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Abstract — Bai bao trinh bay phuong phap mo hinh héa
hé thdng diéu khién vi tri chuyén dong cua tai trong cho
cau truc, phuc vu cho viée tr dong hoa hé¢ thong cau truc
trong thuc té. Do viéc diéu khién cac hé thong cau truc cho
céc ing dung khac nhau trong thyc té, s& doi hoi do chinh
xéc diéu khién khac nhau, d6i vi cac hé thong yéu cau do
chinh xac thp c6 thé sir dung mé hinh dong hoc don gian.
Dé thye hién mé hinh toan hoc don gian nhat, trong bai bao
nay thuc hién viéc mé hinh hoa hé théng cau truc theo cac
bude sau: Trude hét thyc hién viéc mé hinh héa vi tri
chuyén dong cua xe con, hé théng dim va chiéu dai ning
ha tai, v6i cac phuong trinh ba truc chuyén dong theo dinh
luat 2 Newton. Tiép theo thuc hién cac phép xip xi gan
dung dé don gian hoa cac phuong trinh dong hoc cta hé
thong. Pé thuc hién viéc kiém tra d6 chinh xéac can thiét
cua cac phwong trinh dong hoc, bai bao thuc hién viéc mo6
phong hoat dong ctiia m6 hinh todn theo cac tham s6 ctia hé
thdng cau truc 20 tan thyc té. Va higu chinh d6 loi ngd vao
cac lyc tac dung theo cac truc dé chirng minh tinh kha dung
cua mo hinh toan da xay dung.

Keywords — M6 hinh héa hé thong, diéu khién vi tri,
dién khién h¢ thong cau truc, mo hinh héa hé thong dicu
khién cau truc.

l. MO DAU

Céc hé thdng cau truc ngay nay duoc sir dung kha phd
bién trong cong nghiép. Cac hé thdng cau truc nay thudng
su dung trong cac xué’ng stra chira co khi, st dung cho viéc
di chuyen cac thiét bi dung cu, vat heu nang, hinh 1, trong
céc bén cang cho viéc van chuyén sip xép cac container
hang hoa, hinh 2. Ngoai ra, ching cling duogc st dung trong
mot sd day chuyén san xudt cac san phém nhu cot dién, sit
thép, ....

Hién nay, trong nudc da so cac hé thong cau truc nay
thuong duge van hanh bing tay véi cac bo diéu khién nut
bam, ndi day hodc vo tuyén, bang ngudi ngdi lai trén cac
ca bin nhu trén céc cau truc container. Trén thé gidi, cac hé
thong clu truc da va dang duoc thyc hién ban ty dong, hodc
tu dong hoan toan. Viéc diéu khién hoan toan tu dong cac
hé thong cau truc nay dang tro thinh mot nhu ciu cap thiét,
dé thuc hién cdc nha may bén cang ty dong, theo cac tiéu
chuén cong nghiép 4.0. Vi du nhu cac hé thdng tu dong sap
xép ghi nhé vi tri cic container tai cac cang bién, hodc cac

Tac gia lién hé: Pham Thé Duy,

Email: duypt@ptit.edu.vn

Dén toa soan: 05/2023, chinh sira: 06/2023, chip nhan dang:
07/2023.

SO 02 (CS.01) 2023

hé thong cau truc ty dong van chuyén hang hoa, vat li¢u
cho cic quy trinh san xuat trong cac nha méy. Va vi véy,
da co rat nhiéu nghién ctru nham tim ra giai phap tot nhat,
ré nhat, t6i wu nhéat cho cac hé thong cau truc. Tuy nhién,
c4c nghién ciru hién dang tap trung vao cac hé théng cau
truc sir dung nhiéu, c6 gia thanh cao nhu hé théng clu truc
container giita tau va bo, cac nghién ctru ciing chu yéu tap
trung vao cac giai thuat chéng rung lic khi tai chuyén dong
[1]~[3]. Hoac str dung cac viéc mé hinh hoa theo phuong
trinh Euler Lagrange véi nhiéu thong s6 va giai thuat tinh
toan phtrc tap [4], yéu cau cac bo dicu khién c() gia thanh
cao. Cac glal thuat chong rung lac cho phép ciu truc van
chuyén véi toc do cao, nhung can tinh todn véi mot mo
hinh toan ddu du tham sé va dinh hudng theo diéu khién
toc do. Mit khac, sau khi thuc hién cac giai thuat chéng
rung lic khi chuyén dong bang cac dleu khién toc do di
chuyen cua céc truc, dé hé thong cau truc hoat dong tu
dong, van can cac thuat toan diéu khién vi tri chuyen dong
cua tai.

Hinh 2. Hé théng cau truc container trén bo

Dé thuce hién cac hé thdng ciu tryc tu dong, cho cactng
dung toe do thép, voi viée tinh toan don gian, cac giai thuat
v6i c4c thiét bi diéu khién gia thanh ha, c6 théthyc hién viéc
mo hinh héa hé thng cau truc ba chiéu mot cach tbi gian,
cho viéc md phong va thyc hién cac giai thuat diéu khién.
Va dé qua trinh nghién ctru tng dung duoc d& dang, co thé
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4p dung nhanh vao thyc té, trude hét trong bai bao nay thuc
hién viéc mo6 hinh hoa hé théng cAu truc nha xuong 20 thn
nhu hinh 2, hé théngcau truc ndy duoc sir dung rat nhiéu,
thoi gian sir dung & nhiéu noi kha thép, nén c6 thé thuc hién
céc thuc nghiém sau khi tién hanh cic mé phong tinh toan
dé& dang hon, cac tham s cta hé thong cau truc nay nhu
trong bang .

Bang |: Cac tham sé cu truc nha xuéng 20 tan

Tham sb Ponvitinh | Gi tri
Toc do cuc dai m/s 0,01
Gia téc cuc dai m/s? 0,02
D¢ dai lam viéc theo truc X m 20
D¢ dai lam viéc theo truc Y m 5
D¢ dai day m 15
Khoi lwong tdi cuc dai Kg 20000
Khéi lwong xe con Kg 1300
Khéi heong ray chuyén dong Kg 2200

Il. MO HINH HOA HE THONG CAU TRUC THEO
LU'C TREN TAI TRONG

CAu truc nha xudng duoc truyén dong ba truc nhu trén
hinh 3. Hai dong co truc X truyén dong dé kéo toan bo hé
thdng dam chinh c¢6 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 biang day. Nhu vy, tai trong di
chuyén c6 thé chuyén dong theo ba chiéu.

V6i gbe khdng danh diu theo géc trong bén phai cia so
dd luc nhu trén hinh 4. Céc thong s6 co hoc cua hé théng
nhu trong bang I1.

Bang II: Cac théng sé co hoc ctia hé théng cu truc

Théng sb Ky hiéu

Khoi heong tdi trong cdn di chuyén m
Khdi lwong xe con m,
Khdi lwong ciia hé thong dam chinh my
Vi tri cia tdi trong theo truc X Xt
Vi tri cia tdi trong theo truc Y Ve
Vi tri ciia tdi trong theo truc Z Z;
Vi tri ciia xe con theo truc X Xy
Vi tri cua xe con theo truc Y Vye
Lure tac déng di chuyén hé thong theo truc X Fx’
Lurc tAc dong di chuyén hé thdng theo truc Y Fy’
Chiéu dai ciia day kéo tai |

Luyec cang theo truc X T;
Lurc cang theo truc Y Ty’
Phan lyc tac dong khi nang tdi N
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truc Z

Pong co
truc Y

Hop didu |
khién tay

Hinh 4. Luc tac déng trén hé théng céu truc

Cac phwong trinh vi tri tdi:
Theo hinh 4 chung ta cé cac quan hé theo vi tri cia tai
trong nhu sau:

sin 8 = lad @
X

sin = % ®)

cos a :Ii (©)]

cos g = ad (4)
X

Str dung cac phuong trinh tir (1) dén (4) suy ra:

% =lcosasin g 5)
yi =lsina (6)
z; =lcosacos f @)

Va theo cac phuong trinh (5) dén (7) thi vi tri ciia tai
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trong vung lam viéc sé la:

X = Xy +lcosasin B (8)
Vi = Yx +1sina 9)
z; =lcosacos f 10)

1) Céc phwong trinh déng hoc:
Ap dung dinh luat 2 Newton F = ma cho céc
phuong chuyén dong cta vat s& duoc:

Mg Xt = Sy 11)
m; ¥t =Sy 12)
Mg 2t = —S;— Mg 13)
(my+mg ) %x = Fy =Ty +Sy (14)
my Yy = Fy =Ty +Sy (15)

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

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

Goi cac lyc tac dong vao mdi truc cia hé théng cau
truc 1a Ny, Ny, N;. Can bang gitra luc tac dong ngd vao va
phan luc trén tai trong ngo ra, thay vao cac phuong trinh
(16), (17), va (18), co thé viét lai cac phuong trinh dong
hoc ctia hé thongcau truc nhu sau:

N .
_ ;7 cosasin f 19)
M
N, sina
Jp=—t—— (20)
My
—N, cosa co
zt:w (21)
My
N N, cosa sin
gy = x * Nz cosasin§ (22)
m,, +my
Ny +Nysina
Vx=y— (23)
my

Nhu Vay,‘m() hinh dong hoc cia hé théng qéu truc
duoc m td bang hé phuong trinh vi phan phi tuyen béc 2
bao gom cac phuong trinh tir (19) dén (23).

2) Don gian héa phwong trinh déng hoc:

Dé 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 nang, toc do di
chuyén khong yéu céu cao, va kha ning chdng rung lic
khi di chuyen tdt, co thé gia sir d6 1éch cua taitrong theo
truc z nho c6 thé bo qua. Trong thyc té, cac hé thong cau
truc thong thuong sir dung truyén dong bién tan, cho
phép hiéu chinh téc do khi bit dau va kétthic chuyén
dong. Hodc véi cac hé thong cau truc ty dong o thé sir
dung cé4c thuat toan chdng rung lic hién dai [1] ~[3], gia
thiét nay hoan toan co thé ap dung. Mat khac khi kha
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nang chéng rung l4c tbt, hodc do chinh xac diéu khién
vi tri tai trong khéng yéu cau cao c6 thé gia sir cac goc
va f rat nho nén ¢6 thé bo qua. Vi cac gia thiét néu trén
¢6 thé sir dung cac phép xép xi luong giac sau:

cosa =1 (24)
sinaza (25)
cos p=1 (26)
sing=p (27)

St dyng céc xap xi ndy, thay vao cac phuong trinh
tir (19) dén (23), s€ dugc mo hinh dong hoc cua h¢ thong
cau truc don gian hoa, véi cac luc tac dong ngd vao nhu
Sau:

Kt = Wﬁ (28)
iy = %a (29)
7 =-’:]% (30)
g= Y (3)

Nhu vay vé6i cac giai thiét gin dung, chung ta c6 mo
hinh dong hoc don gian cho hé théng cau truc. M hinh
nay c6 thé hidu chinh dé cong thém cac anh huéng dong
hoc khéc nhu: hé sb giam chén, hé s6 nhdt, mé men quén
tinh do khdi luwgng ciia xe con, ciia dam chinh, ma séat
chuyen dong trén cac truc, van van. Khi tinh dén cac hé
sO ndy, viéc tinh toan diéu khién s& chinh xac hon, tuy
nhién cac giai thuat diéu khién s& phirc tap can cac thiét
bi diéu khién tinh toan tdc do cao, theo thdi gian thuc
vé6i gid thanh cao, khé g dung vao thuc té.Mit khac,
cac giai thuat diéu khién c6 thé bu cho céc thong sé con
thiéu biang c4ch tinh toan theo cac tin hiéu hdi tiép, hoic
ké ca cac thong sb hoat dong khong thé do luong dugc
trong thuc té, nhu v6i céc giai thuat diéu khién thich nghi

(5], [6].

Pé kiém tra tinh hitu dung cua md hinh dong hoc da
xay dung, budc tiép theo sé& tién hanh cac md phong dé
kiém tra hoat dong ciia md hinh dong hoc da xay dung,
theo cac tdc dong luc ngd vao va vi tri tai & ngd ra.

MO PHONG MO HINH DPONG HOC

Do céc hé thong cau truc thuc co gla thanh cao, thoi
gian sir dung thuong xuyén. Nén dé viéc nghién ciru dé
dang hon, cac thtr nghiém trong qua trinh nghién ctru
duoc nhanh Chong, nhém nghién cuu du kién thuc hién
mot mO hinh cau tryc thu nhé, sau khi mé hinh hoa chay
md phong, cac két qua s& dugc tiép tuc kiém nghiém lai
trén mo hinh thu nhd, aé hi¢u chinh va chay cac giai
thuat dleu khién khac nhau, cudi cung cac glal thuat didu
khién tSt nhét s& thyc hién trén hé thong cau truc thuec.

Nhu vy, trude hét bai béao thyc hién viéc m6 hinh
hoa hé thong m6 hinh cau truc thu nhé du kién, voi céc
tham s6 cho trong bang I11.
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Bang Ill: Cac tham sé mé hinh céu truc thu nhé dw kién

Tham sb Ponvitinh | Gia tri
Toc do cuc dai m/s 0,3
Gia t6c cuc dai m/s? 0,6
D¢ dai lam viéc theo truc X mm 920
D¢ dai lam viéc theo truc Y mm 920
D¢ dai day m 820
Khéi luong tai cuc dai Kg 1
Khaéi heong xe con Kg 1,16
Khéi heong ray chuyén dong Kg 2,2

M® hinh dong hoc theo céc phuong trinh tir (28) dén dugc
thyc hién trén Simulink nhu trén hinh 5. Cac ngd vao Input
X, Y, Z tuong twong tmg cap tin higu di¢ukhién ngd vao Ny,
Ny, N;. Véi cac phuong trinh vi phdn ma ta vi tri bac 2, dé
c6 cac vi tri tai va xe con & ngd ra,co thé lay tich phan hai
lan nhu trén hinh 5.

Input X + B 5 1)
Xx
Add 1/(mx+md)  Integrator  Integrators

Add1 1Umx Integrator  Integrators

1mt Integrator2  Integrator?

¥

Anpha 1/mt1 \megramr.a Integrators
1/mt2 Integrator4  Integratord

Hinh 5. So’ dd khéi md hinh déng hé théng céu truc

Dé cung cap cac tin hiéu luc diéu khién ngd vao, chay
md phong thtr nghiém mo hinh, xem xét cac dap Gng
ngd ra, c6 thé thyc hién so do diéu khién nhu trén hinh
6. Vb1 hé théng cdu truc duge thuc hién bﬁng cac
phuong trinh ddng hoc trong hinh 5. Cac ng vao dugc
cung cap cac tin hiéu didu khién trong dai [-1,1]. Véi
Iuc tong hop trén ca ba truc & ngd vao, va do loi cac ngd
vao bang 1. Két qua mé phong vi tri xe con va do dai
day kéo tai nhu trén hinh 7.

o]

rou

Signal 1 > Input X

Gain

[

X control - Nx

Group 1

Signal 1 1 > Input Y

Al

Gain1 ‘ Terminator2

¥ Control - Ny .
=

Group 1 .
— Signal 1 ) put Z Terminator3
-
Zt =
Gain2 .

Z Control - Nz Terminatord

al

CauTruc

Hinh 6. So' d6 kh6i m6é phdng mé hinh déng hoc hé
thong cau truc

(a) Ngd vao Nx va ngd ra xx

|—| = t (se_c)

o 2 1 16 8 20

(c) Ngo vao Nz va ngo ra zi

' L
. i |—| t (sec)

Hinh 7. Két qud mé phdng mé hinh véi dé loi ngd
vao bang 1

Theo ket qua md phong hinh 7, ¢6 thé thay Vvéi cactac
dong luc tdng hop theo cac chidu & ngd vao, hé thong co
mot vi tri xac dinh & ngo ra. Voi viée diéu khlen vong ho,
vabé qua nhiéu thdng sb, ciing nhu coimot so tham s 1a
hang s6, nén vi tri ra mic di ¢6 xu hudng tién theo cac
tac dong ngd vao, nhung véi sai léch kha 16n. Cac sai lgch
nay c6 thé giam bt bang Canlal thuat diéu khién ‘vong kin,
cling nhu tinh todn chinh xéac thém céc tham so6 cho mo
hinh khi co yeu cau do chinh xac diéu khién cao. Tuy
nhién, véi viéc chon caché sé khuéch dai ngd vao thich
hop, vi tri ngd ra ciia héthng theo ba truc s& chinh xac hon
nhu trén hinh 8.

C6 thé thay trén két qua mo phong, tin hi¢u vi tri ngd ra
cua xe theo truc X va Y, twong g gan dung vaivi tri ciia
tai trong, va d¢ dai theo tryc Z cua tai trong chay ding
theo yéu cau diéu khién ngd vao, c6 nghia latheo ly thuyét
mo hinh c6 thé su dung dugc. Cac sai sotrong thuc té co
thé hiéu chinh bang cac hé s6 cong thémva cac thuat toan
diéu khién.

(@) Ng06 vao Nx va ngd ra Xx
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=

Cr

(b) Ngb vao Ny vé ngd ra Yx

=z Control - Nz |_|
2

08 -

02

0
02k
04k

08 -

) (c) Ngb vao Nz va ngd ra Zt
Hinh 8. Két qua m6 phdng mé hinh voi do loi ngé vao
bang X0=0,3; Y0=0,17; Z0=1

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

Chiing ta c6 thé sir dung mé hinh khong gian trang thai
dé mo ta hé thong cau tryc. Pay 1a phuong phap mo hinh
hoéa cho cac hé thong diéu khién co mirc do phc tap cao.
Trudc tién, cAn hiéu chinh mé hinh dong hoc theo lyc cia
hé thdng trong phan trude, dé tao ra tap bién tuyén tinh cho
mo hinh khong gian trang thai ctia hé thdng. Trudc tién ky
hiéu chiéu dai cua tai theo truc Z 13 zy. St dung cac xép xi
da sir dung trong phén trudc, cac phuong trinh vi tri tai (8),
(9), (10) sé& ¢ dang:

X =Xy +Zyf (33)
Yt =Yx +Zx @ (34)
Zt == 1y (35)

Téc do chuyén dong cua tai trong s& tinh dwoc bang cach
lay dao ham cac phuong trinh (33), (34), (35).

Gia toc chuyén dong cua tai trong s& tinh dwoc bang cach
lay dao ham bac hai (33), (34), (35).
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yX+ZXa+22Xd+sz:%a (43)
N
Iy=——% 44
X= "y (44)
_ Nx+Nzp
X = {myc+mq) 9
Ny+Nsa
_yt™z
= (46)

Tép hop nho nhét cua cac biél‘l doc lap tuyén tinh c1:1a hé
thong, sao cho gia tri ciia cac phan tir trong tap hop bién tai
thoi diém t;, cing véi cac ham cudng buc da biét, xac
dinh hoan toan gié tri ctia cac bién hé thong tai thoi diém
t> to duoc goi 1a cac bién trang thai [5]. Tuyén tinh hoa
hé thong phi tuyén bang céc bién trang thai trong (47)-(56).

x| = Xy (47)
X2 = XX (48)
X3 =Yy (49)
X4 =Yy (50)
X5 = ﬁ (51)
xXg = (52)
X7 = (53)
Xg = a (54)
Xg = Zy (55)
XlO = 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 duoc biéu dién
bang véc to. Cac bién dugc do bang cac encoder & ngd ra
la vec to. Trong truong hop nay cac bién biét
Xx» Yy Zx, @, B 1a céc bién chua biét. Theo cac phuong
trinh (47) — (56) cac thé dat cac ham ngd ra nhu sau:

Y1=Xx =% (57)
Yo =¥x =X%X3 (58)
Y3 =B =¥ (59)
Ypg=a=X%g (60)
Y5 =2x = Xg (61)

Céc bién ngd vao la cac luc diéu khién Ny, Ny, N ching
tao thanh mgt véc to ngd vao px1: [ul u ...um]T véipla
s6 ngd vao. Mot tap gdm n phuong trinh vi phan ¢6 n bién,
trong dé n bieén can giai 1a cac bién trang thai dugc goi 1a
phuong trinh trang thai [5]. Cac vi phan trang thai dugc
tinh trong cac phuong trinh (42) — (46). Hé phuong trinh
trang thai don gian hoa cho hé¢ thong cau truc sé nhu sau:
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L _ Nx+NzX5
2= (mymg) )
X3 =Yy = X, (64)
N +N2X
%s == Xg (66)
N Ny+N
ZFZ - n’;xﬂéxileoxﬁ
X = =— . (67)
X, =d =X (68)
7 3
oNz  Ny+Nzx 2X40%
% = 6 =t . (69)
%o = 2y =X (70)
N
X0 = Ix= e (71)
m

Pé biéu dién hé thdng bang hé phwong trinh trang thai
chudn can tim cac ma tran trang thai A, B, C, D. Cac thanh
phan ciia cac ma tran trang thai duoc biéu dién bang cac
phuong trinh (72)-(75).

S%

3jj = _r i=12,..,n j=12..n (72)
§xj
5%

bijzi' i=12..n j=12..p (73)
5Uj
5 .

Uzi i=12,..,n j=12..n (74)
5Xj
é‘ .

dij‘i i=12,..,n j=12,..p (79)
5Uj

Tét ca cac phwong trinh vi phan cho cac thanh phan cua
cac ma tran trang thai déu co thé tinh toan duoc. Tuy nhién,
cac ma tran A, B, C, D can thoa man diém 6n dinh

0 =[ x0504050 40 0,04010 0] ~[0000000000]"

va ngd vao, do tat ca cac dao ham cua cac bién trang thai,
cac bien do ludong va cac lyc tac dong can bang khong, khi
tai trong chuyén dong tdi vi tri dieu khién.

MO PHONG HE THONG TRONG KHONG GIAN
TRANG THAI

Dé mo phong md hinh khong gian trang thai, ching ta
thay thé cac ma tran cia mo hinh cau tryc va mo hinh khong
gian trang thai chuan ctia mot hé thong bét ky nhu trén hinh
9. Va theo cac phuong trinh da xay dung ching ta c6 mo
hinh biéu dién khong gian trang thai ctia hé théng cau truc
trong Simulink nhu hinh 10.
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Hinh 9. Mé hinh biéu dién khéng gian trang thai

Hinh 10. M6 hinh khéng gian trang mé phdéng hé
théng céu truc trong Simulink

V6i cac lyc ngd vao md ta trong phin md hinh dong &
trén, voi d6 loi ap dung cho luc tac dong mdi truc, co thé
mo phong hé théng véi so dd khdi nhu hinh 10. V&i mot
gi4 tri ngd ra chung ta can thiét lap tap bién nhu trong (57)
— (61). Hai loai lyc tac dong ngd vao cho cac ngd ra nhu
trén hinh 11. Duong xung Vuong la xung lyc tac dong ngd
vao, va du’o’ng con lai biéu dién vi tri tai trong & ngd ra.
Hinh 11 (a) biéu dién ngd ra véi cac xung lyc don ngd vao,
c6 thé thay rang mé hinh cho phép hé thdng dat dwoc vi tri
mong mudn trén ca 3 truc chuyén dong. Do truc Z chuyén
ddng nguoc véi chiéu biéu dién trong mé hinh lyc nén ngd
vao dugc nhan vai -1. Hinh 11(b) mo ta ngd ra véi xung
luc kép 6 ngd vao. Tuc 1a tai trong dugc didu khién toi hai
vi tri khac nhau, c6 thé thiy két qua mé phong gidng voi
két qua mé hinh dong hoc don gian trong phén trudc.

(a) Lyc don ngd vao
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(b) Luc kép tac dong ngd vao

Hinh 11. Mé phong mé hinh hé thong cau truc trong
khong gian trang

IV. KET LUAN

Bai bao thuc hién viéc xay dung mé hinh toén 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 ph1 tuyén bac cao,
nhung cac phuong trinh lugng glac xap xi cling co6 thé s
dung dé xay dung mo hinh don gidn cho hé thong Mo
hinh toan hoc cta hé théng 1a phi tuyén voi cac phuong
trinh vi phan bac 2, sau khi thyc hién céac xép xi dé tang
d6 6n dinh cho hé thong trong qua trinh mo phong da thém
d0 loi cho luc tac dong trén moi tryc.

Tiép theo dé tai thyc hién viéc md hinh héa hé thong
trong khong gian trang thai, cac phuong trinh vi phan
trong phan trudc duoc su dung dé xay dung mo hinh
khéng gian trang thai cho hé thong v6i 10 bién trang thai
3 ngd vao va 5 ngd ra. Két qua mo phong trong hinh 11
cho thay mo hinh xay dung ¢6 thé sir dung dugc trong viée
diéu khién hé thong cau truc.
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MODELING OVERHEAD CRANE SYSTEMFOR
AUTOMATIC CONTROL OF LOAD POSITION

Abstract: This paper presents a method to model the
system of controlling the position of the load for the
overhead crane, serving the automation of the overhead
crane system in practice. Since the control of overhead
crane systems for different applications in practice will
require different control accuracy, for systems requiring
low accuracy, a simple dynamic model can be used.
Therefore, in this paper, the modeling of the overhead
crane system is carried out according to the following
steps: First of all, the model of the moving position of the
trolley, the girder system and the length of lifting and
lowering the load is performed, with the equations of three
axes of motion according to Newton's 2nd law. Next,
approximate approximations are made to simplify the
dynamic equations of the system. To check the necessary
accuracy of the dynamic equations, the article simulates the
operation of the mathematical model, according to the
parameters of the miniature overhead crane system. And
correct the input gain of the forces acting along the axes to
demonstrate the usability of the built mathematical model.
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