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THIET KE BO DIEU KHIEN VI PHAN - Ti LE HOI TIEP TUYEN TiNH HOA
CHO CAN TRUC CONTAINER GAN TREN TAU

DESIGN OF A PROPORTIONAL - DERIVATIVE FEEDBACK
LINERIZATION CONTROLLER FOR A SHIP - MOUNTED CONTAINER CRANE

TS. LE ANH TUAN
Khoa Co khi, Trirong DHHH Viét Nam
76m tit
Chung 16 xdy dung hai b6 diéu khién cho hé 1‘/70/7g céu container gan trén tau dua trén
St phéf hop cia ba Ky thudt diéu khién: Ho6/ z‘/ep tuyén tinh hoa, truot va vi phén-ti 1é
(PD). Cac nhiéu gém do dan nhot cua nuoc b/e/z do dan hoi cda cdp treo, kich dong cda
so’pg b/e"p gay ra chyyép ojéng cua tau g’uoc kKé ofén day du frong qua {r/‘n/7 thiet ke. Bp
diéu khién duoc thiét ké deé thire hién dong thor bon nfiém vu: Diéu khién xe con chuyén
dong c/7/’/7{7 xdc dén vi tri yéu céu, néng /70:;70 ha con{a/her c:/7fn/7 xac, gidam aao dong doc
va giam lac ngang cqm‘a/'ner: Cong trinh gé(ﬂ /7,a/ p/?é{?.' Phan nay tép trung xa Y aung mo
hinh todn va thiét ké bo didu khién PD hor tiép tuyén tinh héa (PDTTH). Phén thir hai
thiét ké bo diéu khién PD trurot sé diroc trinh bay trong bai béo tiép theo.
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Abstract

We construct two conlrollers for the container cranes based on the combination of
feedback linearization, Shding mode, and proportional-derivative (PD) control. The
disturbances composed of viscoelasticity of sea water, elasticity of suspended wire rope,
and sea-excited motions of ship are fully considered. The controllers simulianeously
conauct four duties. tracking the trolley to reference, lifting the container to desired cable
length, reducing the axial container oscillation and container swing. This study consists of
two parts. This part focuses on modelling and PD feedback linearization control. The
second part representing PD sliding mode control will be introduced in the next paper.
Key words: control, ship-mounted crane, wave excitation.
1. Gi&i thiéu chung
Puwoc xép vao nhém may truc kidu cau, can cdu container dwoc st dung rong réi trong cac
cang bién dé nang chuyén container. Nhiéu cang I&n trén thé gii hién nay 1a cang séng, vi du:
cang Shanghai (Trung Quéc), cang Rotterdam (Ha Lan). Trong truéng hop céng séng cé ludng
vao hep va néng, nhirng tau container siéu trong, vi du: Tau container 18.000 TEU, khéng thé vao
cang dwoc. Khi d6, hang héa dwoc chuyén tai & ngoai phao sé khong. Can ciu container gén trén
tau (hinh 1) dwoc trang bi d& nang va chuyén container tir tau I&n sang tau nhé hon. Sau do, cac
tau nho sé chuyé&n container vao cang noi dia dé bbc d&.

Nghién ctru vé doéng lwc hoc va diéu
khién can truc container gén trén tau chua
dwoc quan tdm nhiéu. Messineo va Serrani
[1] d& xudt mot bo didu khién thich nghi
cho can truc container dat trén phao ndi
trong trwdng hop tai bi nhdng hoan toan
trong nwdc. Erneux va Nagy [2] phan tich
4n dinh phi tuyén cta can truc container st
dung k¥ thuat héi tiép tré. Masoud va AH
Nayfeh [3] phat trién mdt md hinh toan méi
clia can cau container khi xem container la
mot vat rén treo trén bdn nhanh cap cing.
Mb hinh trén dwgc don gidn héa thanh moé
hinh con lac kép. Luat diéu khién hdi tiép
tré dwoc 4p dung vao mé hinh nay dé giam
l&c container. NA Nayfeh va Baumann [4]
da giai dé tim nghiém giai tich ctia mé hinh con l&c kép béng phwong phap da thang. Thuc day béi
cac nghién ctvu ctia nhém AH Nayfeh [3, 4], ching t6i xay dwng hai bod diéu khién phi tuyén bén
viPng vé&i cac diém cai tién sau day: (i) Khac véi cac cong trinh ctia AH Nayfeh va cong sw [3,4] ma
& do can truc container gan trén nén clrng vé&i cap cing, cong trinh nay thiét ké hai bo diéu khién
trong trwdng hop tau dwoc xem la vat rén treo trén nén nwéc dan nhét va cap nang hang duoc
xem |a day dan héi. (i) Trong khi cac cong trinh cia nhém AH Nayfeh [3, 4] thiét ké bo didu khién
hoi tiép tré dé gidm I&c container, chung t6i st dung hai ky thuat diéu khac (diéu khién trwot va hoi
tiép tuyén tinh hoa) dé thiét ké hai bo diéu khién bén virng.

La hé hut dan déng, can truc container gan trén tau cé hai tin hiéu vao gém luc kéo xe con
va mé men quay t&i nang ha container. Hai tin hiéu nay dan dong bén bién trang thai gém chuyén
vi ctia xe con, chuyén ddng nang ha container, lac container, va dao dong clia container doc cap.
Dwa trén mo hinh toan cé k& dén sy dan nhét clia nwéc bién, sw dan hdi cla cap nang, sw kich
thich clia séng, hai bo diéu khién dwoc phan tich va thiét ké bang cac ky thuat diéu khién khac
nhau. Hbi tiép tuyén tinh hoéa tirng phan va diéu khién trwot dwoc ap dung dé dan dong xe con va
nang container trong khi thanh phan ti 1& - vi phan (PD) dung dé gidm I&c va gidm dao déng doc
cta container. Phdi hop cac thanh phan diéu khién néi trén, ta nhan dwoc hai bd diéu khién co tén:
bd diéu khién PD hdi tiép phi tuyén va bo didu khién PD trwot. Anh hwéng ctia nhiéu ngoai gdm do
dan hdi cGa cap, dan nhét clia nwéc bién, va kich thich clia song dwoc can nhéc day du trong qua
trinh thiét ké cac bd diéu khién.

Hinh 1. Can truc container gan trén tiu
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2. M6 hinh toan

Xét hé can truc container gan trén tau
cd md hinh vat ly nhw hinh 2. Hé déng luvc
c6 hai vat ran gdm than tau (m,, J) va tang
quan cap co cau nang (J 7,), va hai chat
diém gbm khdi lwong xe con 7, va khéi
lwgng container m, Gia st tau ding trén
nén nuwéc dan nhét dic trung béi do clring
(k1, k) va cac phan t&r can (&, £,). Cap nang
dwoc xem nhw la day dan héi dac trung boi
lién két dan hdi 4; va phan tlr can b;. Hé co
sau bac tw do gébm chuyén déng xe con

¢, = x,, chuyén dong quay clia toi ¢, =¢,,

chuyén déng lac container ¢, =6, dao

dong doc container trén cap ¢, =, dao

dong thang ding cla tau ¢ = », va lac tau

76 = @,.Nhu thé,

Hinh 2. Mé hinh vat Iy cén truc container gan
q= [X, ®, 0 s b% ¢b]f|é véc to mod trén nén dan hoi
ta cac toa do suy rong. Cac luc ngoai tac dung 1én hé gdm lwc «, dé kéo xe con chuyén dong va
mé men A7, dung dé quay t&i co ciu nang.

2.1. Phwong trinh vi phdn chuyén déng
Hé phwong trinh vi phan chuyén dong da dwoc thiét lap trong [5] cé dang

M(q)q+C(q.4)4+G(q)=U (1)
VO M(q)z[/ﬂ//] & ma tran khéi lwong dbi xing, C(q,ﬂ)=[c;}_.:| & ma tran can,

G(q)z[g/] la véc to trong lwc (7 /=1+6),U=[=u, n,=0, 0 0 0 O]f la véc to tin hiéu

vao. Cac phan tl& cia ma tran va véc to noi trén xem thém trong [5]. Tinh chat déng lwc cta hé
dwoc mo tad bang hé phwong trinh vi phan phi tuyén (1) ma & d6 hai thanh phan lwc ngoai

U=[# 2 0 0 0 0]'dwoc st dung d& didu khién sau bién trang thai
7
a=ls % » @ % #]-

2.2. Kich thich déng hoc ciua séng bién

Gia s tau bj kich thich tudn hoan b&i séng bién didu hoa, chuyén déng binh 6n cla tau
gdm dao déng theo phuwong thang dirng va lac tau quanh khéi tam dwoc mé ta bang cac ham diéu
hoa

y=Xsin(a+a) )
va

@, =—D,sin(w,/+a,) )
v&i X, D, la bién d6 dao dong, @, va a, la cac pha dau, @, va @, la cac tan sé cwéng blre didu

hoa. Thay kich thich ddng hoc (2 va (3) vao hé déng luc (1) dan dén phwong trinh gidm bac cla
chuyén dong gay ra b&i song
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M(q)i+C(q.9)q+G(q)=F (4)

voi - M(q)=[7], C(a.4)=[<,]). G(a)=[&]. F=[/].4=[5 ¢, 0 o =[g](4/=1+4)
Cac phan t& cia véc to luc F dwoc xac dinh boi
S =u+ms Ko} sin(or+a, ) —m D, sin(@r+a, ) — G o, cos(az+ )
S = M+ m B sin(@z+ay ) = m @y sin(@,7+ @, )~ 6o Ko cos(ar+a)
S =mys ke sin(ar+ay) = my @] sin(wr+ o, )~ g Koy cos(ar+ay)
S = ms B sin(@yr+ o) — m oy sin(or+ o, ) — Koy cos(@yr+ o )

Dw6i tac dung clia kich thich dong hoc (2)va (3), tau dao déng diéu hoa véi hai tAn sé
cudng blrc @,,w, nhw la cac dap (rng xac lap. Néu khong ¢ tin hiéu diéu khién tét, dao dong
cudng blrc clia tau dan dén s lac I6n clia container va chuyén dong khéng én dinh clia xe con.

3. Tach hé dong lwc

Luc F trong phwong trinh (4) gdm hai thanh phan: Tin hiéu didu khién (#,, A, va kich

dong diéu hoa vai tan sé clia song (@, @, ). Ta di thiét ké cac luat diéu khién (z,, 47,)) dé dan cac
bién trang thai q= [x, o, 0 S]T 6n dinh  tiém can dén cac gia tri xac lap
q,=[+, @, 0 0] .Mb hinh toan (4) cho thay cin truc-tau I hé hut d&n déng. Hai tin higu
didu khién ( ,, 47,,) dan dong tryc tiép trang thai ch dong q, =|.r, (/7”7]7. Géc l&c va dao dong

f pt 2 s « X ~
doc container dac trwng bdi trang thai bi dong q, = [(9 J’] dwoc dieu khién gian tiép théng qua

cac rang buéc hinh hoc. Hé dong Iwc (4) dwoc tach ra thanh hai hé con nhw sau
M, (@)d,+M,,(q)d, +C,(q.9)q,+C,(q.9)q, +G,(q) =F.+F,, (5)

M,,(q)d,, + M., (Q)i, +C,,(q.9)q, +C.(q.4)q, +G,(q)=F, (8)

VoI,

- : et C - . c. 0] - ] e c . . e 0
Cll(q’q)z': ! 12:|’C12(qaq):|: ’ Oi|vc21(qan= " 32:|7C22(q7q)=): * i|s

G O 23

G, (q){i] G, (q){;ﬂjﬂz {ﬂ F:{/lﬂ Fuy :{ﬁ

Ji=mi Xt sin(mz+ o) —m @ sin( @+ a, ) — G Fio, cos(m 7+,

Je = mys K sin( @+ oy ) — o5 sin(@,7+ o, ) — o Few, cos(myr+a ).
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Chu y réng 1\7122 (q) la ma tran xac dinh dwong, phuong trinh (6) dugc viét lai

d, =M} @)| F.. ~ (M, @i, + C. (4.4, +C(@. @), + G, (@)} )
Thay phwong trinh (7) vao phwong trinh (5) dan t&i hé dong lwc giam bac
M@y, +C (4,4)d, + C,(a,4)d, + G(q) =F, +F,, ~M,(@M,,@)F.,,, (8)

voi - M(q),C,(q,9),C,(q,q),G(q) xem thém trong [5].

Xem (q,, la tin hiéu ra, ddng lwc hoc chi dong (8) dwoc viét lai

i, =M (@){F.+F,, M, (@M, (QF., ~C,(q.9)4, - C,(q.9)4, - G(q)} (9)
4. B6 diéu khién PD hdi tiép tuyén tinh héa

Chung t6i d& xut mot bo diéu khién phi tuyén st dung ky thuat hoi tiép tuyén tinh hoa két
hop v6i tac dong vi phan — ti 1&. CAu tric cla bod diéu khién gdm hai thanh phan: Thanh phan héi
tiép tuyén tinh hoa dung dé dan dong xe con va nang container (dac trung bdi q_,). Trong khi do,

thanh phéan PD dung dé 6n dinh tiém can trang thai bj dong q, gém goc lac va dao dong doc cla
container trén cap. Goi €,=q,—q,, = [(x, —Jfa,) ((pm —gp{,)]fva e, =q,= [6’ S]flé cac sai
s6 dan voi 1, va @, 1a cac gia tri tham chiéu. Ta thiét ké céu trac diéu khién dé on dinh tiém can
trang thai chd dong q,. Dé triét tiéu thanh phan phi tuyén trong vé phai ctia phuwong trinh (9), ta

dat V_ la tin hiéu diéu khién quy ddi sao cho dong luc hoc cha dong (9) tré thanh

M (10)
Dé 6n dinh tiém can sai s6 dén e, diéu khién hdi tiép trang thai quy dbi dwoc chon nhw sau

V, =-2Aq,—A"he,=—2%q,-A"A(q,—q,,) (11)
dan dén phwong trinh mach kin

€, +2%e,+1 ke, =0 (12)

R& rang, nghiéme,, :ea(O)exp(—k/) clia phwong trinh (12) &n dinh tiém can v&i moi ma tran
duong A > 0.0 day, A =diag(4,4,) la cac hé s6 diéu khién duong. Thanh phan diéu khién hbi

tiép trang thai tong quat dé on dinh q, bay gi& dwoc xac dinh

- VK [ S Gy = = i i

Fc = Cl (q’ q)qa + Cl(qs Q)q;,r +G(q) T N[lj lq)Mﬂ (q)Fr'l'Q = F(fl'l _I\(l(q) {2M‘7 ¥ }b l (qﬂ 3 qu)} (1 3)

Dé gidm lac va giam dao déng doc cla container, thanh phan ti 1& - vi phan

sz/ = quﬂ +Ka£|;f (14)
can dwoc thém vao cau truc didu khién (13). CAu trdc cla bd didu khién PD hdi tiép tuyén tinh hoa
dé 4n dinh tiém can ca trang thai chi dong q, va trang thai bj dong q,, bay gior dwgc xac dinh
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ﬁL’ = Cl (q’q)qﬁ’ T CJ (q’(i)'flh’ +G(q)+M12(q)M;(q)F@r2 _ﬁexl

_ N 1
~M(q){2Aq,+1"A(q,-q,,)} -M(@)(K q,+K 4,) i

voi K, =diag(&,. &, )va K, =diag(4,.&,) 1a cac ma tran hé sé didu khién, duoc xac

P17 p2

dinh béng phwong phéap thir ding dan (Trial and error), day la nhitng ma tran dwdng chéo dwong.
Bo diéu khién héi tiép phi tuyén (15) gébm ba thanh phan, méi thanh phan cé6 mét nhiém vu cu thé:

Thanh phan él(q,lf])q‘?+C3(q,(])qy+G(q) dung dé kh chuyén doéng tw do. Thanh phan
(M,,(@My,(q)F.,, —F.,, ) ding d& khir kich thich diéu hoa ctia song bién. Sau ciing, cac thanh
phan M(q){2Aq,+1"A(q,-q,,)}va M(q)(K,q,+K 4, )ln luot ding d& én dinh cac

trang thai q, va q, cta hé.

5. Két luan

Chuing t6i d& xay dwng moét mé hinh toan méi cho can truc container gan trén tau cé ké dén
sy dan hdi clia cap thép, sw dan nhét clia nwéc bién, va kich thich clia séng. Chuang t6i cling da
thiét ké thanh cong mét luat didu khién dwa trén héi tiép tuyén tinh héa va vi phan — ti 1&. Két qua
mé phéng sé dé kiém chirng chéat lwgng clia bd diéu khién nay ddng thoi thiét ké thém mot bo diéu
khién khac sé dwoc trinh bay trong bai bao tiép theo.
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TiNH TOAN DAO PONG XOAN TU DO
CUA THANH THANH MONG TUA TREN CAC GOI CUNG
BANG PHUONG PHAP GIAI PHONG LIEN KET TRUNG GIAN
CALCULATING THE FREE TORSIONAL VIBRATION
OF CONTINUOUS BEAMS WITH THIN-WALLED CROSS-SECTION
BY INTERMEDIATE SUPPORT RELEASE METHOD

TS. TRAN NGOC AN, ThS. LE TUNG ANH
i Khoa Cong trinh, Triong DHHH Viét Nam
Tom tat ’ ) )
Dao dong xoan co val tro quan trong nhw dao dong uon trong tinh toén cau treo day vang
va ddy vong. Trong bai bdo nay, céc téc gid trinh bay phuong phap gidi phong lién két
trung glan dé tinh todn dao déng xodn t do cda thanh thanh mdng tua trén céc gor
cung.
Abstract
Torsional vibration plays an important role as bending vibration in calculating the cable-
stayed bridges and suspension bridges. In this paper, the authors present the
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