TAP CHI KHOA HOC BAI HOC CUU LONG &

NGHIEN CUU PHUONG PHAP THIET KE PIA KHUON
TAO HINH SAN PHAM TU MAY EP PUN (EXTRUDER)

LE PUC TRUNG*
Tom tit

( j ong nghé ép din dwoc iing dung trong nhiéu linh vue nhir sin xudt
nhya, cong nghiép thuc phcfm (bdanh keo) va thirc an chan nudi, dac
biét la thirc an nuoi ca. 10} Viét Nam hién co khoang trén 200 nha may

sdn xudt thire dn nudi cd sir dung cong nghé ép din dé tao vién thirc an noi,

VGi tong san lwgng thire an nudi cd trén triéu tan/nam. Pa sé cdc mdy ép din

dwoc nhdp ngoqi tur cac nudc phat trién nhu EU, My, Pai Loan... Mot $6 duwoc

san xudt trong nwée theo mau mdy ciia mede ngoai. Pia khuén ciia mdy ép din
la bé phan quyét dinh kich thiede hinh dang cia san pham tao ra, khi thay doi
hinh dang va kich thude san pham can phdi thay doi dia khuon twong img.

Cdc dia khuén thwong dirgc nhdp theo mdy hodc ché tao bang cdch copy theo

dia khuén goc. Khi mudn san xudt san phdam méi, cdc nha mdy phdi dit hang

khudn méi tir céng ty nude ngodi hodc phdi tir may mo ché tao thir nghiém
nhiéu lan, dan dén ton nhiéu kinh phi, céng sirc va thoi gian. Vi vdy, bai viét
nay dé xudt mét phirong phdp méi dé tinh todn thiét ké dia khuén mdy ép din
khi can phat trién san pham méi. Phwong phdp da dwoc kiém chimg thanh
cong tai Xuong san xudt thirc an thiy san cia Vién Nghién ciru Nudi trong
Thity san II (RIA2) tai Cdi Bé - Tien Giang.

Abstract

Extrusion technology is applied in many manufacturing sectors including
plastics, food and feed industries. In Vietnam there are over 200 aqua-feed
mills using extrusion for floating aqua-feed production of total output more
than million tones/year. Most extruders have been imported from developed
countries such as EU, USA, Taiwan ..., although somes have been locally made
following the imported models. A crucial important part of the machines for
sizing and forming the products is die plates each of which is only suitable for
one specific product. Whenever a new product need to be developed the feed
mills have to order a new die plate from the original suplyer that takes long
time and high costs. This article aims to inform a new method to calculate and
design die plates for new products development using extruders. The method
has been sucessfully applied for improving the floating feeds of Cai-be aqua-
feed factory which belongs to the Research Institute for Aquaculture No.2
(RIA2) and is located in Tien-Giang province.

* Tién si, Truong Pai hoc Ciru Long
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I. GIOI THIEU VE CONG NGHE
EPDPUN

Ep dun (extrusion) 12 qué trinh tao hinh
dang san pham tir vat liéu déo (dang bot nhao)
bang cach ép vat liéu di qua mot s6 16 khudn
c6 hinh dang thich hop.

Cong nghé ép dun c6 lich sir phét trién
khoang hon 200 nam. Theo Mian N. R. (2000),
ngudi dau tién ap dung k¥ thuét ndy 1a Joseph
Bramah (nguoi Anh), vao nam 1797 6ng da su
dung co cdu piston dé ép dun trong san xut
6ng dan (kim loai chi). Gan 3/4 thé ky sau,
vao nhitng nim 1870, ép dun bang truc vit
lan dau duogc tmg dung trong san xuat cao su
va xuc xich. Tu nhitng nam 1930 tré di cong
nghé ép dun bang truc vit di dugc ung dung
rong rdi trong san xudt thuc phim. Cac phat
minh vé cdu hinh tryc vit ép (screw), budng
ép (barrel), budng gia nhiét ho héa nguyén
lidu (pre-conditioner) 1an luot ra doi. Dao cét
(cutter), dia khuodn (die plate), diéu khién tu

dong ciing duoc cai tién lién tyc. Cac thé hé
méy ép dun hién dai dwoc thiét ké t6i uu két hop
tu dong hoa kiém soét va diéu chinh thong s6
van hanh, cho phép san xuat vdi ning suét cao,
chi phi ning lugng thap, giam thiéu phu phé
lidu, dan dén giam gia thanh va nang cao chat
lwong san pham. Nho d6 phuong phéap ép din
ngay nay duoc ua chudng dé gia cong ché bién
cac san pham trong nhiéu linh vuc khac nhau,
dic biét trong cong nghiép nhua (plastics), ché
bién thyc pham va thic dn chan nudi.

Trong cong nghiép hién nay ton tai nhiéu
loai may ép dun khac nhau dugc mo ta trén
hinh 1. May ép dun c6 thé c¢6 hodc khong c6
bd phan hap chin ( cooking/pre-conditioner),
st dung truc vit don (single screw) hodc truc
vit doi (tween screw). May truc vit doi cAu tao
phirc tap, gia thanh ché tao cao nhung c6 thé
tao luc ép 16n, hoat dong on dinh, san phém
ddng déu hon tryc vit don. Hinh 2 thé hién
mot so loai may €p dun thuong dugc str dung.

Extruder types

Dry extruder

[

Had = Friction

/ Single Screw Cooking Extruder

Sheam +H20

Hinh 1. So' d6 ciu tao mot s6 loai may ép dun (theo Mian, 2000)
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Cong nghé ép dun ¢ nhiéu vu diém so
v6i cac cong nghé tao hinh khac; Co thé thuc
hién nhiéu chirc ning khac nhau trong cing
mot ¢d may: dinh lwong, phéi tron, ndu chinh,
tao hinh ..., vi vay h¢ théng san xuét kha gon
nhe. Trong may ép dun hién dai, nguyén li¢u

Hép hoi

Tron wot

Tiét amylose

Bot  Truong no

Lye cha xat

Ho hoa

dugc hap chin bang hoi nuéc két hop voi ning
lwong ma sat khi truc vit quay, két qua la thyc
pham bi bién d6i ca vé tinh chat vat 1y, hoa
hoc ciing nhu cam quan. Hinh 2 mé ta su bién

d6i tinh bot khi qua may ép dun.

Cét va ép

Truroeg o

Dextrin hoa

Hinh 2. Qua trinh bién doi tinh bt khi ché bién thwe pham bang cong nghé ép dun.

Str dung cong nghé ép dun co thé tao
dugc nhiéu hinh dang san pham véi cac dac
tinh khac nhau vé cau truc, d¢ x0p, mau sac,

mui vi. Hinh 3 thé hién kha nang tao hinh da
dang trong san xuét banh keo, mi 6ng, snack,
thirc an chan nudi... bing cong nghé ép dun.

Hinh 3. San phim da dang tir cong nghé ép dun (Mian, 2012)

BO phan quyét dinh hinh dang, kich
thude cia san pham 13 dia khuon. Céu tao dia
khuon ctia mot sb san phém duoc mo ta trén
hinh 4. Khi thay d6i cau hinh 18 khuén, hinh
dang san pham ciing thay ddi theo. Ngoai vai
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tro quyét dinh trong tao hinh, dia khuén con
¢6 anh hudng quan trong t6i cau triic cua san
pham (d6 xdp) va do 6n dinh may ép khi van
hanh. Vi vay mdi loai san phim can c6 nghién
ctru thiét ké mot loai dia khuon thich hop.
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Hinh 4. Mt s6 kiéu dia khuén va hinh dang san phiam tir may ép dun (Kearns, 2012)

Kich thudc va hinh dang san pham phu
thuoc kich thudc va hinh dang 16 khudn. Tuy
loai nguyén liéu va do truong nd cua bot nhao
(phu thudc nhiét d6 va ap suit budng ép) ma
kich thudc 16 khuon thudng chon nho hon kich
thudc san pham (khoang 5% tdi 30%).

II. PHUONG PHAP NGHIEN CUU

Xudng san xuét thirc an nudi thity san
thuoc Trung tam Cong ngh¢ thue an va Sau
thu hoach (truc thudc Vién nghién ctru Nuoi
trong Thuy san IT) tai huyén Cai Bé - tinh Tién
Giang dugc trang bi mot day chuyén sir dung
cong nghé ép dun dé san xuét thirc an nudi ca.
Trong diy chuyén ndy, may ép dun (hinh 5)
duogc nhap tir Hungary, von 14 loai may truc vit
don dugce thiét ké dé san xuit mot sd loai thire
an vién hinh try véi ¢ vién tor ¢ =4 mm t6i ¢
=10 mm, chu yéu cho vat nudéi nhu cho, méo
va cac loai cé 16n. Tuy nhién, nhu cAu thuc té
tai co s Cai Bé lai can san xuat loai thuc an
c6 cd vién bé hon (tir 1.5 - 3 mm) phuc vu cho
céc trai ca giong.

Nhiém vu dat ra 1a can nghién clru cai tao
may ¢ép dun hién cé dé c6 thé san xuat dugc

vién thirc dn ¢& nho. Trong do6 tinh toan thiét
ké va ché tao dia khudn mai sao cho phi hop
v6i1 ¢d vién thire dn nho 1a mot trong nhiing
ndi dung chinh.

Nhu vay, myc dich ciia nghién ctru 1a xac
dinh c4u hinh va kich thudc cta 16 khudn phu
hop cho san xuét cac loai vién thirc an méi.

Pé thyc hién duge muc tiéu nay, nhém
nghién ctru da:

- Str dung phuong phap dong dang dé
thiét ké khudn ép véi 16 khuon méi, trén co
s& ké thira cac thong sb ctia khudn ép sin co
(hinh 6).

- Ap dung 1y thuyét co hoc chét 16ng vé
tinh toan trd lyc dong chay chit long qua 13
(Tran Van Pic, 2003; Phung Van Khuong &
Pham Vin Vinh, 2009), tir d6 x4c dinh chiéu
dai 1 va s6 10 thich hop trén dia khuon.

- Thu nghiém khuoén trén may ép dun
hién co6 cia Xuong san xuat thirc an Cai Be.

- Hoan thién thiét ké khudén cho may ép
dun dé san xuat thirc an vién ¢& nho.
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Hinh 5: So' d cAu tao may ép dun (extruder) tai Xwéng thire in Cai Be.

(1: budng hip; 2&3: clra cap liéu va théo liéu ciia budng hap; 4: Pong co budng hap; 5:
Vit ép dun; 6: Gia d&; 7: Pong co chinh; 8: Pau dao cit; 9: Dong co quay dao cit).

P i =
R sl R

Hinh 6. Pia khuén cii ciia xwéng Cai Bé: a) 16 khuon ¢8 mm; b) 16 ¢5 mm

III. KET QUA VA THAO LUAN thai gn giéng chat 1ong nhét (fluidized). Dudi

, 2 tac dong cta ap suét ép, chuyén dong cua vat
3.1. Ung dung thuit to4an dé xac dinh ong P p, ctyen cong ’

. T lidu qua 16 khudn tuan theo quy luat ctia co hoc
kich thudc 10 khuon mai

luu chét. Vi vay, luu lugng vat liéu bot nhao
Khi duge dun chin va nhao tron manh  qua 16 khuén (Q) c¢6 thé dugc tinh theo cong
trong buéng €p, vat liéu dang bot nhao co trang  thirc (Brett Glencross,2011):

Q=K.n.Ap/p
Trong do: K = Hé s6 dan cua 16 khudn, K = nd*/(128L) (1)
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n = s6 15 trén khuon;

Ap = Chénh l&ch ap suét trudc va sau 16 khuoén (N/mm>);

1= Do nhét biéu kién cua luu chat (Ns/mm?);

L = chiéu dai 16 khudén (mm).

Theo ly thuyét dong dang (Nguyén Bin,
2008), trén cung may ¢ép, cung loai vat li¢u thi
gid tri cua Ap va p khong thay doi véi cac 18
khuon co kich thudce khac nhau. Nhu vay, voi
hai dia khuon c6 kich thuéc 16 d1 va d2 khac
nhau, ta c6 quan hé ty 1¢:

Q,/Q,
Hay:

=n,K/(nK))
n, =n K Q/(K Q1) (2)
Pic biét, khi nang suat may khong doi
(Q,=Q)taco:n/n =K /K,
N6i cach khac, véi ciing ning suit may
ép, khi thiét ké khuon méi can c6 s6 18 ty 16

D170
D146
D94
Des
\
|
D60
D100
D150

nghich vdi h¢ s6 dan cua 16 khuon.

Tir cac quan hé (1) va (2), v6i chiéu dai
ctia 16 khudn L, thich hop ta c6 thé tinh duoc sb
16 khuon n2 ctia khuoén méi (c6 duong kinh 16
d2) tir cac thong sb cua dia khuon cii (hinh 7).

Khi kich thuéc 16 khudn (d) cang giam,
dé duy tri ap suat ép khong doi thi s6 16 (n)
trén khuon cang phai tang 1€n . Tuy nhién, do
dién tich bé mat khudn han ché nén khong thé
bb tri qua nhiéu 15 trén khudn. Trong trudng
hop d6 can phai giam chiéu dai 16 (L) va giam
nang suat may (Q).

KHUON EP

thep 45

Hinh 7. CAu tao va kich thwéc chi tiét ciia dia khuén cii (16 khudn ®8)

3.2. Két qua tinh toan va thiét ké dia khudn méi

Khéo sat dia khuon cii, ta xac dinh duoc kich thude 16 khuon va cac thong s6 dan xuat

lién quan dugc ghi lai trong bang 1.

76| S6 16 (s6 Xuin) nim 2019 & S6 17 nam 2020



TAP CHI KHOA HOC DAI HOC CUU LONG S44/2)

Bdng 1. Cac thong 6 ciia cdc dia khuén cii (1a va 1b)

gpp  Puongkinh 16 Chiéudaild  S615 H¢ s6 din Ning suat
d1 (mm) L1 (mm) (n1) (K1) (Q1)
Pia la 8 10 6 10,048 500
Pia 1b 5 4 10 3,833 320

Lay dia khuon cii (1a) 1am chuan dong
dang, thiét ké khuon méi c6 dudng kinh 156 d
=2 mm v&i ba muc ning suit khac nhau (Q2
=Q1;Q2=0,7Q1; Q2=0,5Q1). Bé xac dinh

duge s6 18 khuon thich hop cho mdi gia tri
ning suat, ta chon 5 ¢& chidu dai 16 L2 tir Imm
t6i 5 mm. Bang 2 ghi lai két qua tinh K2 (theo
cong thuc 1) va n2 (cong thuc 2).

Bing 2. Két qud tinh hé sé dan (K2) va sé 16 (n2) khuén méi véi ning sudt Q2 khdc nhau

Ningsuft L2 (mm) 1 2 3 4 5
K2 0.3925 0.1962  0.1308  0.0981  0.0785
Q2=0l n2a 154 307 461 614 768
Q2=0,7Q1 n2b 108 215 323 430 538
Q2 =0,50Q1 n2c 77 154 230 307 384

Két qua tinh toan cho thay, vai kich thudc
16 @2, tily ning suit yéu cau va chiéu dai 16
ma s6 luong 18 trén khudn tinh duoc tir 77 15
tGi 768 16, s6 lwong nay gap nhiéu 1an so voi
6 16 trén khudn mau. Do dién tich dia khuén

han ché (dudng kinh ngoai ctia dia khuén 1a D
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=150 mm) chi ¢o thé bé tri s6 16 trén dia t6i
da 1a 200 15. Mat khac, néu chon chiéu dai 15
L2 = | mm thi thanh 16 qua méng anh hudng
t6i do bén cua khudn. Vi vay lua chon hop 1y
1a chiéu dai 16 2 mm, s6 16 154 cho ning suat
may Q2 =0,5Q1 =250 kg/h.

Hinh 8. CAu tao va kich thude chi tiét ciia dia khuén méi (16 khudn ®2)
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Tir két qua tinh toan & trén, dia khu6n
moi véi duong kinh 16 ®2 da duoc thiét ké
chi tiét thé hién trén hinh 8. Khuon c6 144 19,
chiéu dai 16 2 mm, cho nang suit thyc té trong
khoang 230 - 260 kg/h. Twong tu, c6 thé thiét
ké dia khuén cho san pham kich thu6c khéc.
Cac dia khudn theo ban thiét ké da duoc ché

HF[HIIHHWIHP]HHW' il
Ll 2L.EES
Hinh 9. Po ¢& vién thire an

KET LUAN

Trén co s& 1y thuyét co hoc luu chat két
hop véi nghién ctru truc tiép trén day chuyén
san xudt tai Xuong thirc an Cai Bé - Tién Giang,
phuong phap tinh toan thiét ké dia khuén cho
may ép dun di dugc dé xuat va ung dung co
hi¢u qua vao thuc té san xudt, tao ra cac loai
vién thirc an phu hgp cho nuoéi ca & cac kich
cd khac nhau. Phuong phap nay cho phép co
sO san xuat thie 3n va co khi dia phuong co
thé tu thiét ké ché tao cac dia khuon cho san
pham méi ma khong phai nhap ngoai hodc ton
nhiéu cong sirc, kinh phi ché tao thir nghiém
nhiéu 1an. Phuong phap nay ciing c6 thé tham
khao ap dung cho viéc thiét ké cac dia khudn
may ép dun san xuat cac loai san pham trong
céc linh vyre khac nhu cong nghiép thuc pham
(banh keo) va ché bién vat liéu déo.
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