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TOM TAT 

Trong nhiing nam gan day, ngay cang co nhilu kt thuat mdi dugc iing dung frong cong 
nghf due phun nhya (Injection molding). Trong do, phuang phap lam nguoi theo xung dgng 
dong ehay (Pulsed cooling) dugc iing dung nhim nang cao hieu suit lam ngudi frong qu^ frinh 
due phun, cung nhu rut ngin thdi gian gia cong san phim. Tuy nhien, do he thing nay kha phirc 
tap, ciing nhu anh hudng ciia qua hinh lam nguoi doi vdi khudn va san phim vin chua dugc 
nghien ciiu r5, vi vSy, dieu chirih cac thong so ciia qua frinh lam ngugi theo phucmg phap gian 
doan van cdn la bai toan khd ddi vdi ngudi van hanh may due phun. Trong bai bao nay, thdng 
qua phuong phap mo phdng, anh hudng ciia cac thong sl frong qua trinh lam ngupi theo xung 
dpng dong ehay bao gdm: thai gian Iam ngupi, nbift do nudc lam ngu6i, va nhift dg khuon se 
dugc nghien ciiu. Ngoai ra, bang thuc nghif m, cac thong sl fren se dugc kilm chirng vdi kit qua 
mo phdng. 

Tir khda: khudn due phun nhya, qua trinh lam ngupi theo xung ddng, nhift dp khudn. 

1. T 6 N G QUAN 

Trong cdng nghf gia cdng san pham nhya bing phuong phap due phun, nhiet do be mat 
long khudn la mpt frong nhirng thdng sd quan frgng, anh hudng tryc tiep din chit lugng san 
phim nhya. Khi diic phun vd! nhiet dp bl m?t khudn cao, chat lugng san pham se dugc nang cao 
dang ke, tuy nhien, thdi gian lam ngugi, cung nhu thdi gian gia cdng san pham se tang dang ke. 
Ngugc ]^i, neu giam nhift dp be mat khudn frong qua trinh due phun, thdi gian lam ngupi cd the 
dugc nit ngin, nhung chit lugng be mat se giam ho§c cac khuylt t |t ciia san pham diic phun se 
xuit hien nhieu han. Do do, viec nit ngan thdi gian chu ki due phun nhung van dam bao chat 
lugng san pham la van d% dugc dat ra cho cac nghiSn ciiu ve khu6n due phun ndi chung va qua 
trinh dilu khiln nhift dd cho khudn noi rieng. 

Vdi qua trinh lam ngugi cho khudn diic phun, hifn nay co hai phuong phap Iam ngupi 
chinh [1]: lam ngugi lien tuc (phuong phap fruyin thong - Traditional cooling) va lam ngugi 
theo xung ddng ddng ehay (Phuang phap mdi - Pulesd cooling). Khi lam ngugi theo phuang 
phap lien tuc, nudc lam nguOi se ehay lien tyc frong cac kenh lam ngugi ciia khudn. Do dd, nhift 
dp ciia nudc thudng dugc chgn bing vdi nhift dp yeu ciu ciia khuon. Ngugc lai, vdi phuong 
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phap lam ngupi theo xung dgng ddng ehay, nudc sg dugc dilu khiln theo 2 frang thai: ehay 
frong kenh lam ngudi va dimg lai frong nhihig khoang thdi gian nhit djnh ciia qua trinh diic 
phun. Nhin chung, frong cac nghien ciiu trudc day, phuang phap lam nguO' theo xung d^ng 
dong ehay co kha nang riit ngan thdi gian l^m ngu5i nhung nhiet dd bl mat khuon van dugc giif 
d miic cao. Ngoai ra, tdng nang lugng tieu hao ciia hf thing se dugc giam dang ke [2 - 4], 
Trong nghien cihi ciia Chen S. C. [5], khi nhya Polycarbonat (PC) dugc sii dung cho qua trinh 
diic phun, phuang phap lam ngugi theo xung dgng dong ehay co the nit ngin 20 % thdi gian chu 
ki so vdi phuang phap truyen thong do nhiet dg nudc dugc giam tir 40 °C xudng 32 °C. Ket qua 
nay dugc thyc nghiem kiem chiing fren nhieu loai be mat san pham khac nhau, iing vdi nhieu 
nhift dp khac nhau ciia nudc lam ngugi va bin miic nhiet do khudn: 20 °C, 25 °C, 35 "C va 50 
°C [5]. Ngoai ra, phuang phap lam ngupi theo xung dgng ddng ehay cung dugc ap dung cho 
khuon phun ep (Injection - Compression Molding) frong he thing chi tao dTa CD (Blue-ray 
disc). Ket qua cho thay he thong lam ngupi theo xung dpng ddng ehay cd the giam cong venh 
cho dTa sau khi gia cdng, va chit lugng cac ranh micro fren bl mat dTa ciing dugc cai thien dang 
ke. Ngoai ra, so vdi phuong phap Iam ngupi truyin thing, trong phuang phap lam ngupi theo 
xung dpng dong ehay, khi nhiet dp diu vao cua nudc lam ngupi giam 8 °C (tir 40 °C xuong 32 °C) 
va thdi gian lam ngupi dugc nit ngin 10 % [6]. Trong nghien ciiu gin day nhat dugc thyc hien 
bdi cong ty Moldex3D, vdi phuong phap mo phong va thuc nghiem, qui trinh lam ngupi theo 
xung dpng dong ehay cho khuon diic phun nhya da dugc ap dung va nhiet dp khudn co thi nang 
cao them 5 °C [7]. 

Nhu trinh bay fren, phuang phap fruyin thing cd cac uu dilm nhu: nhift dp khuon In djnh 
va nudc Iam ngugi ehay lien tuc frong kenh lam ngupi ciia khuon. Nlu frong qua trinh lam ngupi, 
nudc nay dugc diing lai, nham thoa man cac yeu ciu ciia qua frinh lam ngupi, mot hoac ca hai 
dieu kifn sau se phai xay ra: 

(1) Thdi gian lam ngudi se gia tang dl nhift dp nhya dat din nhiet do md khuon. 
(2) Nhiet dp nudc phai thap hon nhiet dp khu6n nhim nang cao hifu suit lam ngudi. 

Vdi dieu kifn (1), neu gia tang thdi gian lam ngudi, thdi gian chu ki cua san phim se tang 
them. Day la dieu kien bit kha thi frong cac iing dung thya tl. Do dd, nlu mu6n iing dyng 
phuong phap lam ngupi theo xung dgng ddng ehay nhim nang cao hifu suit lam ngupi, nhift dg 
nudc lam ngudi phai thap hon nhiet dp khuon. Tren co sd nay, vdi cung hf thing frang thilt bj 
va dilu kien ciia ddng ehay (tic dp, ap suit, dp nhdt ddng ehay,...) nhimg dilm nii bat ciia 
phuang phap lam ngugi theo xung dpng ddng ehay so vdi phuong phap truyin thing la [3, 5]: 
nhift dg nudc lam ngugi tiilp han nhiet dg khuon v^ thdi gian lam ngupi se ngin hon. Trong 
nghien ciiu nay^ nhiet dp nudc Iam ngugi va thdi gian lam ngupi sg dugc dilu chinh nhim thda 
man nhift d6 be mat khudn tucmg ty nhu phuang phap fruyin thdng. Ben canh dd, cac thong so 
ve thdi gian lam ngugi, thdi gian nudc ehay va nhiet dg khudn cung se dugc quan sat, ghi n h ^ 
va so sanh. 

2. DINH NGHIA VA ANH IRrdNG CUA CAC THONG SO 

Trong bai bao nay, 3 tiidng sl chinh cua qua trinh lam ngupi theo xung ddng ddng ehay 
(hinh 1) se dugc nghien ciiu: 
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Hmh L Chu ki diic phun nhua vdi phuong phSp lam ngu^i Hen tyc va lam nguf i dieo xung 
dpng dong ehay. 

2.1. Thdi gian ehay ciia nudc lam nguoi (Coolant Flow Time - CFT) 

CFT la 1 phan cua tiidi gian lam ngupi frong chu Id gia cong san phim nhua. Doi vdi 
phuang phap lam ngupi fruyin thong, do nudc lam ngupi luon ehay frong hf thing kenh lam 
ngupi, do dd, CFT chfnh la thdi gian lam ngupi ciia toan chu ki gia cdng san phim nhya. Ngugc 
Isii, vdi phuang phap lam ngupi theo xung dpng ddng ehay, frong suit qua frinh due phun, nudc 
lam ngudi se cd 2 frang thai: ehay va diing (li dpng) frong cac kenh lam ngugi nay. Do dd, frong 
nghien ciiu nay, CFT dugc dinh nghTa la thdi gian nudc lam ngupi ehay frong hf thong cac kenh 
Iam ngudi de lam ngupi, dong cung nhya nong ehay va giu gia fri nhiet do khudn theo ySu ciu. 
Khi sii dyng phuang phap lam ngugi theo xung dpng dong ehay, neu CFT qua dai, phan nhiet 
nSng dugc nudc hap thu va mang ra khdi khuon se vugt qua gidi hgn cho phep, dilu nay se lam 
nhiet dp khuon giam theo tiing chu ki san phim, neu qua trinh nay tiip tuc, nhift dO bl rmit 
khuon se thSp ban gia frj cho phep. Ngugc lai, neu CFT khdng dii, nhift nang dugc truyen ra 
ngoai se khong thda man cho qua trinh Iam ngupi cua mpt chu Id san pham, vi vay, sau mdi chu 
Id diic phun, nhiet nang frong khudn se tang len, va nhift dp ciia khudn se gia tang, vugt qua gidi 
hgn cho phep ciia qua trinh due phun. 

2.2. ThM gian Iam ngugi (Cooling time) 

Khi lam ngudi cho khudn diic phun theo phuang phap truyen thong, nudc lam ngugi se luu 
thflng lien tuc tiong kenh lam ngupi. Nhiet lugng se ttiayln tu nhya ndng sang khuon thong qua 
be mat long khuon, sau dd, toan bg lugng nhift nay se dugc truyen sang nudc lam ngugi thdng 
qua qua trinh ddi luu nhift giira be mat kenh lam ngugi va nudc lam ngupi. Khi nudc lam ngupi 
dugc dua ra ngoai khudn thdng qua bom, lugng nhift nay se dugc thai ra moi trudng thdng qua 
nudc lam ngupi. Vdi qua trinh lam ngugi truyen thong, nudc lien tyc ehay frong hf thong cac 
kenh lam ngupi nen qua frinh truyen nhift nSng tii nhya ndng ehay sang vgt lifu khudn va dugc 
dua ra ngoai se dugc thyc hifn lien tyc. Vi v|iy, phuang phap nay cdn dugc ggi la "lam ngugi 
lien tuc". Ngugc vdi phuang phap lien tuc 1̂  phuang phap Iam ngupi theo xung dpng ddng ehay. 
Trong phuang phap Mm ngugi theo xung dgng ddng ehay, tuong ty nhu phuong phap "lifn tyc", 
qua trinh nhift nang fruyen tii nhya ndng ehay sang vat lieu khuon van mang tinh "lien tyc" do 
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frong suit chu ki diic phun, nhua va vgt lifu khudn luon tiip xiic nhau thdng qua be mat long 
khudn. Tuy nhien, qua trinh truyin nhift tir tim khudn sang nudc lam ngupi dugc chia thanh 2 
frang thai: 

• Khi chit lam ngupi luu thdng trong kenh lam ngupi, nhift nang se truyin tir khudn sang 
nudc thdng qua qud trinh dii luu nhift tai b l m?it tilp xiic. Lugng nhiet truyin tii khudn sang 
nudc dugc titih theo cdng thdc [8]: 

Q = Ct(_tc-t^) (1) 

Vdi: q : Dong nhift hiiyln tir khu6n sang nudc lam ngupi (W/m^), t^: Nhift dp tai thanh ciia 

kenh lam ngugi ("C), tf: nhiet dp nudc lam ngupi (°C), a: he so frao doi nhiet tgi thanh kenh dan 

nhiet (W/m^^C). 

So vdi phuong phap lien tuc, thdi gian ehay cua nudc lam ngupi ngan ban, do do, de dam 
bao lugng nhift cin fruyin ra ngoai tuong ty nhu (jua tnnh I^m ngupi lien tyc, ddng nhiet fruyin 
tir khu6n SMig nudc frong trudng hgp gian doan can dugc gia tang. Theo cdng thiic (1), de tang 
q, ta cd the tang hifu suit hip thu nhift doi luu (ff) hoac tang dp chenh lech nhift do giiJa bl mat 
thanh kenh lam ngupi (t^) va nudc lam ngupi (tf). De tang a, van t ic nudc lam ngudi se phai 
gia tang. Tuy nhien, do gidi ban ciia frang thiet bj, cung nhu muc tieu tilt kif m nang lugng tiong 
qua trinh san xuat, day la giai phap khdng kha thi. Do do, d8 tang dong nhift tii khuon sang chat 
lam ngugi khi thdi gian ehay cua nudc dugc nit ngin, each duy nhat la: tang dg chenh lech nhift 
do giifa bl mgt thanh kenh lam ngupi (tc) va nhift dp nudc (tp). Trong 2 thdng so nay, nhift dg 
bl m§t thanh kenh lam ngupi (tc) dugc quylt djnh bdi nhift lugng truyen tii nhya ndng frong 
long khudn. Do dd, sy thay doi ciia tc rat khd cd the dieu chinh theo yeu cau ciia qua frinh lam 
ngupi. Ngugc lgi, vdi nhift do nudc (t^), ta co the dieu chinh bang hf thong dieu chinh nhift dp 
khudn (Mold temperature confrol). Day la thilt bi thong dung frong nganh khudn mlu ndi rieng 
va frong cong nghifp ndi chung. Mat khac, do nhift dp thanh kenh lam ngudi luon cao hgn nhift 
dp nudc lam ngupi, nen de tang dp chenh lech nhift dp giiJa 2 gia fri nay, ta chi cin giam nhift 
dp nudc lam ngupi (tf). Khi ip giam, ddng nhift truyin tii khudn sang nudc se tang, mat khac, 
ta cd the giam dugc nSng lugng cin thilt dl giir nudc nay d nhift dd cao nhu phuong phap 
truyen thdng dang sd dung. 

• Khi nudc lam ngudi khdng luu thdng (li ddng) frong kenh lam ngugi, do he so tiiiyln 
nhiet ciia chit lam nguOi (thdng thudng dugc chgn la nudc, diu hoac nudc pha diu) rit thap, vi 
vay trong trudng hgp nay, nhift dO nudc tai b l mgt tilp xiic giua chit lam nguOi va thanh kSnh 
lam ngupi se gia tSng vdi tie d6 rit nhanh din gia tii nhiet dp ciia thanh k6nh lam ngupi. Liic 
nay, nhift dp ciia be mgt thanh kenh lam ngudi {tc) va nhiet dp b l mat nudc (tf) se tuong duong 
nhau. Do do, theo cdng thiic (1), dong nhiet fruyen tir khudn sang nudc lam ngupi se gin bing 0 
[2, 4]. Thyc te, nhift nang tgi bl mat tiep xuc giiia nudc lam ngupi va thanh kenh lam ngufi se 
dugc truyen theo hudng tam ciia tilt difn kenh lam nguOi. Tuy nhien, do hf s6 tiuyin nhift ciia 
chit Iam ngugi rit tiilp, tucmg ty nhu cac nghien ciiu cua tac gia Chen S. C. [5] va Smith G. [2], 
phan nang lugng nay dugc gia thuyet la khdng dang kl, va khdng anh hudng din qua frinh lam 
nguOi cua khudn diic phun. 

Tdm lai, frong qua trinh lam ngugi ciia khu6n due phun nhya, khi ap dyng kt thugt lam 
ngugi theo xung dgng dong ehay, nhift lugng frong toan hf thing chi dugc dua ra ngoai khi 
nudc lam ngugi luu thdng frong cac kenh lam ngupi, phin thdi gian cdn lai ciia chu Id gia cdng 
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nhya, nudc nay se dimg frong kenh lam ngugi, va nhift nang chi dugc truyin tii nhua nong sang 
vSt lieu khuon. 

2.3. Nhiet dg khuon (Mold temperature) 

Nhiet dp khudn la nhift dp tai be mgt ciia long khudn khi khudn dugc md ra 6e lay san 
pham (kit thiic 1 chu ki gia cong san phim). Nlu nhiet dp khudn qua cao, san phim se mlc phai 
nhiing khuyet tat nhu cong venh, dp co riit vugt qua gidi ban cho phep, qua trinh lay san pham ra 
khdi khuon se rat khd vi san pham chua dat dii dg ciing cho phep,... Ngugc Igi, nlu nhiet d6 
khuon qua thap, thdi gian chu ki gia cong san pham nhua se bi keo dai, lam giam hifu suit tiong 
qua trinh gia cdng. 

3. PHUONG PHAP MO PHONG VA THI NGHIEM 

Phuang trinh tong quat dimg tiong qua trinh mo phong truyin nhift va lam ngudi cua 
khuon diic phun nhu sau [9]: 

•) = o (2) 

Qua trinh truyen nhift tir nhya ndng sang khuon dugc bilu diln theo cong thuc Poisson, 
d'7m 5=: 

'f) (3) 

vdi: T ,̂: Nhift d^ khuon; k,.^_: Hf so truyen nhift ciia vat lifu khudn; p: Ti frgng cua vgt lieu 

khudn; C^: Nhift dung rieng ciia vat lifu khudn; r: Thdi gian truyen nhiet (thdi gian chu ki ciia 

qua trinh diic phun); x, y, z: Hf true tpa dg. 

Trong nghi8n ciru n^y, ca 2 phuang phap lam ngugi: Hgn tyc va gian doan se dugc mo 
'phdng bing phan mem MoIdex3D. Nhim nghien ciiu anh hudng ciia phuang phap lam ngudi 
theo xung dpng ddng ehay ddi vdi qua trinh lam ngupi cua khuon diic phun nhua, khuon due 
phun cua san pham thanh Tensile Bar vdi chilu day 2 mm se dugc sii dyng frong qua frinh md 
phong, cung nhu thi nghifm thuc tl. Hinh 2a trinh bay cac thdng sd kT thuat, ciing nhu kich 
thudc cua san pham. De quan sat anh hudng ciia 2 phuong phap lam ngugi fren nhiet dg khuon, 
cam bien nhift dugc thiet ke nhu Hinh 2b. 

Hinh 2. Kfch thudc sdn pham (a) va kit ciu khuon diic phun (b). 

Hinh 3 tiinh bay md hinh ludi ciia san phim (hinh 3a), hf thing kenh din (hinh 3b), va hf 
thing kenh lam ngupi (hinh 3c). Vdi san pham, mo hinh ludi dugc xay dung tren co sd phan tii 
Prism vdi 4 Idp ludi theo chieu day, tong so phan tir ciia san phim la 4032 phSn tii. Vdi hf thong 
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kenh din va c6ng phun nhira, phSn tu dgng Prism va Tetra du(?c su" dung cho qua trinh mo phong 
lam ngupi- Voi kenh din nhira, luoi dang Prism voi 3 lop theo huong kinh se duoc sir dung. 
Tong s6 phan tiir ciia kenh din va cong phun la 18010 phin tilr. Doi vol cac kenh lam nguoi, phan 
tu Tetra duoc su dung voi phuong phap chia luoi tu dong, va 3 lop luoi theo chieu hucmg tam. 
Tong s6 phan tvr cua cac kenh lam ngugi la 7503. Trong nghien ciiu nay, vat heu khuon dugc 
chpn la P20 voi ti trpng va nhiet dung riSng lan luge la: 7750 kg/m' va 465 J/kg °C. Vgt lieu 
nhtra dugc chpn la: PC (Polycacbonat) dugc san xuit boi cong ty Teijin - Dai Loan. Thong so 
gia cone cua nhua PC dugc trinh bay nhu Bang 1. Do dac dilm ciia qua trinh due phun, cac 
thong so se dat dSn trgng thai 6n djnh sau mot so chu ki. Do do, dua vao cac nghien cilu truac 
day [1, 3, 6], trong nghien cuu nay, nhiet do khuon se dugc ghi nhan va so stah sau 30 chu ki 

due phun. 

Hinh 3. M6 hinh ludi ciia he thong khuon diic phun. 

Bang I. Thong s6 CO ban ciia qua trinh due phun truyan thSng. 

Thong so ciia qua trinh phun ep 

Thdi gian diln day 

Thdi gian dinh hinh 

Thdi gian giai nhift 

Thdi gian md va d6ng khuon 

TIC dp ohun 

Ap suSt dinh hinh 

Nhift dp khuon 

Nhift dp nhua 

0.18 s 

0.2 s 

15 s 

9s 

300mm/s 

120 MPa 

75 -120 °C 

280-350 °C 
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4. KET QUA VA PHAN TICK 

Trong nghien ciiu nay, thdi gian ehay va nhiet do cua nudc lam ngudi se dugc dilu chinh 
nhim giCi' nhiet dp khuon d 3 miic gia fri: 84 °C, 99 °C va 114 °C. Cac thong sl khac ciia qua 
trinh diic phun dugc giu d gia frj nhu sau: nhift dp nhya: 330 °C, thdi gian lam ngupi (phuang 
phap gian doan): 3 s; thdi gian chu ki: 24 s vdi phuang phap lam ngupi lien tyc va 12 giay vdi 
phuang phap lam ngugi theo xung ddng ddng ehay. Kit qua thi nghifm va md phong dugc frinh 
bay nhu hinh 4 va bang 2. Cac ket qua cho thSy: khi tang thdi gian ehay cCia nudc lam ngupi, gia 
fri nhift dp ciia nudc nay can tang theo nham dam bao nhift dp khudn dugc giir d mdc yeu ciu. 
DB giai thich hien tugng nay, tuong ty nhu phin fren, dya vao nguyen tic bao luu phin nhift 
nang trong khudn nim frong khoang cho phep, khi tang thdi gian ehay ciia nudc lam ngugi, 
lupng nhiet dugc thai ra ngoai moi trudng se tang theo. Do dd, de dam bao lugng nhiet thai ra 
ngoai nay tuang duong vdi trudng hgp lam ngupi lien tyc, nhift dp cua nudc Iam nguOi se dugc 
dieu chinh tSng 18n nhim hgn chS qua frinh truyen nhiet doi luu giira be mat thanh kenh lam 
ngudi va nudc lam ngupi. Ket qua tiii nghifm va mo phdng cho thiy khi nhift do khuon dugc 
yeu ciu la 99 "C, nlu thdi gian ehay ciia nudc lam ngugi tang tir 1 s len 2.5 s, nhift dO cua nudc 
cin tang tir 55 °C len 80 "C. Ngoai ra, nlu nhift dg khudn dugc yeu ciu 114 *'C, nhift dg ciia 
nudc can tang td 77 °C din 99 "C. 

Then gian ehay cua luu ch^t giai nh)«t (s) 

Hinh 4. Quan he gifla tiiM gian chSy va nhiet dp cua nudc lam ngu6i ung vdi cac gia frj 
nhift dp khuon khac nhau. 

Theo kit qui nhu hinh 4, khi tang nhift dp khuon (tir 84 "C len 99 °C va 114 °C), vdi cimg 
thdi gian ehay cua nudc lam nguOi, nhift dp nudc phai tang 18n. Hifn tugng nay cd the dugc 
giai thich theo cdng thurc (1): khi tang nhift dO khuon, nhift dg tai thanh kenh lam ngugi tc se 
tang theo. Do do, sy chenh Ifch nhift dg gifta thanh kenh lam ngugi va nudc lam ngugi se gia 
tang. Nhu vgy, vdi cung thdi gian ehay, ciing hifu suit hap thu nhift a, ddng nhift tmyen tir 
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khuon sang chit lam ngudi se gia tang, kich thich qua frinh lam ngudi se manh ban. Vi vay, day 
la nguyen nhan dan den hien tugng giam nhiet dp khu6n xuing dudi nhift dp cho phep. Do dd, 
nhim ban chi lugng nhiet thai ra ngoai, phuong phap tang nhiet dp nudc lam ngudi se dugc 
thuc hifn. Thong qua mo phdng va thi nghifm, khi thdi gian ehay ciia nudc lam ngupi lan luge 
la 1,0 giay, 1,5 giay, 2,0 giay va 2,5 giay, va nhiet dp khuon dugc yeu ciu tang tir: 84 °C 16n 
114 °C, nhift dp diu vao ciia nudc lam ngudi cin dugc dieu chinh tang lan lugt nhu sau: 38 °C 
16n 78 "C, 50 T len 89 °C va 63 °C len 99 °C. 

Ngoai ra, thdng qua thi nghiem, cac s6 lieu do dugc tu cam bien cho thiy ket qua mo phong 
dat dp chinh xac kha cao. Bang 2 frinh bay chenh lech nhift dO giiJa mo phong va thi nghifm 
luon nim frong khoang 5 °C. Day la gidi ban dugc chip nhgn frong cac nghien ciru ve nhift dp 
trong khuon due phun nhua [1 - 7]. 

Bang 2. Nhift khuon khi thdi gian ehay va nhiet do nudc lam nguf i thay dii. 

phuong 
phap 

Lien tuc 

Gian doan 

Lien tuc 

Gî n doan 

Lien tuc 

Gian doan 

Thai gian (giay) 

Luu chat 
ehay 

15 

1 

1,5 

2 

2,5 

15 

1 

1,5 

2 

2,5 

15 

1 

1,5 

2 

2,5 

Giai 
nhiet 

15 

3 

15 

3 

15 

3 

Chuki 

24 

12 

24 

12 

24 

12 

Nhiet dp (°C) 

Khuon 

84,0 

99,0 

114,0 

Nhua 
nong ehay 

330 

Nudc giai 
nhiet (Mo 

phong / Thi 
nghiem) 

84/84 

38/40 

50/51 

60/63 

63/65 

99/99 

55/56 

70/72 

77/78 

78/80 

114/114 

77/78 

88/89 

95/98 

Khuon 

85,63 

87,00 

86,79 

86,75 

87,16 

102,40 

102,88 

103,96 

103,23 

102,99 

117,35 

119,22 

118,75 

118,35 

97/99 1 118,67 

Ve hifu qua cua qua trinh lam ngupi theo xung dpng dong ehay, bang 2 cho thiy: iing vdi 
cac nhiet dp khuon khac nhau, phuang phap gian doan cd the thda man cac gia frj nhift d6 
khuon nhu phuang phap Iam ngupi lien tyc. Tuy nhien, trong cac trudng hgp lam ngugi theo 
xung dgng ddng ehay, thdi gian lam ngupi dugc nit ngin tix 15 giay xuong 3 giay va thdi gian 
chu ki dugc nit ngan tir 24 giay xuong 12 giay. 
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5. KET LUAN 

Qua qua trinh md phdng va thi nghiem, mo hinh thanh Tensile Bar vdi chilu day thanh 2 
mm dugc sir dung nham nghien ciiu anh hudng ciia nhiet do khuon vdi qua frinh lam ngupi cho 
khuon diic phun nhya theo phuong phap gian doan. Thong qua md phong vdi phin mim 
MoIdex3p va thi nghifm kilm chiing, cac thong so cua qua trinh lam ngudi da dugc nghien ciiu 
vdi cac ket qua nhan dugc nhu sau: 

- Vl hieu qua ciia qua frinh lam ngupi: Phuang phap iam ngupi theo xung dgng dong ehay 
CO hifu suat lam ngudi cao hon phuang phap lam ngupi hen tuc. Ngoai ra, phuong phap lam 
ngupi theo xung dgng dong ehay co thi nit ngan thdi gian lam ngugi tir 15 giSy xuIng 3 giay 
(giam 80 %). Thdng qua do, thdi gian chu ki gia cong san pham nhya dugc nit ngan tir 24 
giay xuong 12 giay (50 %) . 

- Khi tang thdi gian ehay ciia nudc lam ngugi, nhiet do ciia nudc nay can dugc gia tang. 

- Khi su dung phuong phap lam ngugi theo xung dpng dong ehay cho khudn vdi nhift dp 
khuon dugc yeu cau cao ban, nhift d$ nudc lam ngupi ciing can gia tang. 

L&i cdm ffn. Tac gia chan thanh cam on sy ho frg kinh phi nghien cuu tir phong thi nghigm khuon mlu 
thufc trudng Dgi hpc Chung Yuan Christian - Dai Loan va trudng Dai hoc Su pham kJ ihuSt TP. HCM. 
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In recent years, there are many new technologies which are applied m injection molding 
field. One of them is the pulsed cooling method, which is used to improve the cooling process, 
as well as reduce the molding cycle of plastic part. However, due to the complex of mold 
structure and the influence of cooling step on the product quality is still not investigated clearly, 
the pulsed cooling method still has many froubles for the operator. In this paper, by simulation, 
the effect of mold temperature on the pulsed cooling process is studied. Furthermore, by 
experiment, simulation results will be verified by the experiment measurement. 

Keywords: injection molding, pulsed cooling, mold temperature. 
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