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NGHIEN Cl’U ANH HUONG CUA GOC NGHIENG CANH PDAO PEN
NANG SUAT MAY TRON NHU'A HAI TRUC

STUDY ON THE EFFECT OF THE ANGLE OF THE BLADE STIRRER TO
PRODUCTIVITY OF PLASTIC MIXER

Nguyén Thi Ngoc Huyén!, Lé Pirc Bao', KS. Tong Pinh Luin Pat?
"Truong Pai hoc Bach Khoa Ha Noi
2Vién Nghién ctru Co khi

TOM TAT

Nganh céng nghiép nhwa ¢ Viét Nam dang cé toc dé phdt trién nhanh va cé tiém nang Ién.
Cong nghé trén nhya la mét trong nhitng cong nghé gia cong nhwa nham cdi thién tinh chdt, mau
sdc va giam gid thanh san pham. Hién nay, mdy trén da dang, nhiéu chiing loai phuc vu cho nhiéu
muc dich va vat liéu tron. Bai bao nay nghién cuu anh huwong cua goc nghiéng canh dao toi nang
sudt tron ciia may trén nhiea ngang hai truc. Trén co sé mé phéng sé tron hai vt liéu nhia dang
hat, két qua chi ra rang méi gid tri géc nghiéng dé dat ti 1é dong déu hat tron (bang 0,5) cé thoi gian
khdc nhau. Ty 16 hat nhwa tron dong déu khi a=45° dat két qua trong thoi gian ngdn hon, ndng cao
ndng sudt trén ciia mdy trén nhiea. Két qua nay cé thé dwa ra thong sé goc canh ddao tham khao cho
thiét ké mdy tron hat nhwa hai truc dat hiéu qua cao, ti 1¢ hat do”‘ng deu.

Tir khéa: My tron ngang hai truc; Géc nghiéng canh dao; Ning sudt may trén.
ABSTRACT

Vietnham's plastics industry is expanding quickly and has a lot of promise. One of the technologies
used in the plastic processing process to enhance characteristics, color, and lower product prices is
plastic mixing technology. The variety of mixers available today serves a variety of needs and can
mix a wide range of materials. This study examines the influence of the angle of the blade stirrer
on the mixer productivity of a horizontal-two shaft mixer. The findings of a numerical simulation of
mixing two granular plastic materials reveal that it takes a variable amount of time for each value of
inclination angle to obtain a homogeneous mixing ratio (equal 0.5). When a = 45° produces result
in a shorter period of time, increasing the plastic mixer's mixing capacity. This study can provide the
reference for angle of the blade stirrer to design horizontal-two shaft mixer to high efficiency, uniform
mixing ratio.

Keywords: Horizontal-two shaft mixer; Angle of the blade stirrer; Mixer productivity.
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1. GIOI THIEU CHUNG

May tron nhya la thiét bi doéng vai tro
quan trong cho qua trinh chuan bj nhya liéu cho
mdi quy trinh gia cong nhya. Hién nay trén thi
truong, c6 rat nhiéu dong san phdm may tron
nhua, dé phuc vu cho mdi nhiém vu khac nhau
ma may ciing dugc chia lam nhiéu loai khac
nhau, ca vé hinh dang 1an cAu tao. Phan loai
theo vi tri tuong quan c6 may tron nhya dung
va may tron nhya ngang; Theo cdu tao: may
tron hinh nén, may tron dang ndi quay, may
tron dang van chuyén. béi véi may tron van
chuyén, tly theo hinh dang cta canh tron co
cac dang: dang bang X04n, dang canh dao, dang
vit tai [1].

Cac may tron van chuyén noi chung co
nguyén ly lam viéc 13 stir dung mot hodc nhiéu
truc, van chuyén vat liéu tron theo cac dong
lién tuc nham muc dich tron 13n cac hat vat liéu
v6i nhau.

Khac véi dang canh tron kiéu bang tai
hay xodn vit c6 bién dang canh cb dinh, may
tron canh dao lai c6 thé thay doi goc do cac tay
tron trén canh dao nham thay d6i nang suét tron
cua may. Nho vao viéc phan tich dong vat li¢u
trong qua trinh tron, ta co thé tinh toan duoc
khéi lugng vt liéu tron trong moi phut tir d6
xac dinh cong suit cia may. Ning sudt cia
méy phu thudc vao cac thong sb chinh nhur hinh
dang canh ddo, khéi luong riéng cua vat liéu
tron va géc nghiéng cia canh dao so voi truc
quay [3]. Pa c6 nhitng nghién ctru vé md hinh
hoa va tinh toan cong suat may tron dang canh
xodn, cho thdy méi quan hé giita gbc nghiéng
xodn dén cong suit va ning suit may, dua ra
biéu thire tinh 4p luc va tinh toan c6 két qua
khong sai khéc so voi thuc nghiém 1a 5% [4].
Theo tac gia Mauereen L, Maureen L. Rathod
a, Jozef L. Kokini, voi vat liéu 1a chat 16ng phi
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Newton, thong s6 hinh hoc may va diéu kién
1am viéc quyét dinh dén nang suat may tron [5].
Str dung phuong phap phan tir hiru han, cac tac
gia Kiran V. Vyakaranam, Bharani K. Ashokan,
Jozef L. Kokini da dua ra m6 phong may tron
hai truc va thuc nghi¢m tinh toan van tde dong
vat liéu tron voi luu lugng khac nhau cho két
qua vé cach sip xép cac canh tron trong budng
tron theo cach 2x90 1a téi wu, cho ning suit 1a
cao nhét, duoc thé hién ¢ hinh 1 [6].
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Hinh 1. Cdch scp xép canh trén véi ba phirong én

Vi vat liéu hat nhua tron, bai bao dua
ra nghién ctru anh hudng cia goc canh dao voi
dang may tron ngang hai truc trén co s& mo
hinh héa va mo phong dong vat liéu hat nhua
nhét dinh, tir 46 danh gia sy thay ddi ciia ning
suat thong qua ti 18 ddng déu cua hat tron khi
thay d6i gia tri goc cua canh dao.

2. PHUONG PHAP XAC PINH NANG
SUAT MAY TRON HAI TRUC CANH PAO

2.1. May tron ngang hai truc canh dio

May tron nhua ngang thuong dung dé
tron nguyén li¢u dang bot, dang hat nhya nhu
ABS (1,06 - 1,08 g/cm?®), PP (0,95 g/cm?), PVC
(1,25 - 1,46 g/cm?), v.v. Loai may nay c6 toc do
vong quay cham nén ning suat khong cao nhu
may tron dung nhung tron nguyén lidu déu,
ty 1& tron dat 80% - 90%, c6 thé sir dung cho
ca nguyén liéu kho va nguyén li¢u udt. May
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tron nhya trong nghién ctru co thé tron nhya
voi kich thudce hat 2 - 3 mm, nang suat: 1000
kg/30phut. So d6 dong may tron nhua hai truc
canh ddo duoc thé hién ¢ hinh 2.

Hinh 2. So' d6 nguyén 1y ciia mdy trén nhwa hai
canh dao
1 - Banh rang dan dong; 2 - Truc tron,
3 - V6 thung tron; 4 - Canh dao,
5 - Bé truyén xich; 6 - Hop giam toc; 7 - Béng co.

2.2. Phwong phap xic dinh ning suat

May tron nhua ngang hai canh ddo la
loai may cong suét 16n, mdi chu trinh lam viéc
mot may co thé tron hang tan nhua liéu, viéc
nang cao ning suét tron s& co ¥ nghia kinh té
cao dbi v6i san xudt. Hat vat liéu di chuyen
trong bd phan tron c6 cac chuyen dong sap xép
theo dudng xodn, luan chuyén theo phwong doc
truc, phuong thang ding va chuyén dong quay
vong trong thung tron [2]. Dong van chuyén
vat liéu theo phuong vong va cac thong sb tinh
toan dugc thé hién & hinh 3.

Hinh 3. So' do dong vin chuyén theo phirong vong

voi thung tron

Cong suét cia dong co dan dong may
tron c6 thé dugc xac dinh nhu sau [3]:

Ny+Nz+Ng+Ny+Ns+Ng ()
1000.1

N =
Trong do:

N,: Cong suat dé quay céac ban tay tron
trong hon hop tron [W];

N, =uw.K.b.Cosa.w. ra

2

N,: Cong sut dé quay cac canh tay
tron trong hon hop trén [W];

r? —a?

N, :u.K.bl.Cosa.w.T

N,: Cong sut dé thang luc ma sat sinh
ra do chuyen dong cua vat liéu voi vo thung
tron [W];

N,=p,.m.gro (4)

3)

N,: Cong suét dé van chuyén vat liéu di
doc theo thung tron [W];

iy My.g.S.w

N, = (%)

2T
N,: Cong suat dé nang vat liéu Ién cao
trong qua trinh tron [W];

180.m5.g9.7.w.Sind

N =
5 o.r

(6)

N,: Cong suat dé thang luc ma sat giira
hon hop tron voi cac canh cua canh tron, ban
tay tron va ket do yéu to ngau nhién [W];

N, = 10%.(N, + N, + N, + N, + N) (7)

n: Hi¢u suat cua truyén dong co khi, bao
gom: Ton that ma sat trong cac 6 do truc tron,
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tén thit ma sat do hop giam tdc va bd truyén
dong dai..., n.=0,8.

Néng suat cua truc tron:

D061 vo1 may tron nhya roi, lam viéce
gian doan, nang suat cia may dugc xac dinh
theo cong thuce [1]:

M

Q= ty+t+tg ®)
Trong do:

- Q la nang suat tron, [kg/phut];

- M la khéi luong vat lisu mdi mé tron, [ke];
- t, 1a thoi gian nap ligu [phut];

- t, 1a thoi gian tron vat li¢u [phat];

- t, 1a thoi gian xa ligu [phut].

Thoi gian tron 1a yéu t6 quyét dinh do
ddng déu vat liéu tron. Mdi quan hé giira thoi
gian tron v6i s6 vong quay duoc thé hién theo
cong thic:

t.n=K= const ©)

Trong do: t - Thot gian tron [phut], n -
S6 vong quay [vg/ph], K - Hang so.

Gia tri ciia hang s6 K x4c dinh bang
thuc nghiém, ddi véi may tron loai canh co
d = (0,85 -0,90)D va H = (0,7 - 0,8)D thi
K =300 - 400.

Dbi v6i mot may tron 6 thong sé kich
thude co dinh doi véi cung mat loai vat ligu,
cong suat dong co phu thude vao toc do goc cua
truc chinh o va goc nghiéng ctia canh ddo o, ma

n L Ay o ,
—— hay N =f{{(a, n). Do do, nang suat cua may
30m
Q = f(t) hodc Q = f(n) [4].

Trong thuc t€, cong suat ciia may la co
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dinh, nén n = f(a) hay s6 vong quay truc chinh
phu thudc vao goc nghiéng cia ban tay tron.
Trén co s d6 thiét 1ap thong s6 vao cho mé
hinh s6 mé phong dong vat liéu tron dé danh
gia mdi lién hé giira o va n.

3.MO PHONG SO DONG VAT LIEU TRON

Dé xay dung mo6 hinh thyc nghiém, dix
li¢u dau vao gdm céac thong so chinh sau:

- Sb canh tay tron chim trong vat li€u: u =3;

- S6 canh tay tron: Z = 12;

- Hé s can chuyén dong ciia ban tay tron
trong cap phdi vat liéu: K = 3.10* (N/m?);

- Bé rong ban tay tron: b = 0,395 (m);

- Khoang cach tir tim truc tron dén mép ngoai
ban tay tron: r = 0,395 (m);

- Ban kinh truc tron: r, = 0,060 (m);

- Khoang cach tir tAm truc tron dén mép trong
ban tay tron: a = 0,335 (m);

- Chiéu day canh tay tron: b, = 0,025 (m);

- Hé sb ma sat gitra vat liéu va v thung tron:
u, = 0,65;

- Budc vit: S=1 (mm);

- Go6c chan ndn cda vat licu trén ban tay tron:
p=20%

- Go6c ma sat dong: 6= 20°.

Lua chon dong co c6 cong suat N =
50kW, thay vao cong thuc (1), tinh dugc cong
suit ciia may tron N = 50000 [W]. Bé dua vao
nghién ctru thuc nghi€m, ta chon gia tri a thudc
dai goc tir 30 dén 60 d6, day duogc coi la goc lap
dit tdi wu cho canh dao [7, 8]. Vi khdi luong
vat liéu tron 1a M = 1 tin, v6i mdi gia tri cua
o thoi gian va toc do tron twong tmg. M6 hinh

thung tron va canh dao dugc thé hién & hinh 4. ©
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Hinh 4. Mé hinh thiing trén va bo tri canh dao

Tién hanh mé phong dong vat li¢u tron trén phén mém ANSYS, vat liéu nhua duoc sit
dung nguyén sinh: ABS v&i hai mau xanh, do c6 khi lugng riéng p = 1060 (kg/m?). M6 phong
v6i goc nghiéng lan lugt 1a o = 30°; a = 45°; a = 60° véi toc do truc quay tuong tmg. Chia thung
theo chiéu dai truc thanh 05 khoang déu nhau, c6 thé tich nhu nhau. Viéc danh gia ti 1€ hat do/hat
xanh trén cac don vi thé tich twong duong nhau sé& cho két qua danh gia vé 46 dong déu giira hai
loai hat ¢ cac khu vuc trén moi don vi thoi gian.

4. KET QUA VA THAO LUAN

Mo phong tron cac mé hinh trong cling thoi gian t = 20 phat. Két qua mo phong dugc thé
hién ¢ hinh 5.

a) Trudc khi tron b) Két qua sau khi trén
Hinh 5. M6 phong trude khi trén va két qua mé phong sau khi trén

Véi goc o= 30°, gbe o =45°, goc a = 60°, ty 1€ hat do/hat xanh & cac khu vuc theo thoi gian
duoc thé hién & bang 1.
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Bdng 1. Ty Ié hat dé/hat xanh géc canh ddo thay doi.

. Goc a=30° Goc a =45° Goéc a =60°
(phut)

KVl | KV2 | KV3 | KV4 | KV5 | KVI | KV2 | KV3 | Kv4 | KV5 | KVl | KV2 | KV3 | Kv4 | KV5
2 0.0026 | 0.0083 | 0.5389 | 0.9949 | 0.9971 | 0.0013 | 0.0084 | 0.5073 | 0.9883 1 0.0046 | 0.0081 | 0.4848 | 0.9824 | 0.9997
4 0.0024 | 0.0537 | 0.5201 | 0.9235 | 0.9954 | 0.0015 | 0.0612 | 0.5368 | 0.8848 | 0.9965 | 0.0086 | 0.0492 | 0.5445 | 0.8774 | 0.9993
6 0.0078 | 0.1723 | 0.5459 | 0.7831 | 0.9732 | 0.0065 | 0.1927 | 0.5536 | 0.756 | 0.965 | 0.0098 | 0.1779 | 0.5704 | 0.7414 | 0.9738
8 0.0316 | 02974 | 0.5897 | 0.68 | 0.896 | 0.0172 | 03442 | 0.5662 | 0.6638 | 0.872 | 0.0241 | 0.3118 | 0.5657 | 0.6797 | 0.8899
10 | 0.0683 | 03591 | 0.5846 | 0.6323 | 0.8115 | 0.0577 | 0.4603 | 0.573 | 0.6058 | 0.7483 | 0.0557 | 0.4057 | 0.578 | 0.6308 | 0.7958
12| 0.1146 | 04357 | 05753 | 0597 | 0.719 | 0.1083 | 0.5286 | 0.5827 | 0.5398 | 0.6455 | 0.1146 | 0458 | 0.5621 | 0.5621 | 0.7126
14 | 0.1678 | 04747 | 0.565 | 0.5846 | 0.6495 | 0.1615 | 0.5532 | 0.5806 | 0.5265 | 0.5851 | 0.1753 | 0.4981 | 055 | 0.5528 | 0.6441
16 | 02145 | 04752 | 0.5665 | 0.5659 | 0.6029 | 0.2135 | 0.5496 | 0.569 | 0.522 | 0.5495 | 0.237 | 0.5163 | 0.5328 | 0.5548 | 0.5867
18 | 02477 | 04916 | 0.5631 | 0.5427 | 0.5613 | 0.2622 | 0.5539 | 0.5569 | 0.5105 | 0.5275 | 0.2882 | 0.5196 | 0.5328 | 0.5284 | 0.5639
20 | 02966 | 0.4891 | 0.5456 | 0.5555 | 0.53334 | 0.2992 | 0.5461 | 0.5233 | 0.5274 | 0.5067 | 0.3236 | 0.5311 | 0.5313 | 0.509 | 0.5405

Tir bang s6 liéu cho thay, khu vuc 1
(khu vuc ¢ dau truc tron) co thoi gian dé dat do
déu 1a 1au nhat. Khu vue cubi truc 1a khu vuc
dé dong vat lidu chuyén huéng va di chuyén
nguoc lai, theo d6 dong vat li¢u sé bi ddn va va
cham vao thanh cua thung tron, luong vat li¢u
ngoai tam canh tay s€ bi or khién cho do déu cua
khu vuc nay lau dat t6i gid tri 0,5. Dong thoi,
dong vat li¢u dich chuyén theo ngugc chiéu 0 5
kim déng hd, bit dau tir vi tri truc tron nén day
1a khu vire ¢6 d6 dong déu thap hon ca.

Tv Ié dong deu trung binh khi thay doi géc canh dao
—e—3040 45 a6 60 do Poly. (45 d8)
y =-0.0008x? + 0.0182x + 0.4732

JM_"'__‘—.-.—-‘-W-—J'L\___‘A

Ty 1é ding déu

15 20 25

10
Théi gian (phit)

Hinh 6. D6 thi so sanh ty 1é tron dong déu véi goc
cdanh ddo thay déi
Duya vao hinh 5, bang 1, cho théy theo

thoi gian, cac dudng mau tuong trung cho ti I¢
q cta cac khu vuce ¢6 xu huéng chuyén dich vé
gia tri 0,5, didu nay c6 nghia nhya trong mdi
khu vuc tré nén déu hon. Khoang cach giira
duong biéu thi cho d6 dong déu vit liéu chung
trong thung. So sanh ty 1& ddng déu khi thay d6i
goc a=30°, goc a =45°, goc o = 60° dugc biéu
dién trén hinh 6.

Hinh 6 cho thdy voi goc nghiéng a =
45° gan voi ham 1y thuyét v6i hé sé tuong
quan R? = 0,972, mdi quan hé giira thoi gian
tron va ty 1& tron dong déu (cang gan véi 0,5)
¢6 ham hdi quy phi tuyén dang: Ham ty 16 q =
-0,0008t> + 0,0182t + 0,4732 (10). Gia tri q cang
gan vai 0,5 cang thé hién lugng nhya trén khu
vuc d6 da duge tron déu dén hon 90% [8, 9].
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M0 hinh goc nghiéng a = 45°va a = 60°
cho két qua tron kha twong ddng nhau, cho thdy
hai gdc tron nay dat hi¢u qua tron cao hon. Tuy
nhién, lugng nhya ¢ cac khu vyc trong thung
tron voi goc o = 45° ¢6 thoi gian dat do dong
déu (q = 0,5) nhanh hon va ¢ ning suit cao
nhét, hiéu qua tron ddng déu cao nhat. Panh gia
nang suét ctia may tron nhya dya trén ty 1€ tron
ddng déu va thoi gian tdi uu dé dat ty 16 do.+
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