identify weld line defects. The simulation results
show that the plastic flow velocity has the strongest impact, with a stable characteristic, on the
injection molding process. Meanwhile, the mold surface’s temperature and the plastic
temperature have lower impacts.
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