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System Design for a Barge Ship with Tugboats

= ¥
o|s&" - 4d

Dong-Hun Lee™, Young-Bok

=
K

im* and Chang-Woo Kim**t

(Received 12 July 2022, Revision received 18 August 2022, Accepted 18 August 2022)

Abstract : In this study, a motion control system design of barge-type surface ship is considered. The

barge ships are used in numerous applications for a variety of purposes. Especially, in the ship building

industries,

heavy and huge equipment and assembly parts are carried by these ships. However, it is

difficult to achieve desirable motion because the propulsion systems are not installed on it. Therefore, the

assistance of several tugboats is necessary to guarantee safe and quick operations. So far, automatic

control techniques have not been incorporated with these systems. Hence, in this study, a useful control

strategy is suggested to provide a solution for this issue in order to obtain the desirable motion control

performance. Accordingly, a motion control system configuration is presented, and a robust control is

derived. The usefulness of proposed control system is verified by comparison study with LQ control. The

various simulations are carried out to provide a better look at the performance of the barge ships while

being controlled.

Key Words : Barge-type surface ship, Ship building, Propulsion system, Tugboat, Robust control

1. M B

H}Z] A (barge) 2] 25 A o] A ol
LA FRAAE AEs)
A ¢k Aol A== FA oz FddA o]

4
saln, gut dutomt ewely] o¥e Ax

LR EES I E
Sa A& SFEHS FEAIE oy AH
Qi =ge wEn sty

21 %-$-(ORCID:https://orcid.org/0000-0002-3553-8383) :
] Fr A

E-mail : kimcw@seaman.or.kr, Tel : 051-620-5562

*7] 4 E-(ORCID:https://orcid.org/0000-0001-6035-6744) :
2, FAUE R 7 A =HF 8 HF

& (ORCID:https://orcid.org/0000-0001-6157-9763) :

FAWER AN =TS E

o

**t Chang-Woo Kim(ORCID:https://orcid.org/0000-0002-3553-8383)
Professor, Korea Institute of Maritime and Fisheries

Technology.

E-mail : kimcw@seaman.or.kr, Tel : 051-620-5562

*Young-Bok Kim(ORCID:https://orcid.org/0000-0001-6035-6744)

. Professor, Department of Mechanical System Engineering,

Pukyong National University.

*Dong-Hun Lee(ORCID:https://orcid.org/0000-0001-6157-9763)

. Professor, Department of Mechanical System Engineering,

Pukyong National University.

SHA AT DX H26H M4, 2022'd 8 21


https://crossmark.crossref.org/dialog/?doi=10.9726/kspse.2022.26.4.021&domain=http://kspse.org/&uri_scheme=http:&cm_version=v1.5

oM A HIX[M 2SHIT2fat ZImoiA dAlof et 27

o= DP Al2®l(dynamic positioning system) 7]&
ol o FFA EFAYEel IA N
HA A= Exe] DP Al 2Ele AA5
o & A oy oA I 55
& Agolm, EE oA oEd= FeE %
dol sy

SA Al Al
Hol k. & 5ol o

*d AstA AHdAM7I= EA
AWt 2EH QT olue Mt
x%;f_;]z‘;] Z A S
BRE olygl XA 2H)
2=T< T8l HALEEAHAA L g

= ALHATGH =

jai
=

rE o
N o g

o W o o
B m g oo
gt 3 &
ﬂi*ﬁﬁ
Exind
™ o
2
o A
rm =

5o

rulo

>
I ol
o

oA

4%
glokH
oA A =
H“HF&E?%%%%ﬁédthlﬂﬁ
gozH wAHe &

ﬁﬁﬂwﬁ*ﬂﬂﬂaﬂ

tlo

4
ox
2
R
1o
Ho
ot
-0,
ol
ox
_‘1
2 4
of

_O‘ll‘
rlr
re
=y
v
:Jd
bt or
T
til
)

K]
2
AR A O

ey N
it
X
il
N
iz
o
fu
rhl
amloniorﬂsﬂsﬂrﬂ%o

12
o
it
= l:I

N jo & 2 Z e Krf o oo o2

b ot
2
X

S
Lo/
il
tlo
J
N
2]
=)
X
r>~
filo
p
a
o

2
L
f
tzl

A
shefafor ahie] @ olF Fig 1o JERIAT.
AeiAA 7L zHEA G Ha G5 o
AR N AAHAY TR A 2l 7

o] A 1€ o] otk Hge] AFHoEE

S5 okl sl HIZAAGK sknl, ol F $ls1A

t 49s And ggAgol BastAR okt
|

st 7)ol AEE}J— A& W

ﬂ%ﬂt@%&a

22 SHAAHZUYX] M26H M4z, 20224 8

I &S ofHA st FE allolth 1y F
o= Fig. 29} #Zo] A& 9 dAA 7} 7}
S Azl AdEo 4835 Al o=
o'V olE g vl 5 2T o A
oA dAd Ferles FrFeE AL +
ME AZ7v 2 Aol

Al B AFAE QT mAS Shte] Al
2 Fste] FHH R Aojgosn wAd
Far HAEA FEAA O ol FAE F A
7H%‘6}~ﬂ] ATERE FUTH
BolME 2R BEE 24 Jlo] F
HollM e oJehe] J&s AdstA o
Al A A7 7Fed AlJAE AAg
3l B =olAe —\:%3101"]’\914 %
A (robust stability)Z} A5 FHEL7
3l H, Aojo]&ell 7]uksle Z1]°17]E A A g
o FAReRE B AASHA diA s
AE XA s S T F e ARAE
AABIR, ANEHIAS B3l Adete Ao

¢

¢

¢

0,

]

@

I}
log

>
H

N
e o I
LN

b
Ny
i ri?i nJIO

d

2 oly _ll{lﬂ i oo >

& H
f

o

W
3

2

do o

I AoA L FEAS Bt =S g

Fig. 2 An electric tugboat



2. BRIMY ¥ DY

=2A
AAE $3l 4739 dHe ALgsteE A9E 1Y
g} HAA L 24 T RE AZE =Y
F& 27E AAE §A AAxHE H85=
A g wwstA S8 o] FAFL FL
Tkl A 2A2HA APFHEE 3159 FoU}
a3 Zoltt sl o ZPolnE o

Ho| i g olgst zlo] YA, B AT
AL 470 dae Fig 39 2ol WA 7
dg FPsHE +E DT ol mA el

obd Fhrtel HEshe

o 9NF 4+ ks 4B 19
A A ARRARE o wEe] BE 94
& MANA DI PrE PUOE MAMY
Fg Aolst Aol Fedolth

bt

A Fig. 39] Al=El TAESE #ol, wiAA
< o= 3hal 439 of Zojjo]E] & &
o wEolAE WA ekl oA aw
A Fogtoh?

ool o

=
tlo

)
it
]
e
4
1>
o
1,
o
4
:?1:4"

]

Fli=1,.4)=

2

A& ougt). ol &=
I e ke AolE B3 d3te AR olF
slal AAAIE A% 7FsEHI )
ve] og & 4 glon, d8E FARES o] &
st ot BAF oA ot wHoR
ExdA s 3 sz 08
we}A] Fig 39 BHE 7|F0 =2 3l
&3t ve 3 Sy
THAAe 1A ¢1, B
LogrlE 239 e hE =59
2 =3tk 1831 Fig 3904 (b)E 9
g F(i=12)3 AJY F(i=1

a

o
u e g
- r_?jg
o
!
o
i
)
ox
>
AY
rr
(3]
iy
o
2

z Mo > 2

N
£
fr 2

AN 28 THS 9T &5
3 o

A B2

1>
l">' mlO ﬂl{ﬂl 03":

moox o > oo o
[e%

e
ol i

2

N,
==

2.2 HEX|MO)| CHet m2E

Fig. 300 vk Az 2ol Alojj ke 3
AA=] glo] Aol o9& Fo] AojHT) o)A

A 2 AT

v

© Xy Hrel A= tFol

(a) overall schematics of the controlled system

(b) schematics of the tugboat side

Fig. 3 Schematic diagram and coordinates setting for system modelling

SYHAA-ZTHYX| H26@ M4z, 2022 8 23



ol A7 HEX|M 2SHOoITfar ZUXMoiA Ao 2e A7

AT FAFEF4 A Aok 7HAstH Autes o (i=1,..,4): BA AZF 7|43 X ¢
B2 v Zo] xdEnh? 3 AolYo] 0|2 7w
: By, By o A FAAAH} 2oz AAMe] o] F
My, +Dy, =, ) N
e R(’¢ )V =
7 s/Vs 5 (i=1,2) : AA#, #2 99 JHZL
M ERYSe @AYHo|m, D RV | L(i=1,2) : A #1, 29 ZAL Adstes =
oF 4 3 o]
FYPz 247 4 (29 o] wAAL
Li(i=1,.,4) @ BA FAFACAA 2 Aod
my—X. 0 0 287k 9] AT
M= 0 m-Y —Y @ AT HgAsh BAZATe] FHAY
0 N LN liy(izl,...,4) SEEIEXEERE T ERET
=X, 0 0 % 7e
D o= 0 “hoh 4 e EFWRHNA 7, = [1,.7,7, ]
_N _N - .
0 B 2zt A 7q(surge) 29 o) (sway)dF I 829
E

N AofEl g ehitd, Fig 302 RE @Al
T 0, =l gy WITE RIS ATIARE gm0 e vt 2ol AT,

(Earth Fixed Frame)olA2l 1A (z,,y,)9 4=

¢ ol 3 B A o)t = Fico, + Fycoy + Fieay + Fieay
‘ t = 15a1+FQsaz+ngag+Flsa4 4
=3y =lu,v,n ] ERE AATARE ca1+lb5a1)+F( 12,c(xz+lb3(xz) “)

(Body Fixed Frame)ollA2] A A|(surge), 2=$°] +F l ca;-‘-l,éag)+ﬂ(—l4yca4+lbsa4)

(sway) 2 & (yaw) ¥ &5 Yephdo, 181

'Ef: o tigk e B3rle IS o=, ve 3§
R(y,) v A#EE AAFEE AT = wg) S0z etk o] o1
R Sl Ao =H
g2 o5 A9 2k (F, c*) =cos(*), s(*) =sin(*))
cay ca,
by =8, 0 Bla)= sy 50 )
R(p,) = |s¢, ey 0 3) (L cay +lsay) (=l con +isa,)
0 0 1  cay  ca,
say sy
2 =7odA AgHEe F8 S e e (Iy,cas +lsag) (—1yco+1soy)

3
ri
=
m
=
X
2
A
2
2
ru_

gt FA A e 7,=B)Ft 2ol 2L F
Atk &7N F=[F FF, F,]"= 9300
X . V.V stag ol 4719 JHORRE WEO|XE Zh7te] Y

& Yehdth Alol7| ZREI AojalsE 7 A3
oolelell AGsLr] s = Alo]H Eul(control

uy v, : oz, y, W S5 AR allocation)”} B 23Ith o= ML= e A
Yoy, Py 0 B E G #1, 29 A5 Z+o] Pseudo-InverseS ©]| &3 7o) YutF o)t}
0.(i=1,..,4): B ZA3} 7+ Aojg z+gHo) .
i (Z ) 4 l F=B(a)TB(a) T ©6)
=2 7l . B
O]Tx_ = B(a) :{B(Q)B(Q)T} 1

24 FHAN2-ZURK] H26H M4z, 2022 84



.21
(=]

oh

ols&
Z, Bla)7} = (nonsingular)e] o} 7] w&
0] €] Pseudo-Inverse ¢l B(a) & o] &3}
metA ZRH R A5 o7 AFEHAE 7 o

Aol Aikslior & 3 FUF A-sH o E AtET.
21 (H)F o Al #A

v,=R"(¢,)n, 7

(1/) )0, +R (4, )n, ®)

ZRE vAAe] E5EALL 2 (99 GEHITA
oz wRHEGD

n,= —M;'Dn,+M! T, ©)

olAL APAE molw, o 7t F83]

O MRS R(y,) =1 2 Fol 7@ Zolh.

;’.75 = [%07 é)ov QA} T’ 715 = {4'507 ?'407 "L’s]T oltt.
2.3 GiMol zeEl

m = [95107 Yi0» '¢1]TE R'E A| 7318 2} 3 (Earth
Fixed Frame)ollA12] oA #12 A (39, yy) &

AR eI T, 24 WAL $593
qe Foht wHoE die eERHAE 4=
g Aok oJACZRE oA #191 =50
& g 43 go] EAHET
M’.ﬁ +Dyv, =1 + By, (10)
. —R(wl)‘/l
2z AAH] MY FAFAH T
A Ml RemRES WA s
e Ty 7,173 By thE 2
Ta Fpl_FlCﬁl (11)
Ty = —Fs6
7, =0
—ky,
By = |~ Fky, (12)
klr

(o2}
o

=

2 (10)olA MERP S AHE, DER

= g golr

koA AmE AT Bol A (DelA E,, F
2 9 #19 FE3 AJQEE 47 YEiH, 4
< S UERATE o714, oA #1119 FASA
}‘]'}_i (.’ZHVym)% E—}l\j‘q] ‘?‘IZ]}’]—E (I(My())i 3
Astd o3 Zo] Yehd ¢ Stk

{xlo =z +lhcb = x0+l15(01 'H/}s) +1.c8, (13)

Yo = Y1~ liesB = yo_l1c(91+7/’s) —li.sB

‘?‘] )'\‘IO“/H 11{;:\/(w10_$1)2+(y10_y1)2 o]
T, 4 (13)9) BlEe gew gol AvHn,
{9%10 = llcsﬁlﬁl -1 (5913¢s 769101#5)?2}5 +_¢o (14)
Yo = L B8 T (6915¢s +591C¢s)¢'s +
dAA A O Hed wAde £a298
Tohe WS olgdtel dAe LEYRAL 7
s @t} olo] wet theel
=R"(¢)n (15)
= R'())m, + R (v, (16)
Ao ai #1e] SAREe
m = —M'D R)IX + LX) 17
+]‘[11 (7'1 +B§151)
sh o] AT A7V, 0y = [y g By
X = ['ﬁp 1‘%7 wl] > X): {5%7 yo} , g
_ _ZI(:S¢1 _l1(5618¢s_celcws) 0
R(z/}l)= —l.c ll(cﬁlstJrsO]cl/JS) 0(,(18)
0 0 1
_[100]”
L= [010]
ojth. oA e thieg FEHYAREANE o T2

WRog Feid €
ek g, = [zzov Ya0s %]T eERE ATFuAF

SHAARZERX]| M263H M4z, 2022F 88 25



ol A HEX|M 2SH o HFat &

H¥(Earth Fixed Frame)ollAe] <4 #29] 91X

(2as 920) S AFZH (012 FB LTRHE

IO o
o3 go] T
My, +D,v, = 7, + By, 6, (19)
m, = Ry,

ANNE M, eR¥Pe BAYY, D, eRPP
< W@y golrt
a3 G #we] FAFARAE (2h yy) T,
zdel AAHE (24, y,) 2 W3] YERAE
- 23 o] Fazich
Tog =Ty +15,00y = x5 +1ys(0,—1b,) +1y.c8, (20)
=g+, (s0, 00, — clys1),) +1o.0B,

Yoo = Yo T 12802 = Yy +lQC(02 _1/’,9) +ly.55,
=y, 11, (09261/)S + 56, 31/15) +1,.50,

A #13} npRpA R, Aezta 292 AM
o] Y Al tZH(ﬂQZsz)?ﬂ‘E]'i A48k,

4 )9 MEe FaE thew gk

4%'20 :_ZQ(;S@BQ =1l (5925¢s +6026ws.)¢s +$0 (21
Y10 = Lo BBy — 1y (00231/)5 —s0,c1p, )ws +Y

oA BHE 2 (19% o3 Zo] 11ds] A
gate] vepbd 4 Aok

= R(y) X, + L X, (22)

9] Al A )(2 = {Bz’ ll/fsv 1./J2]T,
olx, Wy R(y,) = TS 23} 2t}
— o5, —12(30231/13 +ct9201118) 0

ZZ(:CQ/JQ —12 (CQQSws —562 CQ/}S) 0‘ (23)
0 0 1

R(&Q) =

I8 oo #AAZRE
= RT(Q/’Q) hz (24)

= R (y)my+ R ()7, (25)

26 SHAAHZOUYX| X263 M4, 2022 82

X = [iov ?.Jo] !

ZeHOA Aol 2t AT

dA #o] FFEARL T 2ol ZAMskd
FARdE xET F ok
;12 = _M;DQR(JJQ)[XQ +L0X(J] (26)
+ M, (1, + By,0,)
AgA o Fig 3] UEp AAA2H ] &5
_]

Q0
P e s dde] Jegde s
A

(17 2 A (26)°ﬂf‘1 Wy gus Hoy rhex
o] el @},

[ M 411 M gy5 M, 5]
~M'DR()) = | My Moy M, o 27)
M, 31 Mygzo M, 35

ju’?dl] %dm ]‘12(1137
%dﬂ AJQUQZ Al?d% (28)
,%dfﬂl %di%? Al?d33

- J‘IQIDQR(QZZ) =

JRozRE HANLH FFEHS BUA
o2 e Augaae 4 9)9 ol 7
At}

z= Az +Bu (29)
y= Cz
ola) AdMEE 7= [ 0’y anzTnzT] o]
T, AN = w =[] 7 7 5 6] ol
=3k 2} (29)9] iAo 7 AzE
o Ty o] eagdR FAHT
Al] A12A13
A= A21 A22 A23 (30)
AS] A32A33

A = 7M;11)3 03><3

CAL = A =0,
" L. OSXJ 12 1 [b%}

Alldll ldlZO

A[1d21 A[dQZ 0
Ajldil A[diZ 0

‘I:%Xd 03><3

03><3

s




[[o0 M5
004 455
2 00 455

13><3 03><3

0

33 9 A23 = [06><6]s

Mgy Mgy, 0
A, = M g9y My g5 0
M 451 Moys 0

03 x3

00 M4
00 M 405
55100 My
I

3 X3 03 X3

0,..
s, Az = [OGXGJ»

03><3

03><3

s

AM;l 05,05 0555 0359

03><3 03><3 03><3

03><1

03><1 03><1

B= 03><3 M7103x3 -A[1135103><1 5 (3D
05505 0355 O35 0351 0554
05505 0505 —M’{] 0

C= [I.)xg Osxg]

3. Ho{7] A

Fig. 4 A servosystem for tracking the given route

and keeping the target position

Z

P(s)

K(s)

Fig. 5 Schematics  for  designing a  robust

servosystem based on A, control framework

AABk= Aol
A Fig. 49 AREA=  ZFAAEA (robust
servosystem)E 7437 9% Fig. 59 MEEE
71¥ko 2 A A 3o}
AAAS AASL7] a4 = Fig. 55 B2 3lsl
oF 3t 1AL o 2o g BT

x A B B,

|:z1:| _ [C11:| |:Dm} [Dm}
% G, D,, D, (32)
y (O D, D,,

A (2)elA 4B AYS 2 prBte e
22k Aol gy,

Zo

B, = [018><3L B, = B,

C, = [011x18}7 Cy=-0C, CG=20,

Dy, = [011x9}7 Dy, = [‘%XQL (33)
Dy = [Ollxll]v Dy, = MX‘) 09x2}a

D, = [If)w]v Dy, = [09x11}

ol ZAJAAMRAE F43t= EA= 2 (32)°

= ool
K(s)& T3k Aolth

olw] 7., Fig. 5 BE 4 (32)°14 2 wol
M &Y 2 (i=12)74A9 AgPSolth 2 (34)

SYHAARMZUYX| H26H M4z, 2022'd 8 27



ol A HEX|M 2SH o HFat &

Table 1 Specification of model ships

Item Parameter Value
Length 20 m

Barge Ship Breath 1.0 m
Weight 21.5 kg

Length 0.75 m

Tug Boat Breath 03 m
Weight 0.45 kg
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