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TOM TAT

Trong cong nghé phun ép nhwa, nhiét d6 khuén c6 anh huong truc tiép dén do co
rit ciia san pham nhét 12 voi cac san pham thanh mong, san pham dang tdm. Céc nghién
ctru lién quan hau hét tap trung nghién ctru d6 co rut ciia san phim ¢ mirc nhiét d6 khudn
khoang 40°C — 120°C, trong khi d6 anh huéng ciia nhiét do khuon ¢ cac mirc nhiét thip
hon chua duoc danh gia ddy du.Nghién ctru nay duoc thuc hién nham danh gia co rat cua
mau san pham nhya dang tim méng khi dan nude cé nhiét d6 tir 5°C — 30°C, va nude c6
nhiét d6 cao hon tir 35°C — 90°C qua kénh lam mat dé thay doi nhiét do cua khuon ép,
trong khi cac théng sd phun ép dugc gitr khong ddi. Két qua nghién ctru cho thay bang
cach duy tri mtrc nhi¢t do 1am mat khudn trong khoang 10°C — 30°C thi d§ co rut cta san
pham giam dang ké.

Tur khoa: Cong nghé ép phun; nhié¢t do khuon; diéu khién nhiét do khuén; co rat va
cong vénh.

ABSTRACT

In plastic injection molding technology, the mold temperature has a direct influence
on the shrinkage of the product, especially for thin-walled products and sheet products.
Related studies have mostly focused on product shrinkage at mold temperatures of
about 40°C — 120°C, while the influence of mold temperature at lower temperatures has
not been fully evaluated.This study was carried out to evaluate shrinkage of thin sheet
plastic product samples when conducting water with temperature from 5°C — 25°C, and
water with higher temperature from 30°C — 90°C through cooling channel to change the
temperature. of the injection mold, while the injection parameters are kept constant. The
study results indicate that by maintaining the mold cooling temperature within the range
of 10°C — 30°C, the shrinkage of the product significantly decreases.

Keywords: Injection molding,; mold temperature; temperature control injection mold;
shinkage and warpage.
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1. GIOI THIEU

Trong mdt chu ky phun ép thi su co
riit bat dau xuét hién khi két thuc giai doan
dién day cho dén khi nhiét do san pham vé
bang nhiét @6 moi truong. Trong giai doan
giai nhiét, nhua chuyén tir trang thai long
sang ran sy co rit dién ra manh mé& nhung
bi gidi han bdi khong gian 1ong khudn. Sau
khi m& khudén do su chénh léch nhiét do
gitta san phdm va nhiét d6 moi truong qua
trinh co rat tiép tuc dién ra. Goi n 14 yéu t6
anh hudng dén do co rut, ta co:

77=AT=(TP—TR)’

Trong do:
T, . .
P: nhiét do san pham (°C)
R : nhiét 36 moéi truong (°C)

Gid st mot chu ky phun ép c6 thoi gian
chu ky 20s; nhiét d6 khuén 200°C; nhiét
d6 nude lam mat ¢ hai muac: 30°C va 15°C
Anh huong cua nhiét d0 md khuon dén do
co rut cua san pham co6 thé dugc thé hién
qua biéu d6 hinh 1:
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Hinh 1. Anh huéng cia nhiét d6 khuén dén dé co rut
ctia san phdm

Do d6, theo ly thuyét trén néu trong
cung thoi gian chu ky phun ép, néu nhiét
khuon & murc cao thi nhiét dd mé khuon sé
16n hon, kha nang anh huong dén do co rut
ctia san pham s& 16n hon so véi murc nhiét
d6 khuon thip hon dan dén cong vénh cua
san pham s& tang theo.
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Su cong vénh c6 nhiéu nguyén nhan
khac nhau nhung chu yéu do su bién ddi
trong qué trinh co rut cta san pham nhuya.
Mot giai phap duoc thuc hién 1a phan tich
va md phong phan bd nhiét d6 cua khudn
am va duong, sau d6 thiét 1ap nhiét do lam
mat doc lap cho hai tAm khuon thay vi cai
dat mot nhiét do lam mat chung cho ca
hai [1]. Két qua thi nghiém va mé phong
cho thiy cong vénh giam dang ké so vai
phuong phap 1am maét truyén théng. Tuy
nhién c6 thé thdy phuong phap nay khé ap
dung vi khé khan trong kiém soat nhiét do
ctia ting tAm khuon.

Trong nghién ctru Shia - Chung Chen
va cac cong su da tim mdi twong quan giita
nhiét d§ khuon, thoi gian chu ky va thoi
gian tré ciia xung 1am mat v&i do chinh xéc
dd sau va do trung ldp cua rdnh micro trén
dia Blu-ray [2]. Thi nghiém thuc hi¢n trén
4 murc nhiét d6 khuon 20°C, 25°C, 35°C va
50°C cung v6i nhiét do nude [am mat dugce
giam xubng con 32°C nhd phuong phap
xung dong dong chay thay vi 40°C nhu
phuong phap thong thuong. Cac két qua
cho thiy phuwong phap nay da giup giam
dang ké do cong vénh cua dia blu — ray va
chét luong cac ranh micrd trén bé mat dia
cling duogc cai thién dang ké.

Mot nghién ctru trén vat liéu nhya ABS
nham danh gia chét luong bé mat cua san
pham sau phun ép bang k¥ thuat ép phun
c6 chu ky nhié¢t nhanh (RHCM) [3]. Theo
d6 1ong khuon duoc gia nhiét nhanh dén
100°C, sau giai doan phun ép long khuon
dugc lam mat nhanh bang nude véi mirc
nhiét 30°C. Két qua nghién ciru cho thay
viéc gia nhi¢t va lam lanh nhanh chdng trén
bé mit khudn dan dén su cai thién déng ké
d6 bong bé mat san pham. Diéu nay chi yéu
12 do nhiét 46 bé mit long khudn cao c6 thé
ngan chdan nhya dong dac qua som trong
giai doan dién day va dinh hinh. Dong thoi
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cho thay thoi gian chu ky giam 16s so voi
phuong phap phun ép truyén théng.

Mit khéc, viée bd tri cac kénh lam
mat va hinh dang kénh trong khuodn c6 lién
quan dén muac do co rat cua vat liéu nhya.
Tac dong cua vi tri va hinh dang cac kénh
1am mat d6i vé6i ty 18 co rat va phan phbi
nhiét dJ cua vat liéu polystyrene (PS) duoc
tién hanh trong qua trinh 1am mét cta quy
trinh ép phun, két qua thuc nghiém duoc
so sanh vai két qua tir mo hinh toan hoc
cho thdy kénh 1am mat c6 hinh dang giéng
v6i san pham thoi gian 1am mat dugc cai
thién. Tuy nhién thoi gian lam mat ti thicu
khong dong nhit véi viéc phan bd nhiét do
déu trén san pham [4], [5].

Cac nghién ctru trude ddy cho thay
nhiét d§ khuon cé anh hudng truc tiép dén
d6 co rut cua san pham, tuy nhién chua cé
cac nghién ctru vé anh huong cia cac mirc
nhiét do thép dén su co rut cua san phém
dang tam. Trong nghién ctru nay, mot hé
théng diéu khién nhiét d6 khuon gém mot
may lam lanh nuéc va mot may gia nhiét
nuée s& duoc st dung dé din dong nudc
co6 nhiét do tur 5°C+90°C qua kénh lam mat
ciia khuon nhiam dat duge nhiét d6 khuon
0 cac murc nhiét khac nhau. Qua trinh thyuc
nghiém s& tién hanh phun ép véi cac muc
nhiét d6 khudn nay trong khi cac thong sb
phun ép con lai duoc gitr khong d6i. Qua
trinh phan tich nham d4nh gia déng thoi
chirng minh anh huong cia nhiét do khuon
dén sy co rat ctia san phdm thi nghiém.

2. MO TA THi NGHIEM VA MO
PHONG

2.1. M hinh, thiét bi thi nghiém

Mot mé hinh san pham dang tim c6
kich thudc 100x30x1,5mmm (trong doé
2 kich thuéc 90mm va 20mm duoc thiét
ké dé do gia tri co rut kich thudc cta san
pham) nhu hinh 2.1
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Hinh 2.1. Mé hinh sén phdm thi nghiém

Nhya ABS duoc st dung trong thi
nghiém day la loai nhya dugc tng dung
nhiéu trong san xuat cac san phim nhu linh
kién dién tir, vién thong, dién lanh, cong
nghiép 6 t6,...Hé s6 co rut ciia nhya ABS
vao khoang 0,4% — 0,9% nam ¢ mirc trung
binh so v&i cac loai nhya thong dung khéc
nhu PP, PA,...O diéu kién nhiét do thap,
tinh chit vat Iy cta nhya ABS it thay doi
ma chi anh huéng dén su 6n dinh kich
thude.

May lam lanh va may gia nhi¢t nudc
c6 chirc nang diéu khién nhiét d6 nude &
cac muc nhiét tir 5°C-+90°C trude khi duoc
dan qua kénh 1am nguoi cta khudn dé xac
1ap nhi¢t d§ khudn khi thyc nghiém.

B khuon ép dugc st dung 1a bd khuon
hai tim c6 két cdu tdm khuon duong nhu
hinh 2.2. Kénh dan nudc duoc bd tri song
song v6i bé mat 16i khuon. Tiét dién kénh
dan nudc va khoang cach giita kénh dan véi
thanh san pham thiét ké theo tiéu chuan.

Tién hanh din dong nudc mang nhiét
qua kénh 1am mat ctia khuén, thyc hién do
nhiét d0 khuon nhu hinh 2.3. Ghi nhan cac
gia tri nhi¢t do khuon dat dugc lam thong
s6 cho qua trinh m6 phong va thi nghiém
ép.
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Hinh 2.2. Két cdu tdm khuén duong

Vi tri dat cam bién
do nhiét dé khuén

Hinh 2.3. Do nhiét d6 khuén
2.2. Mo phéng

Qua trinh mdé phdéng dugc thuc hién
trén phan mém Moldex3D theo cac thong
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s& phun ép nhu qua trinh thuc nghiém.
Gia trj co rat cua san pham theo phuong X
(kich thudc A) va phuong Y (kich thude B)
(hinh 2.4) dugc tong hgp dé so sanh voi ket
qua thuc nghiém. Céac diéu kién bién trong
mo phong nhu sau:

S6 phan tir chia ludi: 104347

S6 diém chia: 128132

S6 long khuén: 1, thé tich long khuén
4,64083mm?

Vit liéu nhya: 1 loai (ABS)

S6 kénh 1am mat thanh phan: 4

X B

e

4 Y
Hinh 2.4. Kich thuéc mé phéng va kiém tra
cta san phdm

3. KET QUA MO PHONG VA
THUC NGHIEM

3.1. Két qua do nhiét d9 khudn

Thyc nghiém véi cac muc nhiét do
nuodc tu 5°C — 90°C. Thoi gian gia nhiét
hodc lam lanh khuon trong 600 gidy va ghi
nhan nhiét do thyc té trén khuon ép.

Bang 3.1. Két qua do nhiét khuén

TT Nhiét do nudc Nhiét 3o khudn TT Nhiét @6 nudéc | Nhiét do khudn
“C) C) C) C)
1 5 11 10 50 50
2 10 16 11 55 55
3 15 20 12 60 60
4 20 24 13 65 65
5 25 27 14 70 70
6 30 30 15 75 73
7 35 35 16 80 77
8 40 40 17 85 82
9 45 45 18 90 86
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Nhiét do thuc té dat duge cua khudn Bang 3.3. Thong $0 phun ép
chénh 1éch tir 0°C dén 5°C so véi nhiét do VS S
nude dugce cai dat va 1éch khoang 3°C dén ong so phun cp
5°C so voi tinh toan, day la gid tri chap Loai nhira ABS_
nhan duge ddi véi thye nghiém gia nhiét I Polylacpa709
bang nudc. Thoi gian dién day 0,5s
3.2. Két qua md phéng Nhi¢t d nhya : 230°C
, P A4 s L, Lan luot la: 11°C,
Bang 3.2. Két T;?l m}?ﬁﬂwng co rut cia 16°C, 20°C, 24°C.
P 27°C, 30°C, 35°C,
o Gia tri co rit Nhiét do khuén 40°C, 45°C, 50°C,
TT kilh}d (dg) ctia sin phim 55°C, 60°C, 65°C,
uon (° N 0 o
A (mm) B (mm) 70°C, 73°C, 77°C,
1 N 0329 | 0,666 _ 82'C, 86°C__
2 16 0,333 0,682 ?E:S;l,a;lpiun 4 86402125/?11 5)
¢ tich phun , mm
3 20 0,332 0,680
2 24 0’332 0,683 Thoi gian dinh hinh 5s
’ : Ap suét bao hoa 60 Mpa
> 27 0334 | 0,688 Thoi gian lam mat 113s
6 30 0,338 0,704 Thoi gian mé khudn 2s
7 35 0,341 0,714 Chu ki 1 1an ép 18,8 s
8 40 0,340 0,714 L o o o
9 45 0.342 0.721 ’ Kit quJ, do g:a tr1 co rut kl?h tl}uo'c ‘FrAen
cac mau san pham thu dugc ¢ thi nghiém
10 50 0,343 0,730 \ . \ , .
nay dugc trinh bay qua bang 3.4:
11 55 0,348 0,748 o
Bang 3.4.Gia tri co rut kich thudce cua
12 60 0,350 0,756 \ 2
san pham
13 65 0,357 0,783
14 70 0.359 0,788 N K1cl(1 thu:)oc A K1clz thu;yc B
ié ié mm mm
15 73 0,359 0,790 & | d | Kich o Kich
16 77 0,362 0,798 mude | khuon | thude | - 1 thuoe | Gid tri
17| 82 0,363 0,805 (0) | (O) | san | O sin | corat
18 86 0,365 0,816 pham pham
. 5 11 119,670{0,330(89,332| 0,668

Céc thong s6 phun ép duoc trinh 15 20 |19,6700,330(89,326| 0,674

bay ¢ bang 3.3. Thuc nghiém s€ duoc thuc 20 | 24 [19,666|0,334 (89,310 0,690
hien vO1 18 mite nhict 4o khuon tr 11 a5 127 [19.664[0336[89.312] 0.688
e o0 ket At Fo D €0 KON 130 | 30 [ 19,666 | 0,334 [89,298] 0,702

dugc trinh bay ¢ phan 3.1 con cac thong sb
phun €p con lai dugc gitr khong doi. 35 35 [19,6600,340 | 89,292 0,708
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40 | 40 |19,6600,340|89,288| 0,712
45 45 119,656 0,344 189,276 0,724
50 50 |19,6580,342|89,260| 0,74
55 55 19,648 0,352 (89,244 | 0,756
60 60 |19,642]0,358|89,236| 0,764
65 65 |19,642]0,358|89,214| 0,786
70 70 119,6380,362 (89,204 | 0,796
75 73 119,63410,366 89,189 0,811
80 77 119,630(0,370|89,180| 0,820
85 82 19,628 10,372 |89,174| 0,826
90 86 |19,622|0,378 (89,169 0,831

Xu ly s lidu thuc nghiém voi kich
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thuéc mau n = 18, kiém dinh gia thuyét
ctia md hinh hdi quy véi muc ¥ nghla 5%,
phan tich tuong quan dé tim mdi lién hé
gitra nhi¢t do khuon va gid tri co rut ciia san
pham. Pat X 13 bién nhiét d6 khuén (°C),
Y 1a bién gia tri co rit kich thudc ciia san
pham (mm). Phan tich sb liéu ta c6 duoc
v6i kich thudc A duong cong bac 2 thé hién
su thay doi gia co rut kich thudc cua san
pham theo nhiét d6 khuon 1a

Y = a+ bX + cX? = 0,3287 + 0,000131X +
0,000005x2 Ti sd tuong quan 1 thé hién
mdi quan hé giira bién nhiét d6 khuon va
su thay doi gia tri co rit ciia san phdm duoc
xac dinh nhu sau:

2

SV — Svx
n=|l— = |1-
SY

N
sz

?=1 (Yl - YX)

—\2
?:1(Yi - Y)

n
Z(y YX) — 0,000094

Z(Yi ~7)" =0,0043
i=1

Viy ti s6 trong quan cia mo hinh 1a:

_ |, _ 0000094
n= 00043

17 =0,98 cho thdy gi4 trj co rut kich thuée
ctia san pham c6 lién quan mat thiét véi su
thay d6i nhiét d6 khuén ép. Biéu do hinh
3.1 cho thdy do co rat clia san pham ting
theo sy thay doi nhiét d6 khuon. Diéu nay
chtrng minh khi str dung kénh dan lanh s&
han ché d6 co rut ciia san phdm nhya. Phan
tich sb liéu cua kich thuéc B cho két qua
tuong tu voi duong hoi quy thé hién méi
lién hé gitra nhiét 46 khudn va gia tri co rat
ctia san pham theo kich thudc 1a:

1A/ =0,6581 + 0,001181X + 0,00001Xx2. Ti Sé
tuong quan cho mdi lién hé nay 1an = 0,98,

16

duong dién bién do co rut ciia san pham
ung voi cac gia tri nhiét do khuodn thé hién
qua hinh 3.2.

0.384

Y = 0.3287 + 0.000131 X + 0.000005 X**2

= =]

W w

< <

~ =]
1

0.366

0.360+

0.3544

0.348

0.3424

Gia trj cong vénh trung binh (mm)

0.336

0.3304

T T T T T T T T T T T T T T T T T T T T
0 5 10 1520 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
Nhiét dé nudc (oC)

Hinh 3.1. Quan hé giira nhiét d6 nudc thi nghiém va

gid tri co rit kich thuéc A cia san phdm
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0.850
Y = 0.6581 + 0.001181X + 0.00001 X**2
0.825
0.800
0.7754
0.750

0.725

0.700

Gia tri cong vénh trung binh {mm)

0.6754

0.650

II) 5| 1ID 1|5 Zb 2|5 Sb 3|5 4ID 4‘5 SID 5‘5 ﬁb 6|5 7b 7‘5 BID 8‘5 9‘[) 9|5
Nhiét dé nu'dc (oC)
Hinh 3.2. Quan hé giira nhiét d6 nuéc thi nghiém va
gid tri co rut kich thudc B ctia san phdm
So sénh gitra thuc nghi€ém va mé phong
c6 thé thay gia tri co rut chénh 1éch khong
qué 16n, duong dac tinh cua dd thi co su
tuong dong. D6 vai kich thude A gia tri co
rit chénh léch 16n nhét 1a 3,4% & nhiét do
khuon 86°C, con véi kich thude B chénh
1éch 1a 2,7% & nhiét d6 khuon 77°C. Day la
gia tri chép nhén dugc trong thuc nghiém,
su chénh léch 16n xay ra chu yéu tir mirc
nhiét d6 nudc khoang 50°C dén 86°C do
khi gia nhiét & muc nhiét nay nhiét do
khuén tang cao va thiéu on dinh.

0.385

0.380 -

0975.] --u-- Mé&phdng
T ] —e— Thinghiém
E o370
o -
‘D 0365 . . =
£ Kénh danlanh ' Kénh dan nong s
< 0.360 -+ »
S
£ ]
:é 0.355 o
8 0.0
@ 0345
(U] 4

0.340 4

0.335 - A

1 L7
0.330 4
0.325 T T T T T T T T

0 10 I 20 30 40 50 60 70 80 90 I 1[;0
Nhigt a6 nwérc (0C)

Hinh 3.3. Két qud so sdnh giita mé phéng va thuc
nghiém caa kich thuéc A
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0.84 4

- ===~ Mé phdng -
082 - —=— Thi nghiém -
..'

£ 080 i i
£ Kénh dinlanh | Kénh dinnéng
o 078 |
Y
=]
£
= o076+
=
a2
5 074
o
- 072
- .
o 070 -

068  m-ufT

066 -|

T T T T T T T 1

0 10 20 30 40 50 6‘0 70 80 90 100
Nhiét 66 nwére (°C)

Hinh 3.4. Két qud so sdnh giita mé phéng va thuc

nghiém cua kich thuéc B

4. KET LUAN

Két qua thuc nghiém cho thdy véi cling
mot thong s6 phun ép, do co rat ciia san phim
giam khi sir dung kénh dan c6 nhiét do thap.
Phan tich két qua do kich thudc A cho thay
khi giam nhiét do khuon 1°C thi d6 co rut s¢
giam sép xi 0,00014 mm theo kich thudc A
va 0,0012 mm theo kich thudc B. Gia tri co
rat trung binh kich thudc A khi phun ép voi
nhiét do khuén tr 11°C — 27°C 1a 0,332mm
0 vai gid tri co rut trung binh khi phun ép voi
nhiét do khudn tir 40°C — 60°C 1a 0,347mm
giam 4,3%; so voi nhiét do khuon tir 70°C —
86°C 1a 0,370mm giam 10,3%. Tuong tu voi
kich thuéc B cac gia tri nay 1an luot 14 8,1%
va 16,9%. Két qua nay cho thay:

- Khi phun ép v6i nhiét do khuon thap
tor 10°C — 30°C da dat duoc hi¢u qua lam
gidam sy co rit cuia san pham, dong thoi
van dam bao cac qué trinh phun ép va chit
luong ctia san pham nhya dang tam.

- Khi nhiét d¢ khudn tang cao, su co
rut dién ra manh va thiéu on dinh.

- Str dung nudc dé gia nhiét va lam
lanh khuon c6 thé dat duoc yéu cau nhung
con co su chénh nhiét 16n va kho lam giam
nhiét d6 khudn & cac mirc nhiét thap.
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