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MO HINH HOA HE THONG CAU TRUC
THEO PHU'ONG PHAP LAGRANGIAN

Pham Thé Duy o
Hoc Vién Cong Nghé Buwu Chinh Vién Thong Co S& Thanh Phd H6 Chi Minh

Tém tit. Bai béo trinh bay cac phuong phap mé hinh
hoa hé théng ciu truc 3D. Pau tién thuc hién viée xay dung
mo hinh toan hoc ctia hé théng cau truc véi chuyén dong
cua tai theo ba truc, bi’mg cach ap dung dinh luat 2 Newton
cho chuyén dong cua tai trong. Mic du day 1a mot hé thong
phi tuyén béc cao, nhung cac phuong trinh lugng giac xap
xi ciing ¢6 thé sir dung dé xay dung mé hinh don gian cho
hé théng. M6 hinh toan hoc don gian nay co thé sir dung
cho viéc thuc hién cac bd diéu khién véi cac ung dung don
gian khong yéu cau do chinh xéac cao. Tiép theo bai bao
trinh bay viéc thuc hién viéc mé hinh héa hé théng trong
khong gian trang thai, cic phuong trinh vi phan trong phan
trude duogce sir dung dé xay dung mo hinh khong gian trang
thai cho hé théng v6i mudi bién trang thai cho ba ngd vao
va nam ngd ra. Cac mé hinh khéng gian trang thai nay co
thé sir dung cho viéc tinh toan thiét ké cac bo diéu khién
phi tuyén, cho cac h¢ thong yéu ciu do chinh xac diéu
khién cao hon. Cubi cung bai bao md ta viéc thyc hién mo
hinh héa ddy du hé thdng ciu truc véi nim bac tu do. ba
bac tu do cho ba truc chuyén dong X, Y va Z, hai bac tu do
biéu dién cho goc léch cua tai trong khi nang 1a a va B. Cac
phuong trinh dong hoc cia hé théng duoc xac dinh bing
phuong phép Lagragian. M hinh day du déng vai tro quan
trong trong vi€c quan sat trang thai cia tai trong, dua vao
mo hinh nay co thé dy doan dugc cac goc léch cua tai nén
co thé khong can sir dung cac bo do goc 1éch thuong c6 sai
s6 10n. Bai bao ciing thyc hién mot s6 mo phong dé danh
gia d6 chinh xac cua cac moé hinh da dugc xay dung.

Tir khéa: Mb hinh hoa hé thdng, diéu khién vi tri, diéu
khién hé thong cau truc, mo hinh héa hé thong cau truc.

. MOPAU

Cau truc ba chiéu dwoc sir dung rong rii trong nganh
cong nghi¢p bbc hang hoa trén tau, chung str dung cho viée
di chuyén céc container day hodc rdng v6i tai trong 1én téi
nang t&i 80 tan, trén bén cang hodc giita bén cang va tau
van chuyén. Nhu trén hinh 1 1a mdt cAu truc container sur
dung di chuyén va sip xép cac container trén bén cang. CAc
cau truc ba chidu con sir dung trong cac ddy chuyén san
Xudt 6 to, dong tau, may bay, cong nghiép dién va cac
nganh san xudt khac. Nhiéu nghién ctru dd duoc thuc hién
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dé tu dong hoa cau truc ba chidu v6i muc dich dam bao an
toan, tranh cac tai nan khi hoat dong va thay thé ngudi van
hanh.

Hinh 1. Céu truc di chuyén sap xép container trén bén
céng

Pé thyc hién cac hé thong diéu khién cau truc ty dong, trude
hét cin c6 mé hinh toan hoc ctia n6. Céc phuong trinh toan hoc md
tahoat dong cuia cau truc s& dugce sur dung trong qua trinh tinh
toan thiét ké cac bo diéu khién, theo cac 1y thuyét khac
nhau nham dat dugc tinh 6n dinh va chét luong hoat dong
nhu mong mubn. Bé co duge cac phuong trinh toan hoc
md ta hoat dong cua ciu truc, bai bao nay thuc hién viéc
mo hinh héa mét cdu truc nha xuéng ba chiéu 20 tin cd ciu
tao nhur hinh 1, véi cac tham s6 nhu trong bang I.

Bang |: Céc tham sé cdu truc nha xuwéng 20 tén

Tham s Ponvitinh  Gia tri
Toc do cuc dai m/s 0,01
Gia t6c cuc dai m/s? 0,02
D¢ dai lam viéc theo truc X m 20
Do dai lam viéc theo truc Y m 5
D¢ dai day m 15
Khéi heong tdi cue dai Kg 20000
Khéi hrong xe con Kg 1300
Khéi heong ray chuyén dong Kg 2200
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IIl. MO HINH HOA HE THONG CAU TRUC THEO
LUC TREN TAITRONG .

Cau tryc ba chiéu dugc truyén dong ba truc nhu trén hinh
2. Hai dong co truc X truyén dong dé kéo toan bo hé théng
dam chinh c6 xe con nam trén, chuyén dong trén hai thanh
ray dat trén hai dam sit chir I doc theo xuong. Pong co
truc Y truyén dong kéo xe con chuyén dong trén hai thanh
ray dat trén hai dam chinh.Va dong co truc Z truyén dong
dé kéo tai 1én xudng bang day. Nhu viy, tai trong di
chuyén c6 thé chuyén dong theo ba chiéu.

Géc khong

V6i gbe khdng danh diu theo goc trong bén phai cua so
d6 lyc nhu trén hinh 3. Ky hiéu cac thong sé co hoc cia hé
thong nhu trong bang I1.

Bang II: Cac thdng s6 co hoc ctia hé théng céu truc e SO\ Tai

Théng sé Ky hiéu
Khoi lwong tdi trong can di chuyén m;
Khoi heong xe con my o
p o | ; Hinh 3. Lwe tadc ddng trén hé thong cau truc
Khoi lwong cua hé thong dam chinh my
Vitri ciia tdi trong theo truc X Xt Cdac phwong trinh vi tri tdi:
Vitri cuia tai trong theo truc Y Ve Theo hinh 3 chiing ta c6 cac quan hé theo vi tri cua tai
trong nhu sau:
Vi tri cua tdi trong theo truc Z Z; X
Vi tri ciia xe con theo truc X Xy sinfi=— @
Vi tri ciia xe con theo truc Y Vye y
, o , sina =t )
Luc tac dong di chuyén hé thong theo truc X Fx’ I
Lure tac dong di chuyén hé thong theo truc Y > X
we ek dong Sheyen fe fong TES Y g% cosa =— €)
Chiéu dai ciia day kéo tai I '
Z
Luc cang theo truc X T,; cos B = a (4)
X
Luc cang theo truc Y T . i
y Str dung cac phuong trinh tir (1) dén (4) suy ra:
Phan lyc tac déng khi nang tai .
' e J . % =lcosasin g (5)
Vi =lsina (6)
z; =l cosacos B (7)

Va theo cac phuong trinh (5) dén (7) thi vi tri cua tai

trong vung lam viéc sé la:

X =Xy +lcosasin B (8)
Vi = Yy +1sina )
Dtl?llllcg v 7t =1cosacos B (10)

1) Cac phwong trinh dong hoc:

Hop didu | Ap dung dinh luat 2 Newton F = ma cho céac
khién tay phuong chuyén dong cta vat s€ duoc:
A A Xt = S 11
M DAm bién My Xt = Oy (NN
my Yt = Sy 12)
Hinh 2. Truyén déng cho cu truc xuéng my Zt =—S;— Mg )
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(my+mg ) Xx = Fy =Ty +Sy (14)

V6i cac thanh phan theo cac truc cia phan luc tai
trong S la:

Sy=Ssinasin g (16)
Sy=Scosa @n
S,=Ssinacos g (18)

Goi céc lyc tac dong vao mdi truc ciia hé thdng cau
truc 1a Ny, Ny, N,. Can bang gira luc tac dong ngd vao va
phan lyc trén tai trong ngd ra, thay vao cac phuong trinh
(16), (17), va (18), co thé viét lai cac phuong trinh dong
hoc cuia hé thdng cau tryc nhu sau:

_ Nzcosasinfg

(19)
M
. Nzsina
Jr=—t— (20)
Mt
-N
5 = Nz Cos a cos 3 (21)
M
Ny +N [
Ry = x + Nz cosasin g (22)
m, +my
Ny +Nysina
Iy = (23)
My

Nhu véy,‘mé hinh dong hoc cia hé théng gﬁu truc
dugc mo ta bang hé phuong trinh vi phan phi tuyen bac 2
bao gom cac phuong trinh tir (19) dén (23).

2) Don gian héa phwong trinh déng hoc:

Pé don gian hoa cac phuong trinh dong hoc mo ta
hé thong tir (19) dén (23), can sir dung cac gia sur xap xi
¢6 thé trong qua trinh hoat dong. Khi tai ning, toc do di
chuyén khong yéu cau cao, va kha nang chdng rung lic
khi di chuyén tdt, co thé gia st do 1éch cua taitrong theo
truc Z nho c6 thé bo qua. Trong thyc té, cac hé théng
cdu truc thong thuong sir dung truyén dong bién tan, cho
phép hiéu chinh tdc do khi bit ddu va kétthiuc chuyén
dong. Hodc véi cac hé théng cAu truc ty dong c6 thé st
dung cac thuat toan chdng rung lac hién dai [1] ~ [3], gia
thiét nay hoan toan co thé ap dung. Mit khac khi kha
ning chdng rung lic tot, hodc do chinh xéac diéu khién
vi tri tai trong khong yéu cau cao co thé gia s cac géc a
va B rat nho nén c6 thé bo qua.Véi cac gia thiét néu trén
¢6 thé sir dung cac phép xap xi lwong giac sau:

cosa =1 (24)
sinaza (25)
sing=p (27)
singz=pf (27)

Str dung cac x4p xi nay, thay vao cac phuong trinh
tr (19) dén (23), s€ dugc mod hinh dong hoc cua h¢ thong
cau truc don gidn hoa, voi cac luc tac dong ngd vao nhu
Sau:
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=L p (28)
V= la (29)
1= (30)
= (o) e
yx:=Ny;§Za (32)

Nhu vy voi cac giai thiét gan dung, chung ta c¢6 mo
hinh déng hoc don gian cho hé thong cau truc. M6 hinh nay
c6 thé hiéu chinh dé cong thém cac anh huéng dong hoc
khac nhu: hé sé giam chén, hé s6 nhdt, mé men quén tinh
do khdi lugng ctia Xe con, ctia dam chinh,maséat chuyén dong
trén céc truc, .... Khi tinh dén cac hé s6 nay, viéc tinh toan
diéu khién s& chinh x4c hon, tuy nhién cac giai thuat diéu
khién s& phirc tap can cac thiét bi diéu khién tinh toan toc
d6 cao, theo thoi gian thuc véi gid thanh cao, kho ing dung
vao thyc té. Mat khac, cac giai thuat diéu khién co thé bu
cho cac thong s con thiéu bang céch tinh toan theo céc tin
hiéu hoi tiép, hodc ké ca cac thong sb hoat dong khong thé
do ludng duoc trong thuc té, nhu voi cac giai thuat didu khién
thich nghi [5], [6].

. MO HINH HOA HE THONG CAU TRUC THEO
KHONG GIAN TRANG THAI

Chung ta co thé su dung mo hinh khong gian trang thai
dé mo ta h¢ thong cu tryc. bay la phuong phap mo hinh
hoéa cho cac he thong diéu khién c6 mirc d6 phirc tap cao.
Trude tién, can hiéu chinh mé hinh dong hoc theo luc cla
hé thdng trong phan trude, dé tao ra tap bién tuyén tinh cho
mo hinh khong gian trang thai cta hé thong. Trude t1en ky
hiéu chiéu dai cua tai theo truc Z 1a zx. Str dung céc xap xi
da sir dung trong phdn trudce, cac phuong trinh vi tri tai (8),
(9), (10) sé ¢ dang:

X =Xy +Zyf (33)
Vi =Yx +2Zx @ (34)
Zt ==y (35)

Tbc do chuyén dong cua tai trong s€ tinh dugc béng cach
ldy dao ham cac phwong trinh (33), (34), (35).

Gia tc chuyén dong cia tai trong sé tinh dwoc bang cach
lay dao ham bac hai (33), (34), (35).

Vi =Vx + 2y +22ya+2yé (40)
4 =—1y (41

Thuyc hién cac bién dbi (39)-(41) tir (19)-(23) chiing ta
thanh 1ap ndm phuong trinh vi phan phi tuyén moé ta hé
théng, véi cac bién chua biét Xw, Yw, Zw, O, p nhu sau:
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JA

yX+ZXa+22Xd+sz:%a (43)
Nz
Iy=——=% 44
X= " my (44)
Nx+Nzﬂ
- 45
X7 (mx+mq) (45)
Ny+N;a
_ymz
K= (46)

,Tép hop nho nhat cua cac biér‘l doc 1ap tuyén tinh cua hé
thong, sao cho gia tri ciia cac phan tir trong tap hop bien tai
thoi diém 1, cing véi cac ham cudng birc da biét, xac
dinh hoan toan gié trj ctia cac bién hé thdng tai thoi diém
t >, duoc goi la cac bién trang thai [5]. Tuyén tinh hoa
hé thdng phi tuyén bang cac bién trang thai trong (47)-(56).

X = Xy (47)
Xy = Xy (48)
X3 =Yx (49)
Xy = Yy (50)
X5 = (51)
Xe =S (52)
X; =« (53)
Xg =a (54)
Xg = Zy (55)
X9 = Zx (56)

Mot véc to bao gdm toan b cac phan tir 14 cac bién trang
thai dugc goi 1a véc to trang thai [5]. N6 dugc biéu dién
bang véc to. Cac bién dugc do bang cac encoder & ngd ra
1a vec to. Trong truong hop ndy cac bién Xy, Yoo ZX: O B
1a cac bién chua biét. Theo cac phwong trinh (47) — (56)
cac thé dat cac ham ngd ra nhu sau:

Yy =Xx =% (57)
Yo =Yx =% (58)
Y3 ==X (59)
Yy=a=X%; (60)
Y5 =2y = Xg (61)

Céc bién ngd vao la cac luc diéu khién Ny, Ny, N ching
tao thanh mot véc to ngd vao px1: [ul u ...um]T véipla
s6 ngd vao. Mot tap gom n phuong trinh vi phéan c6 n bién,
trong d6 n bién can giai 1a cac bién trang thai dwoc goi la
phuong trinh trang thai [5]. Cac vi phén trang thai duoc
tinh trong cac phuong trinh (42) — (46). H¢ phuong trinh
trang thai don gidn hda cho h¢ thong cau truc s€ nhu sau:
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. _ Nx+N2X5
X2 - AT (mx+md) (63)
X3 =Yy = X, (64)
N +N2X
% == Xg (66)
N Ny+
) 2 mZ r;(])( nZ,IX572X10X6
X == Xo (67)
X, =a =X 68
7 8
2& Ny+NZ 7—2X10X8
Xg = Gt =t - (69)
N
Y = Iy=——% (71)
My

Pé biéu dién hé thdng bang hé phuong trinh trang thai
chudn cin tim c4c ma tran trang thai A, B, C, D. Cac thanh
phﬁn clia cac ma tran trang thai dugc biéu dién bé’mg cac
phuong trinh (72)-(75).

5%
ai=—1  i=12..n j=12..n (72)
i X;
5%
qj=4if i=12,..n j=12,..p (73)
§Uj
5 .
Ci: :i i=12,..,n j=12,..,n (74)
IJ 5)(.
j
5 .
mjzgzL i=12,..n j=12,..p (75)
5Uj

Tt ca cac phwong trinh vi phan cho cac thanh phan cua
cac ma tran trang thai d€u co thé tinh toan dugc. Tuy nhién,
cac ma tran A, B, C, D can théa min di€ém o6n dinh

, T T
X0 = [xoxo y0y080 5950400 |'°} ~[0000000000]
va ngd vao, do tit ca cac dao ham cua cac bién trang thai,

cac bién do luong va cac luc tac dong can bang khong, khi
tai trong chuyén dong toi vi tri dieu khien.

IV. MO HINH HOA HE THONG CAU TRUC THEO
PHUONG PHAP LAGRANGIAN

Theo co hoc kinh dién dang co ban cia Lagrangian
dugc dinh nghia 1a dong nang K cua hé thong trur di the
nang hap dan P [7]. Nhu vay ching ta co:

L=K-P (76)

K =T m? (77)
2

P =mgl (78)
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Trong d6: m — khéi lwong tai trong
v—te do
g — gia toc trong trudng
| — do dai day, do cao tai trong
Trong truong hgp nay K 1a dong nang cua cau tryc va tai
trong cua nod. P xac dinh the nang cua tai trong.
Dat: x=xy; y=Yx thé vao cac phuong trinh (8) — (10) dugc:
X = X+lcosasin g
Vi =y +lsina
zt =lcosacos
Lay dao ham hai vé cac phuong trinh nay s& dugc:
% = X+lcosasin B —lasinasin g +15cosacos
i =y +Isina-lacosa
2 =l cosacos S +lasinacos B +1Bcosasin B
Van tdc cla tai trong sé& la:
V=X +yi+2}
V2 = X% + 2xl cos e sin 3 — 2lxa:sin acsin B+
21% 3 cos a cos 3 + 1% cos® asin’ B —
2llgsinacosasin? B+ 2l fcos? asin S cos B
+12¢2 sin? asin? B —21°a3sin a cos asin B cos
+12 32 cos? arcos? B+ Y2 + 2yl sina + 2lyc cosa
+I%sin® o + 2llasina cosa + 122 cos? a +
12 cos? arcos? B —2ll¢sin r cos ax cos? S —
211 Bcos? acsin S cos B +1%a? cos? a +12 cos? acos® 8
+2llgsinacosa cos? - 2Il Fcos? asin fcos B+
12a?sin? e cos® B+ 21%afsin e cos asin S cos B
+1? 4% cos® asin®
Pon gian hoa dugc:
V2 =%2 +y? +1? + 2x(I cos arsin B—lasinasin B
+13cosacos B)+2y(Isina +lacosa) +1%¢? +
12 3% cos® a
Téng dong ning cia cau tryc s& 1a:
1 . . - 1
K =2 (M4, +m)X +(m, +m)y* +mi%)+ = my?
Thay v vao phuong trinh trén duogc:
1 , o
K =§((mX +my +m)X* +(m +m)y* +ml®+
mx(I cosazsin B —lasinacsin g+1/3cos a cos f)
T . 1 o 1 :
+m y(I Slna+|aCOSa)+§mt|2a2 +§mtlzﬂ2 cos® o
Thay vao (78) tong thé ning cua hé thong Ia:
P =m;gl+mgl cos cxcos 5

Thay cac gia tri cia dong nang K va thé ning P’Vao phuong
trinh (76) s& dugc Lagrange cta dong luc hé thong nhu sau:
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L =2, +m + MK+ (m, + MY + 7+
mx(I cosasin B —lasinasin §+13cosa cos )
+mty(|'sina+|dc08a)+%m|2d2 +%mtlz,8'2 cos® o

—m; gl —my gl cosa cos
Cong thic Euler — Lagrange cua dong hoc hé thong:

d{ oL oL
< = |7 = =h

Trong d6: i=1, 2, 3, 4,5 — béc ty do )
L- Lagrangian cua dong hoc hé thong
gi — Bién trang thai

(79)

Fi— Luc

d| oL oL
R R I — ux
dt axl 8X|

oL oL
dt 8yi ayi
d| oL oL
- = uZ
dt azl 6Z|
dfo) o _,
dt adi 6ai
dfo| a
dt\ op, ) op;

Lan luot 14y dao ham riéng cua L theo cac bién trang thai:
d (aL) o (my +m +m)X+mi cosarsin g

JE— JE— —_——_— = a

dilax ) ax XM TIOTE

—mg¢lesin asin B +myl B cos a cos B —mlcsin asin B
—mtldsinasinﬂ—mtldz COSasinﬂ—wl'stinacosﬂ
+myl B cos & cos 3+ myl B cos o cos B — mylafsin o cos B
—myl 3% cos asin 3

—| — === =(my+my +m)y+m sine+
a3y ) o, x + My + Mg Mg

myic cos a +myic cos o + myléi cos & —+mylér? sin

d(aL oL

d(oL) oL . . . o
—| = |-—==2m.] XcoSsaSin S —mXaSinaSsin
dt(al) o~ 2md #mxcosasinf-mxasinersin 4

+M X3 COS ¢ COS B+ M, §Sin ¢ +m, Yt Cos o —
(—mXasin asin B +m X3 cos o cos B +m, Y Cos & +
ml S cos? a +mla?)—mgcosacos B
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df & | __msisinasin f-mxisinasin g
dt 60[i

—mJXo‘z cosasinﬁ—mlxﬂsin acos f+myl cosa
+m,yl cosa —mlyasin o + m1%a + 2mllc —
(—mxI sin zsin # —m,Ixc cos asin B —

mxAsin a cos B +m,yl cosa —mlyasina
—m/?f?sina cos ) + m gl cos asin

d al.' aI‘—mtXIcosacosﬂ+mthcosacosﬁ
dt\ o8 ) op;

—mIxasin a cos f—mlxBcosasin f+ml?Bcos’ o
—2ml%afsin acosa +2m1? fcos? o+ 2mll cos? a
—(m Xl cos x cos £ —m/Ixasin o cos 3 —
m/Ix 3 cos asin ) +m,gl sin a cos 3
Pong luc hoc ctia hé¢ théng cAu truc ba chiéu nhu sau:
(m, +my +m, +m)%+mi cosasin B-2mlesinasin B
+2m,I 3 cos e cos - mlasinasin f-m/lésinasin -
mla? cosasin 2 —2m i sinacos B +ml fcos a cos A
-m % cosasin B =u,
(m,+m, +m,)§+misina+2mlacosa +mlédcosa
—mldzsina =U,
2m i +mxcosasin B +m §sina—mlcos” a-mid’
—M, g cos a Cos = Uy
—m &I sinasin 4 +m gl cosa +m %G + 2mlic
+m.glcosasin f =0

m,Xl cos a cos - 2m 1 %3 sin o cos a + 2myl*  cos”

+2mli 3 cos” & +myglsinacos 4 = 0

(80)

O day cac luc ngd vao cho hé théng cau truc ba chidu 1a
Ux, Uy, VA U, Dé xéc dinh cac ma tran A, B, C, D ciia khong
gian trang thai biéu dién hé thdng c6 thé sir dung diém hoat
dong 6n dinh:

T T
0_ [XoxoyOyO Y a0d0|0|'0} —[0000000000]

Két qua cudi cing mé hinh dong hoc cua hé théng trong
khong gian trang thai la:
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= L u, + md yij
My+mg+my X my+mg -+
y = L u, + M9 a
My+Mg Y my+mg
B 1 g(my+mg +mg+my)
P = tmgrmgrm) " Imyemgemy 2 &Y
_ 1 + g(my+mg+mg)
I(my+mg) Y I(my+m)
P
= o 2
X =Xy = Xy (82)
L 1 mg
%o =X = My +Mg -+t Ux * My +Mg +Mmg B &3)
X3 = Yy= X%y (84)
o1 myg
Xy =¥y = Ty uy + Ty a (85)
% = = Xg (86)
L 1 g(my+mq +mg+mg)
%o =P = Tmrmgrm) X Imgrmg e £ &)
X; =@ =Xg (88)
.1 g(my-+mg-+m)
% =0 e Yy T imeemy) @ (®9)
Xg = Zy= Xy (90)
u
Yo = Iy= ﬁ (92)

V6i cac phuong trinh nay c6 thé xac dinh duge cac ma
trdn A, B, C, D cua khong gian trang thai, cho phép quan
sat va phan tich mo hinh day du cta cau tryc ba chiéu, ciing
nhu c¢6 thé md phong va phén tich cac goc léch cua tai
trong.

V. MO PHONG CAC MO HINH DPONG HOC

Dé md phong mé hinh khong gian trang thai, 6 thé thay
thé cic ma tran ciia md hinh cau tryc va mo hinh khéng
gian trang thai chuan ciia mot hé thong bat ky nhu trén hinh
4. Va theo cac phuong trinh da xay dung ¢ trén, ¢ thé thuc
hién c6 md hinh biéu dién khong gian trang thai cia hé
thdng cau truc trong Simulink dé thyc hién mé phong hoat
dong ctia hé thong nhu hinh 5.

2B
X | 1 | x
u » B ; P C y
A

Hinh 4. M6 hinh biéu dién khéng gian trang thdi
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Hinh 5. M6 hinh khong gian trang mo phong hé thong
cau truc trong Simulink

/

=

(a) Lyc don ngé vao

\
M
L

(b) Luc kép tdac dong ngd vao

Hinh 6. M6 phong mé hinh hé thong cau truc trong khong
gian trang

V6i cac luc ngd vao md ta trong phin md hinh dong &
trén, voi dg loi ap dung cho luc tdc dong moi truc, co thé
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md phong hé thong véi so dd khdi nhur hinh 5. Vi mot gia
tri ngd ra chiing ta can thiét 1ap tap bién ngd ra nhu trong
(57) — (61). Hai loai lyc tac dong ngd vao cho cac ngd ra
nhu trén hinh 6. Puong xung vudng 1a xung lyc tac dong
ngd vao, va dudng con lai biéu dién vi tri tai trong ¢ ngd
ra. Hinh 6(a) biéu dién ngd ra véi cac xung lyc don ngd
vao, ¢ thé thy rang mo hinh cho phép hé thdng dat duoc
vi tri mong muodn trén ca 3 truc chuyen dong. Do truc Z
chuyén dong nguge véi chiéu biéu dién trong mé hinh luc
nén ngd vao dugc nhan voi -1. Trén hinh v€ xung luc
duong di chuyén tai trong theo hudng tac dong, khi tac
dong xung luc am chuyén dong sé& giir lai ¢ vi tri da dicu
khién dén.

Hinh 6(b) md ta ngd ra v&i xung luc kép & ngd vao. CO
thé thdy bang cach tac dong cac xung luc kép, tai trong
dugc diéu khién toi hai vi tri khac nhau. Co thé thay, trong
ca hai truong hop tac dong luc don va kép, két qua mod
phong c¢6 d6 chinh xac kha tdt, tin hiéu ngd ra hé théng bam
theo tin hi¢u tac dong ngd vao.

VI. KET LUAN

Bai bao thuc hi¢n vi¢e xay dung mo hinh toan hoc cua
hé thong cdu truc v6i chuyén dong cua tai theo ba truc
bang cac ap dung dinh luat 2 Newton cho chuyen dong cua
tai trong. Mac du day 1a mot hé thong phi tuyén béc cao,
nhung céac phuo’ng trinh luong glac xap xi cling c6 thé sir
dung dé xay dung mé hinh don gian cho h¢ thong Mo
hinh toan hoc ctia hé thong 1a phi tuyén voi cac phuong
trinh vi phan bac 2, sau khi thuc hién cac xap xi dé tang
d6 6n dinh cho hé thong.

Tiép theo bai bao thuc hién viéc mé hinh hoa hé thng
trong khong gian trang thai, cac phuong trinh vi phan
trong phan trudc duoc st dung dé xay dung mo hinh
khong gian trang thai cho hé thong vai 10 bién trang thai
3 ngd vao va 5 ngd ra.

Va cubi cung bai bao thuc hién viéc md hinh hoa hé
thdng theo phuong phap Lagrangian, v6i phuong trinh co
hoc kinh dién Lagrangian thanh 1ap bang hiéu dong ning
trir di thé ning. Phuong trinh trang thai dugc m6 phong

véi cac luc tac dong dau vao khac nhau cho thay tin hiéu
ra ciia md hinh bam tt theo tin hiéu tic dong ngd vao.
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MODELING OVERHEAD CRANE SYSTEMFOR
AUTOMATIC CONTROL OF LOAD POSITION

Abstract: This article presents methods for modeling 3D
crane systems. First, build a mathematical model of the
crane system with load movement in three axes, by
applying Newton's 2nd law to the load movement.
Although this is a higher-order nonlinear system,
approximate trigonometric equations can also be used to
build a simple model of the system. This simple
mathematical model can be used for implementing
controllers for simple applications that do not require high
precision. Following the article presenting the
implementation of system modeling in state space, the
differential equations in the previous section are used to
build a state space model for the system with ten state
variables for three inputs and five outputs. These state
space models can be used for calculating and designing
nonlinear controllers, for systems that require higher
control accuracy. Finally, the article describes the
implementation of full modeling of the crane system with
five degrees of freedom. Three degrees of freedom for the
three motion axes X, Y and Z, two degrees of freedom
represent the deflection angle of the load when lifting, a
and B. The dynamic equations of the system are determined
using the Lagragian method. The full model plays an
important role in observing the state of the load. Based on
this model, the deflection angles of the load can be
predicted, so there is no need to use deflection angle gauges
that often have errors. big. The article also performs some
simulations to evaluate the accuracy of the built models.

Keywords - System modeling, position control system,
crane system control, crane system modeling.

Pham Thé Duy

Nhan hoc vi Thac s nam 1998

Hién cong tac tai Hoc vién Cong Nghé
Buu Chinh Vién thong Co S¢ tai TP. H6
Chi Minh

Linh vuc nghién ctru: Hé théng nhung,
K§ thuat diéu khién va t dong hoa.

SO 02 (CS.01) 2024 TAP CHf KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG

65





