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A Study on the Improvement of Control Characteristic and Performance

of the Marine Mechanical - Hydraulic Governor using Fuzzy Control Scheme
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Abstract

The propulsion marine diesel engine has been widely applied with a mechanical-hydraulic
governor to control the ship speed for long time. But it was recently very difficult for the
mechanical-hydraulic governor to control the speed of engine under the condition of low speed
and low load because of jiggling and hunting by rough fluctuation of rotating torque.

To solve these problems of control systems, the performance improvement of mechanical-
hydraulic governor is required.

In this paper, In order to analyze the speed stability of control systems, the influence of
parameters of the engine dead time, gain, damping ratio was discussed on the view of control
engineering. The performance improvement of a conventional mechanical hydraulic governor
is confirmed to be possible by fuzzy control scheme.
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Ni(s) : Preset speed (RPM)

Ng(s) : Ng(s) — Ng(s) (RPM)

Z(s) : Displacement of power piston(inch)

Pe(s) : Output power of engine(HP)

Ps(s) : Disturbance power(HP)

N(s) : Propeller speed (RPM)

Ng(s) : Speeder spindle speed (RPM)
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Fig. 2.1 Block Diagram of the Ship Propulsion
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Table 2.1
BHP 9671 7300 ! 5395 3840 2606 1663 1975
i e .
Paramete\ 110 100 90 80 70 60 50
Ke 29.26 29.26 29.26 | 29.26 29.26 29.26 29.26
K, 248.6 237.1 190.5 155.5 1234 94.3 68.8
Kr 0.004 0.005 0.006 0.008 0.010 0.015 0.020
Tr 6.3 7.2 7.3 8.7 10.1 11.9 14.5
K, 0.0006 0.0007 0.0008 0.0008 0.0009 0.0010 0.0013
o, 0.159 0.139 ) 0.137 : 0.115 0.099 0.084 0.069
L(s) 0.22 0.25 0.28 0.31 0.36 0.41 0.50
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Fig. 3.1 Block Diagram of the Fuzzy Control System

o] o]2]AJo] ¥olydt MATLAB - Simulink$} 23
A 7l R EHFES ol &3t YF2H
& 2¥ 23, (=10, 03=5.24, on=10.47
(rad/sec), WA o] 5=269] gto] FojAu] AjAdg
2 AR FA Y dger, O $HFHL Ax9
A& ER32 g ol & 7 E SEEHR g A
Ealo]ld & A3ttt HA Ao} o] ol AT
£ HRE 84e e B
DYEY ALY FF

&8 WE(E, CE, U9 dojgta 2159 &%
s}2=% 717} Fig. 3.2, Fig. 3.3, Fig.3.49 2t}.9]
guigeo] HA g e ry BRol s 47ty

- Mvmﬁzuh;ifunc!ioﬁ phote.

N 0 e PN

Fig. 3.2 Membership Function for Input Variable E

. Membership functids plae, ©

¥ Vadaoies
% e z0 P

4.1 4.1 : e TR
‘ [ZAERY s T
Fig. 3.3 Membership Function for Input Variable CE

FUNCW 0 [ ™ o [ ] s

Fig. 3.4 Membership Function for Output Variable U

(272)



2 Aoj7g el thE AR g FA2E7] M8 L AL BF AT 141

¥ AHgstich

2) Aot 4
2 Aol ade Zhzh 1370 1970 4970 Al
THE ALE8ld v st em old AL&-€ Al
o] 73 -& Table 3.1, Table 3.2, Table 3.3} 2
o 7t2 e 48 ¥ EErron), A28 dHds
CE(Change of Errorjo] ] ®<te] gt 23 g
o}

Table 3.1
o ElNB [NM | NS |zo [ Ps | pM | PB
NB | NB
NM | | NM
NS NS
Z0 | NB |NM | NS [ ZO | PS | PM | PB
Ps | | PS
T
PM PM i
‘PB i J IR PB |
i l | S R
Table 3.2
o E'NB (NM|Ns |[zo [ ps | PM | PB
NB I NB | NM
NM | NM |
NS NS | ZO PM |
o S
70 'NB |NM | NS | ZO | PS | PM | PB
" Ps | NM 7Z0o | PS '
T 2 .
LPM% 1 PM |
PB | _PM | PB I 1 1
Table 3.3
E | \ T I T ’ |
G\ ! NB ' NM NS ZO |PS | PM | PB

I
— -
NB | NB | NB | NB | NB A NM | NS ; 20

!
NMNBJNBJNB NM NS‘ZOJPS

o | . !
\

NS | NB | NB | NM | NS | ZO
1 I .

Z0 | NB | NM | NS !Z0 | PS | PM | PB

S % — .

PS |NM | NS ZO (PS PM | PB PB

'!PS ! PM | PB PB | PB

PM | NS | ZO

|

!
i .
!

|

. L
I PM | PB | PB X PB | PB

! !
PB 20 | PS

.

3) F8H ¢ v A Y

Zg2Y o 2 Mamdani Methodz} &2 &
Max - Min ¥4 & A3 Q 10 v H 23} ihgoz
© W4l g BA4 FAlol Hexd A
2 A He i o2 A FA Y (Centroid) &
AgstAch e nol & oy 7y (Middle Of
Maximum : MOM), 3 o =AY (Smallest Of
Maximum : SOM)#} H] w8} t}.

4. H5E AlEold 21 H uF

230N 7led At A o)A Ao dlstd
GUI(Graphic User Interface)& A g3l gojt
A Gzt AARF Mde £goz T2aY9
o]2] o] Hojt v =Y A &3 A (MATLAB -
Simulink)& AH&-3lq Al & o3& B3t

Fig. 4.1& 24844 71 AR SAZA 71&
gaule)({=1.0, 03=5.24, won=10.47, A o] &
=26)ol| 4] 2] AAIZte] 0.3(sec)Q! ol Fef A

0.0 . N — L
0 2 4 6 8 10
Time(sac)
Fig. 4.1 Step Responses
1.2 o
SoM
10} Centroid
o8|
é 06
O oat
02f
00 ; . . .
0 2 4 8 8 10

Time(sec)

Fig. 4.2 Step Responses to the Defuzzification
Methods

(273)



142 EMERMEeE, $20% F3%, 1996

L

I
o] 2 4 6 8 10

4 I

Time(sec)

Fig. 4.3 Step Responses to the Fuzzy Control
Rules

o] 7] (Traditional)3t 3 =] Ao} 7|} (FLC)& =
£ SUES] GAAGEH Folth

Fig. 42& 7]1& setngdA A d Alzte] 0.3
(sec) 72§ HIHA PP S thF v E 3
o1 Fig. 4.3& A48 Ao FH ol g g v mEA
& st

5. & =

g 71 A - K 2E7E 23 AR 2d
Bl3, 24719 3 sejelg gk golyiof o] &
71% BeulE 2 s WA 2y AEEHS 47
87 o EY A B2 Z(MATLAB - Simulink)el 4
ANEHolAE Pt HAAEEHE A2
A AL vz SHFEE AA i
ste] A4 E SHEAYE RA=gHEAl ofF
FEH 5L Ve o, v HR| 3} o] o
Afte 98 FAHES AEF A0 AU oy
2 HAFA2 YR, 225 AowH & AE
3l AlojF 2 o] BEFE Y F2 3 54
Bl e, Sl 714 F44 &7 % 5ol
AdEF &S A4t

* 7|
o] =R& 19953t E WY geA A

Aol =@ Rolm BRUSREPAND B
A 2 2 A =P,

(274)

1

2)

3)

4)

5)

6)

7

8)

9)

10)

1)

12)

13)

14)

15)

16)

17)

18)

ZAuEH

REMARNEE BREERAE, "Hi £
SEAER, 931294, pp. 222, 1984,

HANER, “EFr <7 2 s RE> 27 &
O BAMARNEE, H248 (BHG3EES)
Bl

WHER, #REs, "B » <+ T8, B ARMES
BIEE, 524%, %125, pp. 5 - 15, 1989.
Woodward Governor(Japan), LTD. Document N.
PMCC F -7, 1989.

Wodward Governor, LTD. “The Control of Prime
mover Speed”, 1981.

Benjamin C. Kuo, “Automatic Control Systems”,
Prentice - Hall Inc., 1991.

332, "HEHHTISR, dIASFd A= 2
BE pp. 146 - 151, 1983.

A, 54, e, “AuHHENTS HER
%", AF 7], pp. 228 - 239, 1990.

HEHRK, "7 72 4§, O MR, 1988.
AN, 294, "HA ol &t Ao", ¥ B2, 1995.
Ned Gulley, J. - S. Roger Jang, “Fuzzy Logic
TOOLBOX”, Math Works Inc.,

T8, B, AR R E VT S
C e RE KER W 77, XS
g gty =83, 1990.

5, B, Mol UM AR SR
BEMe] HELEN W HR, eA7 %y
2}, Vol. 24, No. 4, pp. 63 - 70, 1975.

Robert H. Bishop, “Modern Control Systems Anal-
ysis and Design Using MATLAB", Addison -
Wesley Publishing Company, pp. 103 - 113, 1993.
B & W Engineering Educational Dept. E2885
/PRN/FCJ/790321.

AAZF, WM B MEEE, 93E94A pp.
316, 1986. '

E. H. Mamdani, “Applications of fuzzy algo-
rithms for control of simple dynamic plant”,
Proc. IEE, Vol. 12, pp. 1585 - 1588, 1974.

I. G. Umbers and P. J. King, “An analysis of
human - decision making in cement kiln control
and the implication for automation”, Int. J.
Man - Machine studies, Vol. 12, No. 1, pp. 11—
23, 1980.



HA Aoj7 ¥l }E Hutg FYEE719 A B R A FARN R A7 143

19) R. E. King, “Fuzzy logic control of a cement kiln Applications of Adaptive and Multivariable Con-
precaleiner flash furnace”, IEEE Conferences on trol, Hull, U. K. 1982.

(275)



