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Ung dung ly thuyét co hoc chat long dé thiét ké dia
khuon cia may ép dun tao hinh thirc an thay san

Lé Birc Trung
Trudng Pai hoc Hiung Vwong Thanh phé H6 Chi Minh

TOM TAT

Diakhuénmady éplabé phdn quyétdinhkichthwdchinhdangsdnphdm, khimuén thay déicdsan
phdm ngudita cdn phdithay déidia khudn. Cdcco'sdsdnxudtndy cénphdiddtkhuén mditircdc
céng ty cung cdp mdy hodc tw ché tao va thr nghiém nhiéu lan, tén nhiéu kinh phi, céng strc va
thoigian. Bai bdo nay dé xudt mét phwong phdp mdidwa trén ly thuyét co hoc chét 1éng dé tinh
todn thiét ké dia khuén cua mdy ép dun khi cdn phdt trién sén phdm mdi. Phwong phdp dé dwoc
kiém chirng thanh céng tai Xwdng sén xudt thirc dn Cai Bé thube Vién Nghién ciru Nubitréng Thiy

sanll(RIA2)vanhamdythiucdnchdnnubiNong-Teng ¢ Vién Chdn—Lao.

Tirkhéa:thicdn, ép dan, diakhuén, cohocchdtlong

1.GIOITHIEU

Ep dun (extrusion) 13 qué trinh tao hinh dang
sanphamtirvatliéudéo(dangbodtnhao)bang
cach épvatliéudiquamotsd 16 khudn céd hinh
dangthichhop.

Congnghéépduncdlichslrphattriénkhoang
hon 200 ndm. Theo Mian N. R. [1], nguwdi dau
tién ap dung ki thuat nay la Joseph Bramah
(ngwdiAnh).Vaonam 1797, 6ngdasirdungco
ciu piston dé ép tao hinh 8ng dan (chi). Gan
3/4 thé ky sau, vao nhirng ndm 1870, ép dun
bangtrucvitlan dau dwgc *ngdungtrongsan
Xuat cao su va xuc xich. T nhirtng ndm 1930,
céng nghé ép dun bang truc vit d3 dugc irng
dung réng rai trong san xuat thuc phdm. Céc
phat minh vé cdu hinh truc vit ép (screw),
buéng ép (barrel), buéng hd hda nguyén liéu
(pre-conditioner) 1an Iwot ra doi. Dao cat
(cutter), dTa khudn (die plate), diéu khién tu
déng cling dwogc cdi tién lién tuc. Cac may ép
dun hién dai duoc thiét ké t6i vu két hop tuw
dong kiém soat va diéu chinh théng s6 van
hanh, cho phép sdn xudtvdinangsuatcao, chi
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phinanglugng thip, giam thiéu phu phéliéu,
dandé&ngidmgiathanhvanangcaochatlvong
san pham. Nh& d6, phwong phap ép dun ngay
nay duoc &rng dung trong nhiéu linh vue, nhu
san xuat d6 nhya, cong nghiép thywc pham va
thirc an chan nubi. Viét Nam hién c6 khoang
trén 200 nha may st dung céng nghé ép dun
détaoviénthircannudicd, vditéngsanluong
trén hai triéu tdn/nam [2]. Da s6 cdc may ép
dun dugc nhap ngoai tr cac nudc phat trién,
mot s6 dugc ché tao trong nuwéc theo mau
may nudcngoai.

Trong cong nghiép tén tai nhiéu loai may ép
dun khac nhau, dugc mo ta trén Hinh 1. May
ép dun c6 bd phan chinh bao gém: cap liéu,
hap chin (cooking/pre-conditioner), vit ép,
vit don (single screw) hoac vit doi (tween
screw), khuon (dang dia cé nhiéu 16 khuén),
dau cat vién. May truc vit d6i cdu tao phirc
tap, gid thanh ché& tao cao nhung cé thé tao
lwc ép 1dn, 8n dinh, sdn phdm déng déu hon
trucvitdon.
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Hinh 1. So' d6 céu tao mét sé logi mdy ép dun [1]

Coéng nghé ép dun cé nhiéu wu diém so vdi cac
cdng nghé tao hinh khac. N6 cé thé thuc hién
nhiéu chirc ndng khac nhau trong cing mot ¢
may: dinh lwgng, phdi trdn, nau chinh, tao hinh,
.. Vi vAy hé théng san xuat kha gon nhe. Trong
may ép dun hién dai, nguyén liéu dwgc hap chin
bang hoi nudc két hop véi nang lvong ma sat khi
truc vit quay, k&t qua 13 thuc pham bj bién déi ca
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vé tinh chat vat ly, hda hoc cling nhw cdm quan.
Hinh 2 md ta s bién déi tinh bot khi qua may ép dun.
S&rdung cdng nghé ép dun cé thé tao dugc nhiéu
hinh dang san pham véi cac dic tinh khdc nhau
Ve cau truc, dd x6p, mau sac, mui vi. Hinh 3 thé
hién kha nang tao hinh da dang trong san xuat
banh keo, mi &ng, snack, thirc an chan nudi, ...
bang cédng nghé ép dun.

Ciat va ép

Truong n&

Dextrin hoa

Hinh 2. Qud trinh bién déi tinh bét khi ché bién bdng céng nghé ép dun [3]

Hinh 3. San phdm da dang tir céng nghe ép dun [4]
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B6 phan quyét dinh hinh dang, kich thuwéc cta
san pham 13 dia khuén. C4u tao dia khudn cua
mot s6 sdn pham thirc 3n duwgc mo ta trén Hinh 4.
Khi thay d6i cau hinh 16 khuén, hinh dang san
pham ciing thay d6i theo. Ngoai vai trd quyét
dinh trong tao hinh, dia khudn con cé anh hudng
quan trong t&i cau tric cta san pham (d6 x8p) va
dd 6n dinh mdy ép khi van hanh. Vi vay, mbi loai

san pham can cé nghién ctru thiét ké mot loai dia
khuon thich hop.

Kich thuée va hinh dang san pham phu thudc kich
thudc va hinh dang 16 khudn. Tuy loai nguyén liéu
va do truwong nd cua bét nhao (phu thudc nhiét
d6 va p suat budng ép) ma kich thuéc 16 khudn
thuwdng nhd hon kich thudc san pham (khoang
5% t6i 30%).

Hinh 4. M6t sé kiéu dia khuén va hinh dang sdn phém tir mdy ép dun [4]

2.PHU'O'NG PHAP NGHIEN CU'U

Xudng san xuat thirc an nudi thay san thudc
Trung tam Cong nghé thirc an va Sau thu hoach
(truc thudc Vién nghién ciru Nudi trong Thiy
san I1) tai huyén C&i Bé — tinh Tién Giang dwoc
trang bi mot day chuyén sir dung cdng nghé ép
dun dé san xudt thic &n nudi ca. Trong day
chuyén nay, mdy ép dun (Hinh 5) duoc nhap tir
Hungary, von laloai may trucvit don duwgc thiét
k€& dé€ san xuat mot sé loai thirc dn vién hinh tru
V@i cd vién tir @ =4 mm tdi @ = 10 mm, chd yéu
chovatnudinhuchd, méovacdacloaicdlén. Tuy
nhién, nhu cau thuc té& tai co s& Cai Bé lai can
san xuatloaithtrcan cé cdviénbé hon (tir1.5-
3.0mm) phucvucho cictraicd giéng.

Nhiém vy dat ra la can nghién clru cai tao may
ép dun hién c6 dé cé thé san xuat dwoc vién
thircan cdnhd. Trong d6, viéc tinh todn thiét ké
va ché tao dia khudn mdi sao cho phl hop vdi
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cd vién thic an nhd la mot trong nhitng nbi
dungchinh.

Nhw vdy, muc dich cGa nghién ctru la xac dinh
cau hinh, kich thuécvasé 16 khuén phu hgp cho
sanxuatcacloaiviénthlican mai.

Pé thuc hién dugc muctiéu nay, nghién ctru da:

- Sir dung phuong phap dong dang dé thiét ké
khudn ép véi 16 khudn méi, trén co sé ké thira
cacthong sd clia khudn ép clisan cé (Hinh 6).

- Ap dung ly thuyét co hoc chat 1dng vé tinh
toan trd lwc dong chay chatléng qua b [5- 6],
tir d6 xac dinh chiéu dai 16 va s6 16 thich hop
trén dia khuon.

- Hoan thién thiét k& va ché tao khuén may ép
dun dé san xuat thirc 3n vién c& nho.

- Thi&r nghiém khudn mai dé san xuat thirc 3n
trén mdy ép dun hién cé.
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Hinh 5. So d6 cdu tao mdy ép dun (extruder) tai xwdng thirc dn Cdi Bé

Chd thich: 1 - Budng hép; 2&3 - Clra cép liéu va thdo liéu cua bubng hép; 4 - Déng co bubng hép;
5- Vit ép dun; 6 - Gid d&; 7 - Péng co chinh; 8 - Pau dao cat; 9 - Péng co quay dao cdt.

May ép dun tao vién thirc &n néi v&i ndng suat
tlr 400 — 500 kg/h trong khoang duong kinh
vién tlr 4 mm tdi 10 mm. Cac thanh phan
nguyén liéu sau khi nghién min dwgc cip déu
ddnvao budng hap nho vit nap liéu (khéng thé
hiéntrén hinhvé). Taiday, hoinudcduocphun
vao trén vdi bot dé thyc hién qud trinh hd hoa

a)
Hinh 6. Bia khuén cii tai xwdéng Cdi Bé: a) 16 khuén ¢8 mm; b) 16 5 mm

3.KET QUA VATHAO LUAN

3.1. Ung dung ly thuyét co hoc chat ldng dé xac
dinh kich thudc16 khudn méi

Khi dugc dun chin va nhao tron manh trong
budng ép, vat liéu dang bét nhdo cé trang thai
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(duoc mo ta trén Hinh 2). Sau khi ho hda, bot
néng 4m duwoc chuyén xudng vit ép. Tai day
khéi bot duwoc nhao trén, ti€p tuc dun néng
nh& ma sat, canh vit tao dp lwc day khéi bot vé
phia dia khuén. D& hinh dang va kich thudcsan
pham déu, ap suat bén trong budng ép can
duocduytridndinh.

gan giéng chat 1dng nhdt (fluidized). Dudi tac
doéng cla 4p suat ép, chuyén dong cla vat liéu
qua 16 khuon tuan theo quy luat clia co hoc chat
1dng. Vi vay, lvu luong vat liéu bot nhao qua 16
khuén (Q) c6 thé dwoc tinh theo céng thirc [5, 7]:
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Q=K.n.Ap/u

Trong d6: K=Hé s6 dan ctial6 khuon,
K=nd"/(128L) (1)
n=s616trén khudn;

Ap = chénh léch 4p suat trudce va sau 16 khudn,
(N/mm’);

u=d6 nhat biéu kién cha lwu chat, (Ns/mm?);
L=chiéu dailé khuon, (mm).

Theo ly thuyét déng dang [8], trén cung mdy ép,
cung loaivatliéu thigia tricta Ap va pkhéng thay
d6i v&i cac 16 khudn cé kich thuwdc khac nhau.
Nhuw vay, véi hai dia khuén cé kich thudc 16 d, va
d,khacnhau,tacé quanhétylé:
Q,/Q,=nK,/(nK,)

Hay: n,=n,K,Q,/(K,Q,) (2)

28 I

Dic biét, khi ndng sudt may khéng déi (Q,=Q,) ta
cé:n,/n, =K /K,

Néi cach khéc, vai cung nang suat may ép, khi
thiét k& khudn méican cé s 16 ty 1& nghich vdi hé
s6 dan ctald khudn.

T cdc quan hé (1) va (2), véi chiéu dai cla 16
khuén L, thich hop ta cé thé tinh dwoc s6 16
khudn n, cia khudn méi (cé dwong kinh 16 d,) tir
cacthdng sé cua diakhuén cli (Hinh 7).

Khi kich thuée 16 khudn (d) cang gidm, dé duy tri
ap suat ép khong dai thisé 16 (n) trén khudn cang
phai tdng 1&én. Tuy nhién, do dién tich bé mat
khudn han ché nén khong thé bé tri qua nhiéu 16
trén khudn. Trong trwdng hop d6 can phai giam
chiéu daild (L) va giam nang suat may (Q).

Lo khuon

)

DI8

L

5

D

D169.8

==nl

I

3.2.Két qua tinh toan va thiét ké diakhuén méi
Khao sat dia khudn cii, ta xac dinh duoc kich
thudc 16 khudn va cac thong s6 dan xuat lién
quanduogcghilaitrongBang1.

Lay dTa khudn cii (1a) lam chuin d6ng dang,
thiét ké khuén méi cé duwong kinh 16 d =2 mm
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Hinh 7. C4u tao va kich thwdc chi tiét cla dia khudén cii (16 khuén ¢8)

v@i ba mirc ning suit khac nhau (Q, = Q;
Q,=0.7Q,; Q, = 0.5Q,). P& xac dinh dwoc s8 16
khuén thich hgp cho mbi gia tri ndng suat, ta
chon5c&chiéudaild L, tir 1 mmtédi5 mm. Bang
2 ghi lai két qua tinh K, (theo cong thirc 1) va n,
(congthirc2).
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Béng 1. Cdc théng sé cua dia cdc dia khuén cii (1ava 1b)

STT | Buongkinh1d di(mm) | Chiéu dai 16 Ly (mm) | S& 16 (n1) | Hé s6 dan (K1) | Nang suat (Qa)
bia l1a 8 10 6 10.048 500
Pia 1b 5 4 10 3.833 320

Bdng 2. Két qud tinh hé s6 dén (K,) va s6 16 (n,) khuén mdivdindng sudt Q,khdc nhau

Ning sust L, (mm) 1 2 3 4 5
K2 0.3925 0.1962 0.1308 0.0981 0.0785
Q=Qu N2a 154 307 461 614 768
Q=0.7Q1 N2b 108 215 323 430 538
Q2=0.5Q1 N2c 77 154 230 307 384

K&t qua tinh toan cho thay, vai kich thudc 16
¢,, tuy ndng sudtyéu cauvachiéudaild masé
lwvongldtrénkhudn tinh dugctir 7716 t&i 768
16, s6 lwong nay gap nhiéu lan so véi 616 trén
khudn mau. Do dién tich dia khudn han ché
(dwong kinh ngoai cua dia khuén la D = 150

28

%

mm)chicéthébdtriséldtrén diatdidala200
16. M&t khac, néu chon chidu dailéoL,=1 mm
thi thanh 16 qua mdng anh hudng t&i d6 bén
cta khudn. Vi vay, lva chon hop ly 1a chiéu

dai 16 2 mm, s& 16 154 cho ning suit may
Q,=0.5Q,=250kg/h.

I
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Hinh 8. C4u tao va kich thudc chi tiét cta dia khuén mdi (16 khuén ¢2)

T k€t qua tinh todn & trén, dfa khudn mai
véidudngkinhld¢,ddaduwgcthiétkéchitiét
théhiéntrén Hinh 8.Khudncd 14416, chiéu
dai 16 2 mm, cho ndng suit thyc té trong
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khodng 230 — 260 kg/h. Twong tu, co thé
thiétk&diakhudnchosanphamkichthudc
khdc. Cac dia khuén theo ban thiét ké da
duwocchétaovasirdungdésdnxudtthircan
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nudi cd giéng & Trung tdm Gidng cd nudc
ngot Nam B6 va nha may th&c an chan nubi
Nong-Teng & Vién Chan—Lao [9]. Hinh9va

B2 11

il lm,'l'll'llmlhn

Hinh 9. Do c& vién thirc dn

4. KET LUAN
Tréncosdlythuyétcohocluuchatkéthopvdi
nghién clru tryc tiép trén day chuyén san xuat
taixwdngthircdn CaiBé-Tién Giang, viéctinh
todnthiétkédiakhuéndaduwocdé xuatva ing
dung cé hiéu qua vao thuc té sdn xuét, tao ra
cacloaiviénthicanphuhgpchonudica &cac
kich c& khdc nhau. Gidi phap cling d3 dwoc st
dung tai nha may th&c an chan nuéi Nong-
Teng & Vién Chan — Lao (noi cé may ép dun
dwoccungcapbdicungmdtnhachétao)vacd
két qua twong tw. Nhu vay, cdc nha may san
xudtthrc dnva cdcco sd co khidiaphuongcéd
thé sir dung phwong phap nay dé tu thiét ké
ché tao cac dia khudn cho sdn phdm mdi ma
khéng phai nhap ngoai hodc tdn nhiéu cng
stre, kinh phi ché tao th&r nghiém nhiéu lan.
K&t quaclanghiénclrucilingcéthéthamkhao
dpdungvaoviécthiétké cacdiakhudén mayép
dln sdn xuat cac loai sdn pham trong céc linh
vic khac nhu cédng nghiép thuc pham (banh
keo)vachétaovatliéudéo.
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Application of fluid mechanics principles for die plates
designing of aqua-feed extruders

Le Duc Trung
ABSTRACT
An important part of the machines for forming products is die plates each of them is only suitable for
one specific product. Whenever a new product to be developed, the feed mill have to order a new die
plate from the original supplier that may takes long time and high cost. This article informs a new
method to calculate and design die plates of extruders for new products development. Basing on fluid
mechanics the method has been successfully applied in a number of aqua-feed factories, including
Cai Be feed mill of the Research Institute for Aquaculture No.2 (RIA2) and Nong-Teng feed mill in
Vientiane —the capital of Lao PDR.

Key words: feed, extrusion, die plate, fluid mechanics
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