TAP CHi KHOA HOC VA CONG NGHE - SO 31 - TRUGNG BAI HOC PHAM VAN BONG

THIET KE MAY EP PUN THOI NHU'A CHO SAN PHAM DANG CHAI

BUi Trung Kién?, Nguyén Vinh Phéi*, Trwong Quang Diing,
Pao Thanh Quan?, Nguyén Qudn*
TOM TAT

Véi xu thé phéat trién cia Khoa hoc-Cong nghé, viéc nghién citu, ché tgo va ing

dung céc thiét bi hién dai vao trong cdc linh vuc ciia cugc song 1a yéu cau tat yéu, dac

biét la trong linh viec nhya. Trong bai b4o nay, nhom tac gid nghién cizu va thiét ké may

ép dun thoi nhua ¢6 kich thudc nhé, gon va cdng suat phi hop véi giang day, nghién ciru

tai cdc co s¢ dao tao & Viét Nam hién nay. Cong nghé duin thoi nhua bang truc vit diroc

siz dung d@é gia nhiét 1am néng chay nhya ran tao ra nhya dang long, di qua dau dim, va

dwoc théi vao khudn dé cho ra thanh pham la chai nhya dam bao yéu cau do dién day va
tham my.

Tir khéa: Nhua, mdy ép din théi, khubn nhya.
1. Pt van dé

Hién nay, nganh cong nghiép nhua 1a mét trong nhitng nganh cong nghiép dugc xép
thir ba so véi cac nganh cong nghiép khéc. Vai tro caa nganh céng nghiép nay trong nén
kinh té thé gi6i 1a rat quan trong vi cac nganh cong nghiép khac phu thudc 16n vao nhiing
san pham 1am tir nhya. Do vay, viéc nghién ciu vé nhyua, cdng nghé ché tao san pham tur
nhya va thiét bi san xuat san pham nhya da dugc quan tdm va phét trién manh mé trén toan
thé gidi.

Trong san xuat nganh nhua, may ép nhua dong mét vai tro rat quan trong trong day
chuyén san xuat. Hién nay, nhiéu may maéc thiét bi san xuat san pham nhua hién dai c6 do
chinh xac, tinh tu dong va ning suét rat cao di c6 mat trén thi truong. Nhitng tap doan san
XUt cac may dun thdi nhya Ion trén thé giGi c6 thé ké dén nhu: tap doan Nissei ASB, tap
doan JSW (Nhat Ban), cong ty Zhangjiagang Huan Machinery, tap doan Tongjia (Trung
Qudc), tap doan PRM (Pai Loan). Tuy nhién, gia thanh cua thiét bi nay qué cao nén chi
phu hop &p dung cho san xuat cdng nghiép.

Mic khéc, linh vuc nhya néi chung va kién thic vé cdng nghé ché tao san pham
nhya noi riéng duge xem nhu linh vuc nghién ciu khong thé thiéu trong cac trudng dai
hoc ky thuat trén thé gisi. Hau hét cac trudng dai hoc ky thuat déu c6 cac mén hoc vé
cong nghé ché tao san pham nhwa, khuén mau, ciing nhu cac phong thi nghiém va thiét bi
lién quan.

Do d6, viéc lam chi cong nghé, thiét ké va ché tao thiét bi ép dun thoi phu hop véi
phong thi nghiém, co s& dao tao 1a mot xu hudng nghién ciru dugc chu trong hién nay.

2. Tong quan vé may ép dun thoi

Nhirng may san xuat san pham nhuya c6 thé sir dung cac cong nghé khac nhau nhung

thuong ¢6 dang ding va dang ngang. May ép dun thdi nhwa gdm 3 bo phan chinh: bo phan
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gia nhiét 1am néng chay cac hat nhya, bo phan tao ap luc dé day nhwa néng chay vao
khuon va bo phan khuén dé tao hinh dang cho san phim nhwa. Tuy nhién, cic may ép dun
thoi nhya hién nay st dung trong cong nghiép co6 kich thuéc va gia thanh rat I6n. Do vay,
dé phi hop véi diéu kién giang day va nghién cau trong phong thi nghiém, may ép nhua
dang dimg da dugc nghién cau thiét ké ché tao [1]. Két qua khao séat cho thay may ép nhua
nam ngang duoc st dung phd bién hon vi ché tao d& va an toan hon so véi méy ép nhya
dung [2, 3]. Do do, da s6 cac nghién ciu thuc hién ché tao loai méay dang ngang [4-7]. Méay
dun thdi dang ngang duoc nhém nghién ctu lva chon dé thyuc hién trong nghién ciru nay.

Céu tao cua may ép dun thdi dang ngang dugc thé hién & Hinh 1, gébm cac bo phan
chinh 1a: dong co, hop s6, phéu cip liéu, xylanh, truc vit, bo cip nhiét va bo khudn.

Phéu
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Hop gidm téc

l . Dién tr& nhiét
Truc vit
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Cum lam ngudi

Dc‘}ﬁg’co i
Hinh 1. So do cau tao may ép dun thoi dang ngang [8]

Bo6 phan chinh 1a mot xylanh duoc 1am bang truc thép rdng, bén trong c6 mot truc cd
c4c rénh xodn trén bé mat dé dun nhwa dang long. Kich ¢ cia may dun s& phu thudc vao
kich thudc trong cia xy lanh, va dugc chuén hoa theo cac kich thude nhu: 30, 45, 65, 80,
90, 100, 120, 150, 200 mm. Xylanh dugc gia nhiét bang cac vong dién tro nam bén ngoai
bé mit va ¢ cong suat trong khoang 25-45 W/in?. Bé giam nhiét do thi can cé quat gio,
tredng hop qua nhiét ta s& dung chat long giam nhiét nhu nude hodc dau.

Truc vit thudng dugc chia thanh ba ving, dugc thé hién trén Hinh 2, gom:

- Vg cap liéu (Feed section) 13 noi ¢6 cac ranh xoan sau nhat dung dé van chuyén
nguyén liéu tir phdu cap liéu téi cac phan sau cua truc vit. Han ché gia nhiét manh ¢ viing
nay dé cho nhya khéng bi nong chay va khé cd thé di chuyén tiép téi cac ving sau.

- Ving nén (Compression section) 1a viing ranh xoan giam d¢ sau. Pay sé& 1a ving
nhua duoc nén dan va duoc gia nhiét manh dé 1am néng chay nhya.

- Ving dinh huéng (Metering section) 1a viing ranh xodn c6 d6 sdu nong. Nhua nong
chay dugc tao &p luc cao va dong nhit dé di qua van chan va téi khuon (Die).
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Vung cap liéu Ving nén Vlng dinh lwgng

Hinh 2. Cdu tao truc vit trong may dun nhua [8]

Qua trinh dun nhya s& ¢6 trinh ty nhu gom 6 budc:
* Bugc 1 - Hoa déo, 1am chay nhira bang nhiét: khi hat nhua di vao va di qua truc
vit, may dun, nhua dugc nu chay bang cach nhao tron lién tuc va dun néng bang dién
hoidc céc vong gia nhiét duoc quan quanh thing may dun. Vit may dun dugc thiét ké toi uu
nhét véi yéu cau ky thuat caa ting loai nhua.
* Buroc 2 - Tao hinh nhyra chay thanh éng keo Parison hogc Phoi: qua trinh nay gidp
san xuat nhya dudi dang phdi nhya hoic dang ong keo trudc khi dua vao qua trinh dong

khuon.
* Buoc 3 - Kep ong keo (@éng khudn): hai phan cua tam khudn duoc kep kin 6ng keo
chi chira lai mét 16 dé thyuc hién qué trinh thoi chai.
* Buroc 4 - Thoi nhyea: Khi nén duge dua vao bén trong phdi lam phong phoi cho dén
khi lap day cac khoang tréng véi vach cua khuén, dinh hinh theo hinh dang caa khuén.

* Buéc 5 - Lam ngugi va ldy san pham: khi nhua da cham vao thanh khuén ching sé
duogc 1am ngubi véi mot tée do xac dinh trude dé gidp on dinh kich thudc cua san pham.
Sau khi 1am ngudi, khuén ma ra va day san pham ra.

* Buée 6 - Cat xén, logi bé bavia: sau khi qua trinh thoi hoan thién da s6 cac khudn
dun thoi déu s& co bavia va phan nhya du thira, do d6 can cit got cac phan du thira nay

theo yéu cau san pham.

3. Thiét ké co khi
May dun thdi chai nhia da dugc nhom tac gia nghién ctru, 1én ¥ tuong, thiét ké va

hoan thién san pham dua vao cac nghién ctru da duoc néu & phan trudc.
Hinh 3 thé hién mé hinh 3D cua may ép dun thoi nhya HDPE. May gdm c6 ba khau

chinh dé cho ra chai nhya :
- Khau dun nhya (1);
- Khau théi dinh hinh va lam mat (2);
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Hinh 3. M6 hinh 3D ciia mdy din théi

Céc yéu cau tinh toan thiét ké ban dau cua may:
- Kich thuéc caa may: 2400 x 1000 x 1700 mm
- Ning suit ép dun ti da: 120-240 sp/h

- San pham chai nhya c6 thong so:

+ Kich thudc: @62 x 225 mm

+ Bé day san pham: 0,8 mm

Dung phan mém Pro/E, ta cd thé tinh duoc thé tich nhya dé dun mét chai: 52,6 cm®,
vé6i khdi lwong riéng cua nhya HDPE 1a: 0,93 g/em®. Vay, khéi luong nhua can thiét dé
dun mot chai nhwa: 52,6 x 0,93 = 48,9 g. Véi cong suat thiét ké 240 san pham/gio, co cau
vit dun can t6i thiéu 48,9 x 240 =11,74 kg nhya/gio.

3.1. Khau dun nhua

bdi vai may dun thoi sir dung loai truc vit thi khau dun nhua dong vai tro rat quan
trong. Nhua HDPE dang hat s& dwoc cip qua phéu, di vao bén trong truc dun, dugc van
chuyén va nung néng thanh nhya dang long, dugc théi vao khudn va cho ra bién dang nhu
yéu cau. Hinh 4 va Hinh 5 thé hién két cau ctia khau dun nhya va hinh anh thyc té cua khau
nay. Nhom tac gia thiét ké khau dun nhya véi cac yéu cau nhu sau:

- Khung va gia d& chiu tai tir truc vit don va dong co vai khdi lwong 200 kg.

- Phia dudi mat ban s& 1a mot khoang trong lap dat hé thong diéu khién va dién.
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Hinh 4. Thiét ké khédu dim nhua

Tir nhitng yéu cau ban dau, nhom tac gia da thiét ké khung may bang sit hop 40 x 40
va mit ban sit c6 d6 day 8 mm dé cd thé ga dat cac chi tiét phia trén mot cach chic chan.
Pong co dién duogc sir dung 1a dong co 3 pha véi loai ¢d gia do di kém nén co thé ¢ dinh
Ién mat ban. Dé cd thé truyén dong tir dong co téi truc vit, nhém tac gia da sir dung loai
hop giam téc banh ring tru 1 cap.

Dua theo Bang 2.27 trong tai liéu [9], ta chon truc vit c6 duong kinh D = 50 mm vaéi
nang suat 1 tir 15-20 kg/h. Tra Bang 2.28 va cac cong thic trong tai liéu [10], ta ¢ céc
thdng s6 truc vit nhu sau:

* Goc ren vit: o =(10-20)°. Chon « =15°

* Budng kinh trong cua truc vit tai vung dinh lugng:

d=D-2hm=50-2.35=43mm
* Chiéu dai truc vit: L = 18.D = 900 mm.

* §§ vong quay truc vit theo cong thire 30-9 tai liéu [10]:

42.m.cosa

n -_—
JD.sin a.cos(a + @)

(1)

Trong do:
m: hé $6 0,3 + 0,5, chon m = 0,5
o goc ren vit, chon 15°
D: duong kinh, cm
¢: Goc ma sat, vdi vat licu HDPE c6 hé s6 ma sat 0,28, ta tinh duoc o= 15,6°
Thay vao cong thue (1), tinh dugc n = 40,7 vong/phut
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Duya vao céc di liéu ban dau, dong co duoc chon co toe do 1a n = 1460 vong/phut véi
cong suat 5,5 kW.

Cum truc vit

Dau dun

TG dién

Hinh 5. Hinh anh thuc té ciia khau dim nhwa
3.2. Khau thdi dinh hinh va lam mat
3.2.1. Khau thai dinh hinh

Khau thoi dinh hinh gém b khuon va
cum din dong khudén. Pé xay dung bod
khudn, nhom nghién ciru da sir dung phan
mém Pro/Engineer dé tinh toan va thiét ké
khudn. Hinh 6 thé hién nira khudn chai nhua
sau khi tach khuén ding phan mém
Pro/Engineer.

Pé thuc hién viéc dong mo khubn
trong qué trinh dun thdi chai. Can phai ¢6
cum dan dong khuon. Bo phan nay duoc
nhém thiét ké va kiém nghiém bén vai phan
mém Solidworks. Hinh 7 thé hién cum dan dong khuén véi 2 vi tri duoc kiém nghiém bén
(vi tri khoanh tron).

Hinh 6. Nita khuon cua chai nhwa
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3.2.2. Tinh toan h¢ théng lam mat

3.2.2.1 Tinh lvong nuwoc lam ngugi

Theo dinh luat bao toan nang

[ ~ | J_a lwong, nhiét luong can ldy di khoi
L i <} khuon dé lam ngudi san pham phai
[ — bang véi nhiét luong nhan duoc cua
49 éj(: ‘1. luu chét _cAwa‘A hé; thf'?ng lam mat.
[ —3 Luong nhiét can lay di:

Qnh= Mph.Con.(T1 —To) =

0,0489.3,6.(210 — 50) = 28,17 (KJ)

| Trong d6: man = 0,0489 kg la

N khoi lugng chai; Con = 3,6 ki/kg.’C

Hinh 7. Cum dan déng khudn la nhiét dung riéng cua nhya; T1 =
210°C la nhiét @6 ché bién cua

nhua; T2 = 50°C 14 nhiét d&o khuon.
Nhiét lugng do nudc hap thu:
Qn: mn.Cn.(T3— T4) =Mn. 4,17(50 — 20) = Mn 125,1 (KJ)

Trong d6: mn 1a khdi lwong nudc can tim; Cn la nhiét dung riéng cua nuéc; Ts la
nhiét do khuén. T4 la nhiét @ nudc vao khudn

Phuong trinh c4n bang nhiét:

th = Qn
Hay: m,.125,1 = 28,17
=>my=0,225 kg

=>V = mn/p = 0,225/997 = 0,2257.10° m3= 0,2257 lit

3.2.2.2. Thoi gian lam ngugi khuén

Thoi gian 1am ngudi 1a thoi gian tir IGc bat dau giir 4p cho khudn cho téi ldc khudn
mé ra. Thoi gian 1am ngudi phu thudc vao cac thdng sé sau: Loai nguyén liéu, Chiéu day
san pham, Nhiét d6 khudn t, Nhiét do ché bién caa nhua ton.

Trong céc yéu t6 trén thi yéu tdé anh huong nhidu dén thoi gian 1am ngudi la chiéu
day thanh san pham va nhiét ¢6 khudn. Con nhiét &6 ché bién chi anh huong 1 phan nho
dén thoi gian 1am ngudi.

Thoi gian 1am nguéi duoc tinh bang céng thirc sau:

_ & |n(A)_|n(@) @

=—.
T o nh — Y

t
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d6 khéch tan nhiét.

Voi: a =
PC,

K =12,4. 10" (cal/s.cm.°C) 1a @6 dan nhiét cua nhua.

p =955, 4 kho1 luong riéng cua nhya HDPE.

C, =0, 85 =: nhiét dung riéng cua nhya

& = 0,08 cm: bé day thanh san pham

tsp = 55°C: nhiét do san pham

ti, = 50°C: nhiét @6 caa khudn

t,n = 210°C: nhiét d6 ché bién cua nhya

A = 2: hang s thay déi theo hinh dang san pham
Thay vao cong thtrc trén, ta duoc:

0,082.0,955.0,85 55-50
=— d = .In(2)-1In 3,8(s
(3,142)12,4.10-4 @) (210 50) ©)

3.2.2.3. Luu lwong nudc gidi nhiét
q= 60— = 60% =6,98 (l/ph)

Trong d6: V 1 thé tich nudc can dé giai nhiét va t 1a thoi gian 1am ngudi

Nhu vay, dé dam nhiét do lam mat khuon, luu lugng nuée giai nhiét can cung cap
cho khuén 1a 6,98 (I/ph)
3.2.2.4. Buong kinh éng nweéc lam mét

Khi thiét ké cac duong kinh 1am mét thi thé tich duong nudc lam mét trén hai nira
khuon la:

10.3,14.d°
4

V:

Hayq_ [ 4V _ [44d000 _ 00
10.314.L  \10.314.500

Véi: L chiéu dai duong dng trong khuén 1a 200 mm
V 14 thé tich luu lugng nude 0,2257 lit = 225700 mm?3

Vay ta chon duong kinh 6ng 1am ngudi nuéc 1a d = 8 mm
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4. Thiét ké h¢ thong diéu khién

Hinh 8 thé hién so d6 diéu khién cho toan bo hé théng. May san xuat dun thdi chai
nhya st dung PLC FX1IN-24MT lam b diéu khién trung tam dé diéu khién cho toan bd
hé thdng. Ngoai cac niit diéu khién co ban cho PLC, b tri thém céc tin hiéu dau vao: Ro
le bao trang thai bién tan, cac tiép diém cua bd didu khién nhiét do.

dién... dinh ky bing cong tic Start Temperature Controller trong vong quét dau tién

A

bavia rén man hinh HMI

T ‘
Tién hanh din, thoi Cho phep dong co chay
dé tao san phim theo quy trinh d4 cai dat
Nhva dat tiéy chi Dinh gi4 ket qud nhua, Nhva ~ HDPE PLC thue hién hoat dong
duge dun  dén — dicu chinh toc do, nhiét — dugcdinrakhoi fe— gidm sit nhiét d, ngat
Khuon tag hinh dd nung (néu ¢6) Ong vit din nguon cung cap Heaters

Hinh 8. So do diéu khién hé thong

Man hinh HMI két néi vai PLC theo chuan truyén théng RS422 voi muyc dich thay
doi cac thong s6 dau vao va hién thi cac hoat dong may. Module mé rong dong vai trd
XUt tin hiéu analog diéu khién toc do dong co truc vit dun. Cac thiét bi ngoai vi canh bao
va trung gian nhu: Ro le trung gian, dén bao trang thai... thé hién trén Hinh 9.

39 N T I ‘ ’

\
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Hinh 9. So d6 diéu khién trung tdm sir dung PLC
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Hinh 10 Ia giao dién diéu khién c6 thé thay ddi cac théng sb thoi gian cac chu trinh
lam viéc ciia may nham muc dich t6i vu thdi gian san xuat. So véi cac dong may di co
trén thi truong, thiét bi do nhom téc gia ché tao dung PLC diéu khién may thong qua man
hinh cam &ng HMI nén rat d& van hanh va xac dinh cac tham sé thoi gian trong chu trinh
dun thdi nhya nham dua ra bo thoi gian tdi vu trong qué trinh san xuit cho céc san pham

khac nhau.

TRUONG DAI HOC PHAM.

DEMO : MAY EP THOI'NHU!

f mgmcﬁ;q) [Z2_]x01 ciay @®
;" Thoigian épkhuon: [ 28 Jxo1Giy @
~ Thoi gian cét keo x0,1 Gidy ‘
‘ corciy @
[20_Jxo01 ciay @
x01Gily @y

Hinh 11. Hé théng cam bién nhiét

Hinh 12. Cum bién ta”‘n-déng co

B6 cam bién gdm 3 cam bién
nhiét s& diéu khién va kiém soét nhiét
d6 theo 3 ving trong nong ép dé dam
bao nhya néng chay dong déu. Hinh
11 thé hi¢n hinh anh thyc té cua h¢
théng cam bién nhiét va kiém soét
nhiét d6 dong chay nhua. Bén bao
mau d6 thi can cap nhiét, khi dén bao
mau xanh thi hé thng sé& ty dong ngat
cap nhiét cho cho hé thong.

Hé théng bién tan-dong co diéu
khién téc d6 dau dun dé thay ddi toc
d6 dun cua mang nhya. Téc do dong
co s& duoc thay doi theo tan sé6 nham
muc dich t6i wu thoi gian san xuat va
nang cao nang suat may. Hinh 12 1a
hinh anh thuc té& cia cum bién tan-
dong co.

Hinh anh thuc té cua hé théng
dién sau khi duoc lap dat thé hién trén
Hinh 13. Cac thoéng sé dién lam viéc
cua may:

- Dong 1am viéc 6n dinh: 25A;

- Cong suat tiéu thy cia may:
9,5 kW/h;

- Hoat dong ludi dién &p AC:
380V.
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5. Danh gia

Hién tai nhom nghién ctru da
hoan thién may dun thoi nhya. Céc
danh gid ban dau vé may:

- Cac ket cau co khi chac
chan, cac chi tiét gia cong dat yéu
cau tot.

- H¢ thong dién, tu dién hoan
thién tot, gon gang va dam bdo an
toan veé dién.

- May hoat dong 6n dinh va

Hinh 13. Hé théng dién thuc 16 sau khi Idp dg & cho ra thanh pham nhu Hinh 14,

Tat nhién day chi 1a mot trong

nhitng loai san pham chai nhya. Cac loai chai nhya véi cac kich thudc, hinh dang khac

c6 thé dé dang dat duoc bang cach thay doi bo khuon tuy theo yéu cau thuc té.

[1].

[2].

Hinh 14. Chai nhwa HDPE dvwoc dun

thAi tir thiot hi

6. Két luan

Qua nghién ctu, nhém thuc hién
dé tai da ché tao thanh cong thiét bj dun
théi chai nhya. Cac bo phan co khi, diéu
khién hoat dong 6n dinh, dam bao an
toan va dat yéu cau thiét ké dé ra. biéu
khién may théng qua man hinh cam ng
HMI nén dé van hanh va trgc quan,
thuan tién trong hoat dong giang day va
nghién ciau khoa hoc. San pham chai
nhua dugc dun thoi tir thiét bi dam bao
yéu cau vé do dién day va tham my. Day
la tién d& dé nhom nghién cau tiép tuc
hoan thién, cai tién thiét bi dé dua vao
ung dung trong giang day va nghién cau
khoa hoc trong thoi gian dén.
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DESIGNING A PLASTIC EXTRUSION BLOW MOLDING MACHINE FOR
BOTTLE MANUFACTURING

Bui Trung Kien?, Nguyen Vinh Phoi!, Truong Quang Dung?,
Pao Thanh Quan?!, Nguyen Quan'

ABSTRACT

The rapid advancement of science and technology has made the research,
development, and application of modern equipment indispensable across various fields,
especially in the plastics industry. This article highlights the research and design of a
plastic extrusion blow molding machine with a small, compact size and capacity suitable
for teaching and research at training facilities in Vietham. Screw plastic extrusion
technology is used to heat and melt solid plastic to create liquid plastic, which passes
through the extruder head, and is blown into the mold to produce a finished product, a
plastic bottle that ensures filling and aesthetic requirements.

Keywords: Plastic, extrusion blow molding machine, mold.
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