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Mdy cdp liéu rung hai chdt thé GZS hién dang diing nhiéu trong cdc nganh
khai thdc mé, xdy dung...tuy nhién ndng sudt ctia mdy van con han ché béi vi
né phu thudc vao nhiéu tham sé (céng nghé, hinh hoc, déng hoc, déng luc
hoc...), viéc tim ra gid tri hop ly ctia cdc tham s dé dé mdy lam viéc cho ning
sudt cao la hét sirc quan trong. Vi vdy trong nghién ctru ciia minh nhém tdc
gid di sdu vao phan tich dnh hwéng ctia cdc tham sé dé dén mdy trong qud
trinh lam viéc, sau dé tng dung phdn mém Matlab téi wu héa véi ham muc
tiéu la vdn tdc trung binh cta hat vdt liéu (vq) tir dé tim ra gid tri hop Iy cua
cdc tham s6 d6 dé mdy cé ndng sudt Iom nhdt khi lam viéc. Két qud nghién ctru
6 thé lam tai liéu tham khdo cho cdc nha khoa hoc trong qud trinh nghién
ctru, thiét ké ché tao mdy.
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1. M& dau

Ruan Wen Su (Van Xo Nguyen, 2013) trng dung
phan mém ADAMS d€ mé phong dong luc hoc ciia

May cAp liéu rung loai hai chit thé GZS hién
nay dang duoc st dung rong rii trong nhiéu linh
vuc (Wang Yun Chi, 2003), két cdu va nguyén ly
lam viéc cia n6 nhw hinh 1: bé ga dong co dién (4)
va dong co dién kich dao déng (6) t6 hop thanh bd
phan kich dao dong tao ra lwc kich dao dong khéng
déi, thong qua 1o xo chti déng (3) truyén dén mang
cap liéu (2),1am cho mang cap liéu dao dong lac dé
thuc hién qua trinh cip liéu (Van Xo Nguyen,
2016).

Cacnghién ciru (Wang et al,, 2009) dé cip dén
tAn s6 ¢6 hiru ciia may cip liéu rung hai chit thé;

“Tdc gid lién hé
E-mail: nguyenvanxo@humg.edu.vn

may cAp liéu rung hai chit thé va cho két qua cac
d6 thi dong lwc hoc ctia may cap liéu rung hai chit
thé. Tuy nhién chwa c6 tic gia nao dé cip dén vin
dé nang cao nang suit lam viéc cta may, vi vay
trong bai bao nay tac gia di sau vao nghién ctru
nghién cru nguyén ly lam viéc ciia may, nghién
ctru chuyén dong cta hat vat liéu trén bé mat
mang cap liéu khi may lam viéc, tr d6 &ng dung
phdn mém Matlab xay dung chwong trinh phan
tich dé tim ra gia tri ctia tham s6 sao cho nang suat
lam viéc cho mdy la 16n nhat.

2. Phan tich chuyén dong cua hat vit liéu trén
bé mat mang cip liéu

2.1. Quy dao chuyén déng ctia mdng cdp liéu
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Hinh 1. Két cdu ctia mdy cdp liéu rung loai GZS. 1 - Lo xo treo; 2 - Mdng cdp liéu; 3 - Lo xo chii ddng;
4 - Bé gd dong co dién; 5 - Lop cao su nhiéu l6p; 6 - Dong co dién kich dao dong.

Hinh 2. Quy dao chuyén dong ctia mdng cdp liéu.

Quy dao chuyén dong ctia mang cap liéu c6
dang elip nhw Hinh 2 (Wen and Liu, 2001).
Phwong trinh vi tri chuyén dong cia méang cip liéu
theo phwong x va y nhw cong thirc (1), (2) va c6 do
thi nhw Hinh 3:

x = sin(wt + fy) @8]
y=Asin(wt+ ) (2)

Trong dé: A, A, bién d0 dao dong theo phwong

x va phwong y
A = AJcos? S+ E2sin2 s (3)
A, = Asin? 6+ &2cos?’ s ()

A-ban kinh truc dai elip; £- do oval la ty 1€ cia
truc dai va truc ngén cta elip, 0 < € < 1;6 -goc
phurong dao dong; «, - goc nghiéng clia mang cap
liéu; w - vén téc goc; t - thoi gian; By, By vi tri twong
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Hinh 3. Vi tri chuyén déng ctia mdng cdp liéu theo

phuwong xvay.
d6i ban dau theo phwong x va phwong y.
Bx = arctan(-¢ tan 6) (5)
By = arctan(-§ tan §) (6)

2.2. Vin téc va gia téc ctia mdng cdp liéu

Tr cong thirc (1) va (2) 14y dao ham cip 1 va
cp 2 ta tim dwoc van t6c va gia tdc cia mang cap
liéu la:

Vx= w Accos (wt + Px) (7)

vy = w Ay cos (wt + ) (8)
ax=- w? A sin (wt + fx) (9)
ay=- w? Ay sin (wt + f5,) (10)

2.3. Lwc tac dung Ién hat vit liéu

Khoéng xét luc twong tac gitra cac hat vat liéu,
hat vat liéu trén mang ctia may cap liéu rung hai
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chit thé GZS chiu lyc tdc dung nhw hinh 4, hop luc
theo phwong x va phurong y la:
Fr=-m (ax+ A%) + G sinay (11)
Fn,=m (a, + Ay) + G cosay (12)
Trong d6: m, G - khdéi lwong va trong lwong
hat vat liéu; Ax, Ay, A%, Ay, A%, Ay - vi tri twong doi,
van toc, gia toc cda hat vat liéu véi mang cip liéu
theo phwong x va phwong y.
Thay (10) vao (12) ta dworc (13)
mAy = F, - Gecosay + maw?A, sin(wt + ) (13)
Khi vat liéu bat dau xuit hién chuyén dong
nhdy tic thoi, doc theo phwong y gia téc, ap luc
thay vao (13) ta duorc:
Khi vat liéu bat dau xuit hién chuyén dong
nhay tic thoi, doc theo phwong y gia téc, ap luc
thay vao (13) ta dworc:

Hinh 4. Luec tdc dung Ién hat vdt liéu.
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Hinh 5. M6i quan hé gitka chi s6 nhdy D va
hé s6 cdch nhdy i,

{mwzlysimpdy — Geosay =0 (14)
Pay = Wtgy + .By
@ay- goc nhdy danh nghia dau; ¢4 = 00+1809;
wtg goc nhay dau;
1
" sin Pdy

Thay vao (14) ta co:

2
w2y,

gcosay
Pay = arcsin% (1)
D goi la chi s6 nhay: khi D < 1, phwong trinh
(15) khéng thé giai dwoc tircla vatliéu khong xuat
hién chuyén dong nhay; khi D > 1 vit liéu c6 thé
xay ra chuyén dong nhay. Nhuw vay dé vat liéu xuat
hién chuyén dong nhay thi chi s6 nhay D khéng
nhé hon 1.

2.5. Goc cach nhdy 64 va hé s6 cdach nhay ip

Khi vt liéu xuat hién chuyén déng nhay thi ap
lyc F,= 0, thay vao (13) ta cé:

{mAj’r = —Gcosay + mw?A,sing,
Py =wt+p,

Tich phan hai Ian gia t6c Ay ta sé dworc vi tri

twong doi:
Ay =-Ay [singdy— singy +cospdy(py+pdy)-
1 .
-5 SINQdy (¢y - oay)’] (17)

Khi ¢, = ¢, thi Ay = 0, don gidn hda cong thirc

(17) ta duoc:

(16)

%—(1—(;0590[
COSPay = =5 “sino, (18)
04 = Pzy T Pay
04 goi la goc cach nhay; i, = z—; goi la hé s6
cach nhiy.
Theo cong thirc (15) va (18) ta cé quan hé
gitra ip va D nhu sau:

. . 2
2m2i+cos2mip—1
D= |(BEEat) 4y
2mip—Sin2mip
2 2
0.505+cosfp—1
= || ———) +1
Op—sinfp

Tr cong thirc (19) ta c6 d6 thi moi quan hé chi
s6 nhdy D va hé s6 cach nhay ip nhw Hinh 5.

(19)

2.6. Vdn téc trung binh ctia hat vit liéu

Theo Hinh 4, gia t6c cta hat vat liéu theo
hwéng mang cap liéu dwgc tinh nhw sau:
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A% = gsinay- ax (20)
Thay (9) vao (20) ta dwoc
{A)’i = g sinay — a, = g sina, + w?A,sing,
Py = wt + By (21)
Tich phan 2 lan AX ta tim dworc vi tri twong
déi:
g szao 0,

(22)

Axy = A, (—sing,, +sing,, +6, cosg,, )+

¢zx = (Ddx + 9(1 1(0d>< = a)td +ﬂx 'ed = 27tiD
Vay van t6c trung binh cta hat vat liéu la:

AX, oA, . .
vV, =—— = X [sin 1—cos 2
T oo Py [sing, ( 5)
= 2
+cos ¢, (2w, —sin2miy )]+ Mo @A, tan &,

@A, cos(f, — B,)
VvV, =
. 27D

[VD? ~1—tan(s, - 5,)]+

{(ed —sin ed)

(1—cos8,)[1+~/D? —1tan(p, —ﬁy)]}(zg)
2
+ 47: oA, tan

Thay cong thic (3), cong thirc (4) vao cong
thirc (23) va bién doi ta dwoc két qua nhu sau:
g cosa, cos(B, - ,)
2nw (24)
J@+E tan? 5) 1 (£ +tan® 5){(6, —sin6,)

[VD? -1—tan(B, - B,)]+(@1—cosé,)

d

[L1++/D? —1tan(A, - A, )3+ 9% in a,
4w

Van toc chuyén dong trung binh thuc té cla
hat vat liéu v, (Wen et al,, 1989)
V= Cu Ch Cn CyVa (25)
Trong do: Co- hé s6 anh hwdng do géc nghiéng
ctia mang cip liéu, (tra bang); C, - hé s6 anh hwdong
do d6 day cia lép vatliéu, (trabang); Cn,- hé s6 anh
hwdng do tinh chit vat liéu, (tra bang); C.- hé s6
anh hudng do chuyén dong truot, (tra bang).

3. Toi wu héa cac tham s d€ nang suit cap liéu
ctia may la 16m nhat

Nang sudt cip liéu cia may cap liéu rung dang
GZS1a (Wenetal, 1989):

Q = 3600hBv,,y (26)

Trong d6: h - d6 day cia l16p vt liéu (m); B-
d6 réng ctia mang cip liéu (m); y- do toi x6p cla
vatliéu (t/m3).

Cwong do dao déng K cia mdy cip liéu la
(Wen etal,, 1989):
o) 27)
g
T cac cong thirc (27), (15), (3) va (4) ta
dwoc:

K =

B K\/sin2 S+Ecos’ 5
Cos«,
Thay céng thirc (28) vao cong thirc (19) ta
duorc:

D (28)

K?(sin® 5+ &2 cos® ) / cos® o, 29)
=[(0.587 +cos@, —1)/ (6, —sing,))? +1
Tir cong thirc (29) va cong thirc (24) ta c6:
vy = F(K,,0,8)9/w
cos, cos(p, — B,)
2n (30)
J@+Etan? 5)/ (& + tan? 6){(6, —sin6,)
[VD? —1—tan(B, — B,)]+ (1 —cosé,) (31)

(K, a,,8,%) =

[1++/D? —1tan(B, — B )1} + f—"zsin a,
7T

Chung ta quan tAm khi K, ag, € c6 dinh thi lwa
chon & hop ly dé vy dat gia tri I6n nhat hodc khi K,
@, & c6 dinh thi lwa chon & hop ly d€ vy dat gia tri
16m nhét (tic 1a nang suat cap liéu Q 16n nhat).

+ Khi £ =0.2 v6i cac gia tri khac nhau ctia K va
ap ta c6 dwong cong quan hé v4- 6 nhu Hinh 6. Tir
Hinh 6 ta thiy: Khi K, 6, £ c6 dinh thi v, ty 18 thuin
v6i ag; Khi ag, 6, € cO dinh thi v, ty 1é thudn véi K;
Tuy theo K ting, 6 cho phép ldy gia tri trong pham
vi nhé.

S dung phian mém Matlab (Zhang et al,
2015; Howard et al., 2003; Alfio, et al., 2014) tién
hanh t6i wu hoa van téc trung binh v4 (cong thikc
30) vGi cac diéu kién bién: -100< ap< 10 0 < é <
1;10; 100< 8 <600 0°< B < 3600.

Sau khi chay chwong trinh ta dwoc két qua
nhw sau: ap = 8.12879 , £ =0.0140; 6 =59.0274¢;
0,=358.99820; v, =22.2297g/w.

Tir két qua ta thay:

- Khi £ =0.0140 thi quy dao chuyén déng cta
mang cip liéu gan nhw dudng thang va van toc
trung binh dat gia tri I6n nhat v, (tirc 1a ndng sut
cap liéu 16n nhit). Vi thé khi thiét ké may cap liéu
nén tinh toan thiét ké d€ quy dao chuyén dong cia
mang la dwong thang.
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8
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Hinh 6. Pwong cong quan hé.

- Khi 84 = 358.9982° thi D =3.29 vat liéu &
trang thai dao dong nhay, nhw thé d6i véi vat liéu
dé vo thi nén cha y khi thiét ké lwa chon.

- D& may cip liéu rung dang GZS dat nang suit
16m nhat khi lam viéc thi phai tinh todn thiét ké sao
cho quy dao chuyén dong cia mang la dang dwong
thang dong thoi khi 1ap dit phai chon goc nghiéng
clia mang cap liéu ay=8.1287°.

4. Kétluan

Bai bao néu ra nguyén ly hoat dong ciia may
cap liéu rung hai chit thé GZS; phin tich chuyén
déng cda hat vatliéu trén bé mat mang cap liéu, tir
d6 xiy dung dugc phwong trinh chuyén déng,
phuong trinh vin téc, phwong trinh gia téc ctia hat
vét liéu trén bé mat mang cp liéu khi may lam
viéc.

Xay dung dwoc cong thirc quan hé giira cac
tham s6 anh hwdng dén qua trinh cip liéu (D, In,
04 K, ap, & m, 0 ..); Thiét 1ap dwoc cong thirc tinh
van toc trung binh vy ctia hat vat liéu, tir d6 xay
dwng dworc cac d6 thi dwong cong (va- 6, va- €); Sau
dé di sau vao phan tich anh hwéng cia cac tham
s6 do trong qué trinh may lam viéc.

Cudi cung tac gia tng dung phan mém Matlab
tién hanh tdi wu hoa véi ham muc tiéu 1a van t6c
trung binh ctia vat liéu trén bé mat mang cip liéu

va, tlr d6 tim dworc cac thong s6 hop ly dé may cip
liéu rung dang GZS cho nang suit lén nhit.

Két qua nghién ctru c6 thé lam tai liéu tham
khao cho cac nha khoa hoc trong nghién ctru tinh
toan thiét ké vé may cip liéu rung hai chat thé
dang GZS.
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ABSTRACT

Analysis of material particle motion and optimizing parameters of
two-mass GZS vibratory feeder

Xo Van Nguyen 1, Linh Viet Tran 1, Tien Van Pham 1, Cuong An Pham 2

1 Faculty of Electro-Mechanics, Hanoi University of Mining and Geology, Vietnam
2 Faculty of Information Technology, Hanoi University of Mining and Geology, Vietnam

Two-mass GZS vibratory feeder is currently used in many mining and construction industries.
However, the productivity of the machine is limited because it depends on many parameters (technology,
geometry, dynamics). , dynamics, etc...), finding the reasonable value of those parameters for high-
productivity machines is of paramount importance. So in their study the authors went into the analysis
of the effect of these parameters on the machine during the work, then applied Matlab software
optimization with the objective function is the average velocity of material particle (vq) from which to find
the reasonable value of the parameters to maximize productivity at work. Research results can be used
as reference materials for scientists in the research, design and manufacture of two-mass GZS vibratory
feeder.



