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Design of Robust Speed Controllers for Marine Diesel Engine
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Abstract: Energy saving is one of the most important factors for profits in marine transportation. In order
to reduce the specific fuel oil consumption, the ship's propulsion efficiency must be increased as much as
possible. The propulsion efficiency depends upon a combination of propulsion engine and propeller that has
better efficiency as lower rotational speed. As the engine has lower speed the variation of rotational torque
become larger because of the longer delay time in fuel oil injection process. In this study, robust control
theory is applied to the design of engine speed controllers which are sub-optimal /A, controller, .

=S}

loop-shaping controller and p-synthesis controller considering robust stability and robust performance. And
the validity of these three controllers is investigated through the results of computer simulation.
Key words: Specific fuel oil consumption, Sub-optimal /., control, A, loop-shaping, p-synthesis
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Figure 1: Block diagram of the engine system
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Table 1: Specification of the modeled engine

borexstroke 800%2592 [mm]
Prean 18.4 [kgi/cm’]
MCR" 15,880 [bhp] (83 rpm)

moment of inertia 27,130.27 [kgr ms’]
SFOC” 125 [g/bhp/h]

* MCR: Maximum continuous rating
SFOC: Specific fuel oil consumption

Table 2: Specific value of the modeled engine

parmterrpm 50 | 55 | 60 | 65 | 70
a 35.71|39.24 | 42.85 | 46.38 | 50.05
ay 79.90 | 96.59 | 11505 | 13490 | 156.83
sy 24.97 | 33.20 | 43.14 | 54.80 | 68.61
b, 73.62 | 80.59 | 87.97 | 95.25 | 102.86
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Figure 2: Block diagram of the engine with uncertain
parameters
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Figure 5: Closed-loop system structure
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Figure 10: Diagram of the engine system with
sub-optimal A, controller
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performance analysis with uncertainties

D-K ¥HEg
Q022 Hrh
Z 23t}

AR @ B AeirlE 4
A7 18T Eob AF Hhv)



N(s)

Fona )= D)

(20)

714, Ns)sh Dyt 2H2} ofelel A 7,

N(s) =88.79(s+100) (s +39.59) (s +19.24) (s +10.05)
(s+3.875)(s+1.212)(s +0.4819)(s +0.3844)
s+0.2452)(s+0.1868) (s +0.0617) (s +0.0172)

$+0.007464) (s> +0.8834s +0.1971)
2 +5.714s +8.215)

54692.5)(s +39.62)(s +19.19)(s +7.999)

(
(
(s?
D(s) = (
Ee+4004) s+3.224)(s+1.167)(s +0.5151)
(
(

(
5+0.4336) (s +0.3789) (s +0.246) (s +0.1967)
s+0.0639) (s +0.01732) (s +0.007464)
540.00125)(s? 4 7.88s +28.38)

ot

32 4l ®Moj7|el M= dHl
oAl 4 (16), (18), 20)2=2 Fo|A=
H A7 K, Hm—er:i_-*gfig A 0] 7]

-

hm?

}..

o

e

o o ofl
b (g ot
o)

ERER

=4

o

Gain [dB]
-

- Loop-shaping controller
- pcontroller

10°

Phase [deg]

10° 10" 10° 10' 10° 10°
Frequency [rad/s]

Figure 12: Frequency response of three controllers

ol o
oz

Figure 1225 E 7]#-109 920 12~25 rad/sol
Me p-d A7 FHH H AN H,
Z A7 Ae]7le] wls| Ajlel ¥ AN,
A vetEgE & F Aok

o
%
4
9144

o)
AN

119

Gain [dB]

., controller

=====: Loop-shaping controller ::
=*=="" p-controller ‘;
-150

10° 10" 10° ) ?

Frequency [rad/s]

T T T T TTTTT T T TTTTTTT T

R
ey

Phase [deg]

10°
Frequency [rad/s]

Figure 13:

systems

Frequency response

* H_, controller

- ===== Loop-shaping contraller -

w-controller

Performance index

05
10%

Frequency [rad/s]

Figure 14: Comparisons of nominal performance for
three controllers

Figure 1404 H FZ-44% Ao71e 35 &+
s A (127 F 1% AAA 1HG 2 F
o goe] UehA R, Z1#EAEG S Yoy
ol EAIZE HA gerh p-g Aotk =44
HARE A F04 doeld 34 452 o
=32 ¢+ 9ok

4 (13)e2rE FAAE P2 Solg ud
ARGE BE Fuhpol el 12T Fojo} gt

Figure 1594 3719 A|oj7] B5F Fx3} Holgte

}\01—6]_01 1XEth 27 HH-Y‘Oﬂ 7]-0 o}ﬂ/\-}% HXOP{S}
2 Tk mE Hu FRsF Eolzre o
SRk

2~ B
T Ez}

#dd A FE UehiEE -3 A

Saut Xy o] 3 ghsl ] A35H A6Z, 2011. 9 / 825



120 PR

< H_, controller :
- Loop-shaping controller H
controller

Upper bound of 1

0 : HEH L H HE Hil : H ik
107 10 10 10°
Frequency [rad/s]

Figure 15: Comparison of robust stability for three
controllers
U conwoler |
221

: Loop-shaping controller

= o p-controller

Robust performance index |1

10° 10 10 10’ 10

Frequency [rad/s]

Figure 16: Comparison of robust performance for
three controllers

218004 stetrEe] 4443 Ao 60%7HA

T# 32 Yt} Figure 1601]*1 - Ao et &
HA H AANE Fx23F Solgk pd detgkol

£o]

58-%1(60%) olHelB=Z 7Fel A
o H, FEZAY Aolrle UdF AFus
Al 7FQl e g A et gtk
q
o

o
=
Z A Fo5 9ol AR -4

o] GAHL 2
g ool
37kA Ao 7]
A7 =

826 / gxmtd x| yol s x| A35¢d Ae6s, 2011. 9

Degradation index

- H, contraller -
: Loop-shaping controller

*= : p-controller

0 0.2 04 0.6 08 1 12 14
Size of uncertainty

Figure 17: Performance degradation for three

controllers

wre) Aelr)s
FAsA At

Figure 18~208 2 (10)22 FolX = 4
S ezt 2zt shekgh, I, *J‘h%kzi vk

R A PR

3
=i
o
fru
Ho
2
of¥
1‘2
oz

b
oy
o
=
>
£

Magnitude

Time [s]
Transient responses to the disturbance

Magnitude:
o
\
\
|

Time [s]
Figure 18: Transient response of perturbed systems
with sub-optimal A_, controller



Aug TE OA 7))

|

Transient responses to the reference input

PR s A N
N s : !
E i L
= 0 B i S N
" i i i i
1] 10 20 30 40 50 60
Time [s]
Transient responses to the disturbance
T T T T
1——————' ----------- T ——
E f ;
S H
Z 0 l—f%fiJ
H
= H
= :
Y N (ST SO SO SO i
i i i i i
1] 10 20 30 40 50 60

Figure 19: Transient response of perturbed systems
with H_ loop-shaping controller

Transient responses to the reference input

PYRPYE S N Ll
. i i : ]
= : i s !
2o li———— - q
1 i I i ! !
0 10 20 30 40 50 60
Time [s]
Transient responses to the disturbance
T T !
1———%—*~ """""""" e e
s f s |
s H
= ST — .
=S 4 H
= H
= H
O N S SO SV SO 4
1 1 1 1 |
0 10 20 30 40 50 60

Time [s]

Figure 20: Transient response of perturbed systems
with p-synthesis controller

Figure 18~20°14 7]& £=A15°] W0y 9
ol gt 71e] Ao daE vias) By g
-2 Aozl FHEEEI FHA H AC7]%
H #2748 Aol719] SHEE By WmEn o
HHE B AUFEZL 2 debde & 5 Sl
.

4. &8 B
A7 i 3FF] e

- A% pu-FA A0 7)<
A47F 1 wgkel A, 1 k] Ao 7)€

Aol A 1 Hoke E9ith wed 3

&5 Ao}r] AA 121

A p-BA AN SEsn @

308l Aoy BE wEeh g

stich. =@ FHote) 4E

>

> o ooy A

Hofol ro
X

ox
b
Ny
N
nj
I
b1

‘g oXx o
tlo

oX of o

R

p-gA Aol 717

2 Y

< ° =

ol A, A A TolM Agsivks s

ol & QUAAT, Ao}y e 247}t Eol AAHF

of Agshr] dAside A St 88t
gz

[1] Lyngs6 Marine, “Electronic Governor System :
Type EGS900”, STL07.C.32, pp. 9-18.
Lyngso-Valmet Marine, “Electronic Governor
System EGS2000”, 960.200.311, pp. 18-19.
M.G., D.JN. Limbeer and R.Y.
the H, theory via

—
S}
—_—

Safonov,

w
—_

Chiang, “Simplifying

loop-shifting, matrix-pencil and descriptor
concepts”, Int.
2467-2488, 1989.

J.C. Doyle, K. Glover, Khargonekar, and B.A.

Francis, “State-space solutions to standard H_,

J. Control, vol. 50, no. 6, pp.

and H_ control problems”, IEEE Transaction

Automatic Control, vol. 34, 8,
831-847, 1989.
K. Glover and J. C. Doyle,

formulae for all

no. pp.
“State-space
stabilizing controllers that
satisfy an A -norm bound and relations to
risk sensitivity”, Systems & Control Letters,
vol. 11, pp. 167-172, 1988.

Da-Wei Gu, P. Hr. Petkov and M. M.
Konstantinov, Robust Control Design with
Matlab, Springer, pp. 13-97, 2005.

[7]1 R. Kondo, “How to Study Robust Control”, J.

of SICE, vol. 30, no. 8, pp. 737-738, 1991.

[8] H. Kimura, “Recent development of design

theory of control systems”, J. of SICE, vol.

St dix v sls]x] A|35H A6z, 2011. 9 / 827



122 et - olY -

31, no. 1, pp. 78-84, 1992.

[9] R. Kawatani, “Synthesis of robust control
systems using loop shaping method”, System,
Control and Information, vol. 36, no.12, pp.
776-783, 1992.

[10] Kwakernaak, H., “Robust Control and H_
-optimization-Tutorial Paper”, Automatica, vol.
29, no. 2, pp. 255-273, 1993.

[11] p-analysis and synthesis toolbox user's guide,
The Math Works Inc.

[12] Da-Wei  Gu, P.Hr. Petkov and M.M.
Konstantinov, Robust Control Design with
Matlab, Springer, pp. 13-97, 2005.

S BN - |

e (FIEE)

20054 Skl dchstm 7| ZA|ARES
°*b'(4-°* b, 20104 sh=si st
el fiztEEZYAZStm;
20054 - 2011 sl 7|2k n &
$4x MAN Diesel & Turbo &5

@
o
1z
Rl

Ol G EH(F=518)

190061 BHRSHUTHED 2T
°“:'(4—°“\H 2006 Eh=ofl 2 S
tistel o7t 2y ATt
2010 gh=oi=tn o7tERY
IHSEEAL ot =), SR
oF

SN R I SEEIN|

(]

OH
o]
=
>

r
+ X
rdo

d=H(&EM)

1991 Raatistm 7|a
e, 1993 RFACHstm ofstel
(SEHAAD, 199714 RATHSD o3
TR(SBrEbA, 19979~ 1 &
Brist MANEAE fnd

=

J_OH

OC 1ok mpy 1ok

J

0>| |'-{O e \-_I

HHA (EMW{E)

©

X

un

ok

H

S

00

=

ok
N
-]

1o
i)
19 of
qr e qor

8
o

828 / g=mtd x| yol a3 #] A35¢d A6s, 2011. 9



