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This paper shows the payload anti-swing controlling methods for the
automatic gantry crane system. The mathematical model is built and
this anti-swing control used the swinging sensor based on the PID
controls. However, the component system difficulty assembles and
maintains the swinging sensor, and often costly. Therefore, the
swinging sensorless anti-swing control is proposed in this paper. The
methods used the soft sensor or the neural network based on the
measured position to estimate the payload motion and used the anti-
swing PID control. The simulated and a real time experimental result
indicated the swinging sensorless anti-swing control method as same as
the swinging sensor-based anti-swing control method.
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Bai bao nay trinh bay cac phuong phap diéu khién chong lac tai trong
cho hé théng can truc tu dong. M6 hinh toan hoc duoc thiét 1ap va bo
didu khién chdng lic cho hé thong nay co sir dung cam bién goc dua
trén cac bo diéu khién PID. Tuy nhién, két cu hé thong lap dit va bao
dudng cam bién goc kho khin, va thudng chi phi cao. Do d6, diéu khién
chéng lic khong st dung cam bién goc dugc dé xuat trong bai bao nay.
Céc phuong phap st dung nhu ding cam bién mém hodc mang noron
dua trén vi tri do dac dé wdc luong goc lac tai trong va dung bd diéu
khién PID diéu khién chdng lic. Két qua mo phong va thuc nghiém cho
thdy phuong phap diéu khién chéng lic khong ding cam bién goc
tuong tu v6i phuong phap diéu khién chdng lic c6 ding cam bién goc.
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1. Gi6i thiéu

Can truc duoc sir dung dé di chuyén vat nang tu diém nay dén diém khac trong thoi gian nho
nhat dé vat dén duoc dich ma khong bi lac (dao dong). Dao dong nay sé giy anh huong dén moi
truong xung quanh c6 thé gay nguy hiém cho con nguoi hay 1am hong cac vat lan can.

Nhiéu nd lyc khac nhau cua diéu khién chéng lic cho gian can truc ty dong di dugce dé xuat
thong qua k¥ thuét tao hinh dau vao 1a phuong phép vong 1ap ho [1], [2]. Ho dé thuc hién ky
thuat nay dua vao viéc diéu khién van toc trong chuyén dong lam giam chin dong tét sy dao
dong lic con du [3].

Mt khéc, cac diéu khién hoi tiép da duge dé xuit trong mot sb nghién ctru khac nhau nhu
diéu khién PD cho vi tri xe ddy va viéc triét dao dong lic [4], diéu khién logic md dé didu khién
dinh vi va giam x6c dao dong léc [5]. Mot hé théng diéu khién logic md voi khai niém diéu khién
che do truot cling dugc phat trién cho mot hé thdng can truc [6], [7]. Hon nita, mot hé thong gian
ciu truc thong minh dya trén bo diéu khién logic md dé xuit bao gom vi tri cling nhu cac bo didu
khién chdng lac [8].

Tuy nhién, hau hét cic hé théng diéu khién hi tiép dé xuét viéc can cac cam bién dé do vi tri
xe ddy cling nhu chuyén dong dao dong lac tai [9]. Ngoai ra, mot nghién ctru diéu khién chong
lac khong dung cam bién goc dua trén mo hinh toan hoc dugc thuc hién, nhan dang va diéu khién
giam dao dong cau truc sir dung card PCI [10].

2. Cac phwong phap nghién ciru
2.1. M6 hinh todn hoc ciia hé thong cin truc

Mo hinh hé thong can truc s& phén tich thanh 4 phan, bao gdm: mdt mé hinh cho dong co, day
dai, khoi lugng can truc (my) va tai (my) nhu sau:
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Hinh 1. M6 hinh can truc

2.1.1. M6 hinh dong co DC
H¢ phuong trinh cua dong co dién:

v =L 3O R0+ Ko ©
dt 1)
e O N O B A 1
dt
Trong d6, cac hé sd cia dong co: v, (t) 1a dién 4p (V); i(t) la dong dién (A);
% = w_(t) 1a van toc goc (rad/s), 6, (t)1a vi tri géc (rad); L, 1a dién cam (H); R, 1a dién

tro (Q); J,, 1a mdé men quan tinh (kg.m*2); b 1a hé s6 ma sat nhét (N.m.s); K 1a hé sé mo
men xodn (N.m/A); K, 1a hé s stic dién dong (V/rad/sec) va T, 1a md men tai (Nm).
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Khi d6, tai dau truc dong co c6 gin thém banh ring véi mémen T, nhu sau:
d
J aa% ) +bao (1) =T, (2

Trong do, 1an luot J, 12 m6 men quén tinh (kg.m"2); T, 1a m6 men (N.m); b, 1a hé s6 ma sat
nhot (N.m.s) va 94 _ ) 1a van téc goc (rad/s); 6 (t) 1a vi tri géc (rad) cira tai.
dt

Khi dong co quay thi xuat hién dao dong 1éch tim giita truc dong co va tryc puli
(0,0 -1 ) *b+(6,(O) - 1)K, =T, 3
Trong do, b va Kg 1a hé s6 ma sat truot va hé sb truot gitra truc dong co va tryc puli.
2.1.2. Mé hinh cia can truc
Su dao dong rung ctia day dai s€ bi bo qua bdi vi sy dao dong rung cua dong co 1a anh hudng
troi hon. )
Tur cong thire cho sy tinh tién cua lyc quay tron sang dich chuyén dugc sir dung

T o . =Fv

puli *~ puli cantruc (4)
Van toc cta can truc twrong duong van toc cua puli: Veantrue = V puii (5)
Ngoai ra, ta co: Vpuli = @i Mo ©)
trong do, @,,; la van toc goc cta puli (rad/s), T i 12 mémen xoan (Nm), Foui 18 ban kinh (m)
va Vi la van tdc cua puli (rad/s); F 1a luc kéo (N) va Veantrue 12 van tbc ctia can truc (my) (M/S).
A [ A /. 4 A - A . T f
Bay gio, cong thurc (4) ¢6 thé dugce viét lai nhu sau : E=_ri @)
r .
puli
Puli ¢6 hiéu suat dbi véi viéc chuyén dbi cua cong suat dan dén két qua: T, =E ffpu“TI (8)
trong do, T,1a momen xoan ciia banh ring va E f hiéu suat ciia puli.
puli
~ < 5 r < LA A . J | d @,
Momen xoan cua banh rang c6 thé viet lai nhu: T, = T 9)
trong d6, by 1a hing sb luc ma sat nhét (Nm/(rad/sec)) nho xem nhu bo qua.
J,d e,
A \ X A A 5 E o 4+
bicu nay dan dén két qua nhu sau: E — i dt (10)
rpuli
Khi d6 ham nay dugc chuyén d6i sang mién Laplace (mién s) nhu sau
E, J;s E J
F _ S hay F/s Il (11)
@, Fouli @ Foui

2.1.3. M6 hinh tai

Ap dung phuong trinh Lagrange phat trién tir phép lay dao ham dong ning va thé ning, ta co:
d?x |d29

(m1+m2)—2+m2 F: F
(12)
d’x ,d?@

Trong do, F la lyc kéo (N), 1 1a cl}iéu dai cap treo tai (m) va g 1a gia tc trong trudng (m/s"2),
m; la khoi lugng xe (kg) va m; 1a khoi luong tai (kg) va x 1a vi tri xe.
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2
o dx (m, +m,) Domne ) 920 _p
Thay thé boi Ve =—— »tacod dt dt (13)
dt d d 2
Vcantruc I 9 9 — o
R e A
Thuec hién chuyén déi cong thire (13) sang mién Laplace, ta co
(M, +mMy)V,, S +M, 1.0.8° =F "
M, (VeanirucS +165° ) +m,go =0
Tur hé phuong trinh (14), ta co
o —-S
= 12 (15)
) , , Vcantruc S + q )
Ham chuyén doi cuia toc do tai va ham chuyén doi cua goc tai
Vcantruc J— Isz + g
F (myls® +g(m, +m,))s (16)
2 -1

F mIs® +~g(m, +m,)

\Y . . 2 A
Thay X =" v30 cong thire (16), ta c6 ham chuyén di cua vi tri tai va ham chuyén déi
S

cua gbc tai nhu sau:

Xcantruc — 5 ISZ + g (17a)
(F/s) (mls®+g(m +m,))s (17)
o —S
= 5 17b)
(F/s) mls®+g(m +m,)
MG hinh toan hoc cta hé théng can truc duge mé ta nhu hinh 2 sau:
A1y o X
y M0 hinh vi tri "y
° | Mdhinhdongco | @ | Mo hinhcantruc | F/5
A1y L v
. MO0 hinh goc tai >

Hinh 2. So dé khoi mé hinh hé théng can truc
2.2. Phwong phdp diéu khién cé ding cam bién géc
So d6 m6 phong diéu khién chéng lic khong st dung b diéu khién dong trinh bay nhu hinh 3.

v

Vi tri dat + Bo DK vi tri _¢ Ym
+

R
Goc dat |+ Bo DK goc - Om

Hé thdng cau truc

v

Hinh 3. So do khéi diéu khién chong ldc khong sir dung bé diéu khién dong (PK: diéu khién)
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D6i véi mé hinh diéu khién trén khong ¢ kha nang kiém soat dugce dong dién lam viéc dong
co. Khi ¢6 qua tai, dong dién khoi dong tang qua mirc cho phép co thé gay nguy hai dén dong co
DC. Do do, diéu khién chdng lic c6 st dung bo diéu khién dong trinh bay nhu hinh 4 véi cac
thong s bang 1.

Bang 1. Théng sé cdc B diéu khién ( Bé PK)

B0 dieu khién

HE 50 Vi tri G6c __ Dong dién
Ko 20 25 0,875
K, 0,0005 0 0,005
Ko 3 2 0

Bo loc Kalman #

%

A j Vm Xm

®m

‘><l> "
Vi tri g3t —»?—-» B& DK vij tri —» Bo DK dong i

Hé théng cau truc

Gocdst [—>Q—> BODKgoc

Hinh 4. So do khéi diéu khién chong lic khong sir dung bé diéu khién dong
Bang 2. Thong sé mé phong

Théng sb ciia hé thong

R 1.8Q Pién trd dong co Ks 90 Hang s truot

L 0,005 H Dién cam dong co b 1,41e-2 Hé 0 ma sat truot
Kp 0,306 V.s/rad Hé so stre dién dong Ex# 0,98 Hiéu suit puli

Kn 0,306 Nm/A Hé s6 mdomen xodn r 0,015m Ban kinh puli

Jm 1le-4 kg.m/s® Momen quan tinh moto ml  1kg Khdi lugng xe

bm 1,41e-4 Hé s6 ma sat nhét moto m2  3Kkg Khdi lugng tai

Ji 1e-3 kg.m/s® Momen quéan tinh tai | 0,88m Do dai cap

b, 1,41e-3 Hé s6 ma sat nhét tai g 9,81 m/s® Gia tdc trong trudng

Tir két qua mo phong dugc trinh bay trong hinh 5 cho thay rang ca hai phuong phap déu cho
két qua diéu khién tot ca vi tri 1an va goc dao dong. Nhung phuong phap c6 bo diéu khién dong
moéi diéu chinh dugc dong dién khoi dong khong quéa 16n (¢ 2-3 1an dong dinh mirc) va dong
dién ludn 6n dinh dong dinh muec.

Dieu khien he thong voi tai 3kg Dieu khien he thong voi tai 3kg

Dieu khien he thong voi tai 3kg 1
14
Khong dieu khien dong /‘ [
Dieu khien dong s

—
Khong dieu khien dong
Dieu khien dong

Khong dieu khien dong
== Dieu khien dong

12

&
Dong dien(A)
I R R S R S

N,
Goc dao dong(do)

5
Thoi gian(s) Thoi gian(s) Thoi gian(s)

a) b) c)
Hinh 5. So sdnh ddp img vé: a) vi tri; b) goc tai; ¢) dong dién
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2.3. Phwong phdp diéu khién khéong cé ding ciam bién géc

Tir hé phuong trinh (15), ta nhan thiy su twong quan giira vi tri va goc tai c6 thé udc lugng sau:
2

A —-S
0 = Isz + g Xcantruc (18)
i(t) ; -~ >
> Hé thong olt) R
» Mang noron - +
g Y o(1)
{t =0 -0()  Oft)

Hinh 6. So do hudn luyén mang noron

Goc dao dong va vi tri c6 mdi quan hé véi nhau théng qua cong thirc (18). Do do, cam bién
mém duoc xiy dung bang mang noron lan truyén thing voi cac tap thong s vao 1a gia tri vi tri
hién tai va trudce d6 cia vi tri va van tde xe trong luc chuyen tai, mang noron s€ udc tinh dugc
goc dao dong twong tng tai thoi diém d6 chinh 1a dir liéu ngd ra. So d6 huan luyén mang noron
trinh bay nhu hinh 6. M6 hinh diéu khién chdng lic khong sir dung cam bién dugc trinh bay nhu

hinh 7.
BO loc Kalman <
Im l —>
B6 DK dong vm Xm *—>
+ n . s +
Vi tri dat _,O_, BO DK vi tri om s

Mang Noron .
B Hé thong cau truc

Hinh 7. So do khéi diéu khién chéng ldc khong sir dung cam bién géc

Tir két qua mo phong dugce trinh bay trong hinh 8 cho thay rang phuong phap diéu khién
chéng lic khong dung cam bién goc cho két qua didu khién tot ca vi tri 1dn va géc dao dong
tuong tu nhu rang phuong phap diéu khién chdng lic ding cam bién goc.

Dieu khien he thong voi tai 3kg

Dieu khien he thong voi tai 3kg Dieu khien he thong voi tai 3kg s

Khong cam bien goc Khong cam bien goc

Khong cam bien goc
4 Co cam bien g

""" Co cam bien goc i Co cam bien g |

L
% 35

ol % v
! L !\\' ¢
d g R

N
o

~

Dong dien(A)

o

Vi tri(m)
o
Goc dao dong(do)

|

|
o 1 2 3 4 5 6 1 8 9 10 o 1 2 3 4 5 6 7 8 9 10
Tho gian(s) Thoi gian(s)

Thoi gian(s)
a) b) c)
Hinh 8. So sanh dap ving vé: a) vi tri; b) goc tai; c) dong dién
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3. Két qua thwe nghiém trén mé hinh cén truc thye

Mo hinh cén truc thyc nghiém sir dung dé thir nghiém c6 ciu triic nhu hinh 9 bao gdm: mét xe
dich chuyén (1), tai trong (2), thanh cap (3), mét dong co DC (4), mot encoder do vi tri (5) va
mdt encoder do goc dao dong (6), bo mach didu khién va giao tiép(7).

Mo hinh sir dung bo DSP TMS320F28335, sir dung cac phan mém Matlab 2017a va Code
Composer Studio v3.1 dé thiét 1ap giao dién diéu khién. Trong bai bao nay trinh bay két qua cac
phuong phap diéu khién chdng lic vai tai Skg.

Tin bl W0 wncoger do it

SEsEsEssssssssssssssssER

H Drwwr dingead
Card bk : mach do ding

My tioh

Tin by 1 wncod i gt
a) b)
Hinh 9. Hinh dnh vé: a) mé hinh can truc thue nghiém va b) so' dé nguyén Iy mé hinh can truc
3.1. Két qud chéng lic c6 sir dung cim bién goéc

Trong phuong phép nay st dung bo diéu khién dong dong thoi két hop véi bd loc Kalman dé
loc tin hi¢u dong dién thu thdp tir cdm bién va két qua nhu hinh 10.

Su dung bo dieu khien goc va dong dien

Su dung bo dieu khien goc va dong dien Su dung bo dieu khien goc va dong dien

g
/‘ - —
Iman

! 2 ) ,JL.

a5 ialman
e iKalman :

o~
T,
e
L
i}

5 ] < 15
~ 5 i 5
g / g, P WA Ll ] 8
£ i B [ I g,
s © Ll 8
© ;
/i | .
r o
' 05F
/¢ 2 ’J
LY Y
I‘ 3 Ui
4 0.5
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Thoi gian(s) Thoi gian(s) Thoi gian(s)

Hinh 10. So sanh dap vng vé: a) vi tri; b) goc tdi; c) dong dién
3.2. Két qud chéng lic khong c6 siv dung cim bién géc

Trong phuong phap ndy, dir liéu dung dé huan luyén mang noron dugc thu thap tir phuong
phap diéu khién c6 str dung cam bién goc. Mang noron sau khi huan luyén theo kiéu lan truyén
thiang s& thay thé cho cam bién goc.

Tir két qua trén, ta nhan thdy dap tng vi tri nhanh hon mét it va 1am cho goc tai dao dong 16n
hon bai vi luc nay goc tai uée luong tac dong vao bd didu khién dong dién dé diéu khién xe chay
cham lai va goc tai dao dong lic giam (hinh 11).
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Su dung cam bien goc va khong su dung cam bien goc

Su dung cam bien goc va khong su dung cam bien goc . Su dung cam bien goc va khong su dung cam bien goc 25
— control with sensor
, :/’F control with sensor cotolwithsensor || || am——e sensorless control
77 e i sensorless control T sensorless control 2
7 i
7 2 ==t
f' Iy
7 . [ 15
/ o -
7 ] L I <
- Iy = i H
g y/ g }l gy g
: ; 2
K/ 0 -1 8 i
’ / W :
."/ 2 0.5
7 \
A T [
7/ 4
4 }
|
5 05 L
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Thoi gian(s) Thoi gian(s) Thoi gian(s)

Hinh 11. So sdnh dép vmg vé: a) vi tri; b) goc tdi; ¢) dong dién
4. Két luan

Bai bao nay di xac dinh dwoc md hinh toan hoc ciia hé thong can truc. Cac két qua md phong
dya trén mo hinh toan hoc cta hé thong nay cho thiy phuong phép diéu khién chong lic khong
c6 dung cam bién goc twong tu nhu phuong phap phuong phap didu khién chéng lic c6 dung
cam bién goc. Khi d6 cam bién goc lap dit va bao tri khé khin, gia thanh cao s& dugc thay thé
bang cam bién mém.

Két qua thyc nghiém trén mé hinh thi nghiém thyc da ching minh rang cic nghién ciru ly
thuyét dua ra rat hop 1y. Do d6, phuong phap diéu khién chéng lic hé théng can truc khong co
dung cam bién gbc 1a hoan toan co thé thuc hién duoc trong thuc té.
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