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A Study on the Speed Stability of the Marine Diesel Engine

with a Mechanical-Hydraulic Governor
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Abstract

The propulsion marine diesel engine have been widely applied with a mechanical-

hydraulic governor for the speed control.

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. In order to reduce these difficulties the

digital governor system is often adapted for the speed control of the marine diesel engine
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In this paper, in order to analyze the speed stability of control system, the influence of
parameters of the engine dead time, gain, damping ratio was discussed on the view of
control engineering. The transfer function of propulsion system was converted to the Z-
transformation and the root loci of characteristic equation was investigated by the
computer calculation to evalute the influence of system parameters.

From the above work it was confirmed that the parameters such as dead time, system
gain and damping ratio have much affected to the speed stablilty of propulsion system
Especially, the system gain is most imposrtant factor in the parameters which determine
the system stability compared to other parameters. Engine dead time is also worse

affected at the system stability under the range of low load.

AB71E
a; : The area of power piston(in?)

a, . The transfer area of compensater(in?)

ag : The area of compensator plunger(in?)

C. - The flow flux of needle valve(in®/sec/in)
J : Moment of inertia(kg - m/sec?)

k, : Speeder spring scale(1b/in)

k, . Ball arm scale(1b/in)

ks : Reaction scale at pilot valve(lb/in)

k. : The flow flux at pilot valve(in®/sec/in)
ke : The force of ball head(1b/rpm)

k, . Buffer spring scale(lb/in)

ke : Steady state gain of engine(BMP/in)

k, : Governor gear ratio

ky : Incline of propeller’s law curve(@BHP/3RPM)
L : Engine dead time(sec)

N(S) : Propeller speed(RPM)
N¢(S) : Speeder spindle speed(RPM)
N:(S) : Preset speed(RPM)
P.(S) : Output power of engine(BHP)
P,(S) : Disturbance power(BHP)
T . : Sampling time (sec)
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T, : Intergral time of rotating system (sec)
T, : Time constant of rotating system (sec)
X : Deviation form the equilibrirm postion of pilot valve(in)
Y : Deviation form the equilibrium of buffer spring(in)
@, : Natural frequency of governor (rad/sec)
Z : Deviation form the equilibrium of the position of power piston (in)
ay : Speed droop
[ : Damping ratio of governor
P : Feedback ratio of power piston
7 : Z-transformation
A =
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Ps(5S)
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Fig. 2.1 Block Diagram of the Propulsion Control System
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Fig. 2.2 Schematic Diagram of PG Governor

keN: (S) +k, X =k, X +ks X +a P (2.1)
0517]‘1» ks=k,-k,tk;

keNe (S) =ks X + @ P (2.2)
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k,X=-05SZ (2.3)
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aP=k, Y (2.5)
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7

(1.2) Aol A
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Fig. 2.4 Block Diagram of an Engine
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Fig. 2.7 Block Diagram of Propulsion Control System
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Fig. 3.4 Block Diagram of Speed Control System with Z.0.H
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Fig. 3.4 Block Diagram of Speed Control System with Z0H
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- A (0 + @) (S+ao-jwn) +(q-@i) (S+a ot je)
Kaz {2¢ (S+a,) +2q .}
K az

{QI(S+ao)+qzmo} (3.8)

oehA (3.2)48 Aelsd

K,a
Ha(S+a,)+tqw,}
R, +=2-7 (3.9

(S+a,)2+wo? S+a,

— (1_7-1\ 7-d _al_
G(Z)=Q1-Zv) Z ﬂ[s

(3.9)AellA g Zu g

o

ok
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K;?a 2 {q(Z2-Ze~%T Cosw,T)}
7% +32¢ @ Cosw, T ¥ e 10T

G(Z)=(1-Z-) Z-[ ;zl n

K]oel:'z qz(Ze_aDT Sin (.JOT) ] a@Z ] (3' 10)
+ 72-07¢ AT Coswol +e @I = Z-g @T

A4 A Aol

L GuZCuZ'+CuZ-Cy
G(Z) =——Za(CaZ5-C 2+ CaZ-Cy) (3.11)
of 7] A
Cm:l

Ch=¢ 7T (2Cosw T +1)
C12 = e_aOT (ZCOS.&) OT + 1)
C13 — e—3aoT

Co=a,+H52tq,

- ) m (YT ka -0aT T.q -T Sin




BRMEA FERES

a,K, (as—ao_jwo)

B 2w, (aoj‘mo) { (ar‘ao)'j")o}

a,K, (a’a_ao'jmo)

2wo[wo (2ao-a;,) +{w+a, (@,ao}y]

a, K, (as-a-jw,) (@, 2as-a,)-{w.?+a,(a,~a,)}j]

26’0[{("0 (zao_a’r) }2+ { wolta, (a'r-ao) }2]

A7lA EAE A

azKo[mo (as-a,) (2au_ar)_mo{moz+ao (ar'ao}]

~a, Ko [wo? (2a,-

o} 7] A
R, :mo[{f"o (zao'ar) }2+{Woz+ao(ar'ao)2}]

a,) + (as-a;) {wa, (a,-a0) }]j

w, (as-a,) (2a,- ) ~@o{ we? +ao(a,a,)}

w2 (2ao-a,) + (as-a,) {wl+a,(a,~a,)}

=

=

2 54

@y = azko:(zg;e %J)

aS:

lim a, K (s+as) =l a, K, (a;-a,)

S—-a, S{ (S+ao)2+w02} = _ar{(ao_ar)z'*'@oz}

K.a,(a,~as)

a{(ao-a,)?+w?}

@&, (S+ao'jwo) + & (s+a’o+jwo)

Koar2

{{gi + @) (St a,-jw,) + (@-¢.j) (S+a otja}

K‘“ Koy (o4 (S+a o) +2g00)

=—K;ej’ (g

weha] (3.2)4

(Stao) +qw,)

< At

G(Z2)=(-Z") Z-*n -G+

Kaf2

{@(S+a,)+qw,}

[£4]

(S+a,,) +w,o?
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aZ K;ea 2L (Z%-Ze%T Cosw o T)}
G(Z) = (1_2_1)) Z—d[ Zl-]. + Zz_:_ZZe-aoT COS'G)OT-f-e_Za"T

K}‘)Qaz qz(Ze—aoT Sinw,T) aZ ] (3.10)

+ & ——+ =
Z2-27e % T Cosw,T +e 2T Z-¢~XoT

A4 oA Aeiekw

- CooZ3-Cy 22+ G Z-Cog
G(Z) - Zd(cxoza_clllzz+ CIZZ_CIS) (3 11)
o} 7] A
Clozl

Cu = e_a"T (ZCOSU oT +1)
C12 = e—aOT (ZCOS‘W oT + 1)
C13 — e—3aoT

Co=a+ Ko;zgl +a,
0
Cu=a,(2e %T Cos:.;oT+e—“°T)+%5a—2{qxe_“°T ‘Cosw T -qe ¥ Sinw,
T+q (1+e %7)}+a,(2¢ ¥T Cosw,T +1)
Cor=a (2227 Cosw , T+ ¢ 2%T) +£1°—:—’{qle*“07 Cosw,T (1+¢ %°T)-¢,
0

e T Sinw,T (1+ e T }+a5 (e 2%T Cosw,T)

Gy = aye—3T + Kloeaz (que-2@0T Cosw, T -ge~24°T Sine, T) + e 207
0

e Axe AF= A2E4 (Open Loop Transfer Function) & T3}4

_ KA(GCZ-Cy 27 CuZ-G)
GH (Z) N Zd(cmza_cuzz_}_ szz“cm) (3 12)

_ CooZ3-Cy 2%+ Coa Z-C (3.13)
- Zd(cloZS_C1122+ szz_Cw) +K_,(CZOZ3—C2122+ QZZ'Cza) )

_ K7
1- e-a,’r Z-Y - Z_eT—I,-T
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ul
lo
fu

__AN(SS) . G&Z
Fo(2) =3P (S ="13CH (2

Z"(C,OZS—C”ZZ-FC;ZZ-CB) G’R(Z)
Z9(C0Z23-C 2%+ Cr Z-Cs) + K (CoZ?-Co 22+ Cpo Z2-Cs)

(3.14)

(.13) A7 Q. 14)AHelA ok & gle uke} 7ol Yol oo A$y FA4F 4

A
W e
WA A9 SALAAE oldhst 2ol BF FUsa,

oX,

2]

F(Z) =Z4(CoZ?-CuZ*+ CioZ-Cia) + K (G Z3-Cu 27+ CZ-Cs)  (3.15)

4. S HOjAISSl oEy 24

4.1 ZHE MY U HFHA

>

Ad AxadolA kA 25 EAES 25 EAuAA (Characteristic Equation) ol
o3t AR, EA4UAAY 2L AFZ AL TS5 Fo] Ho 7 oo AAH
o] seivle o WH5ol we} EAubgAle]l 2 HA (Root Locus) S 2435l A2 2

2 T
Mg A gk,

4.1,1 A AR
TYPE:MAN-B&W 6L60MCE
NO of CYLINDER : 6
STROKE X BORE : 1944mm X 600mm
M.C.R: 10,800BHP 111RPM
MEAN EFFECTIVE PRESSURE: 13.3kg/cm?
TOTAL MOMENT of INERTIA : 5,816kg-m-sec?
F.O CONSUMPTION RATE: 123g/BHP.Hr

4.1.2 zze} Ao
DIA of PROPELLER : 6,150mm

MATERIAL: Ni-AL-BRONZE

Wﬁ

-
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nl
lo
it

__AN(S) _  G(2)
Fo(Z) =3P (S =13CH (2D

Zd(clozs‘cuzz‘*'clzz'cla) GR (Z)
Z(CoZ%-CZP+ Gy Z-Ci3) + K (Co Z3-Cy 22+ Cu Z-Cos)

(3.14)

G134 B.14) Al & 4 gle uleh o] o] ojzte] A4} A4 A

A9 A SABEAE otalsh ol m5 S,

F(Z) :Zd(cloza_cllzz+chZ_C13) +K1(Q023_C2122+C222‘C23) (3. 15)

4, ST FMO{AIE QHEA

—_—o o

/L-l

AT

Ay AAa”AM A HEEAHFL BF EA449AA (Characteristic Equation) o]
gt AR, EAAUAHA Ao Jo] Hog orjoEs AlAY
o Helule o WEo] utel A9 2 #AH Root Locus) & 4 sl A S 2

= T3 cE
Astazt get,

Lo
rH
o
K
—Hu
[t
23

4.1.1 WA ALk
TYPE:MAN-B&W 6L60MCE

NO of CYLINDER: 6

STROKE X BORE : 1944mm X 600mm

M.CR: 10,800BHP 111RPM

MEAN EFFECTIVE PRESSURE : 13.3kg/cm?
TOTAL MOMENT of INERTIA : 5,816kg-m-sec?
F.O CONSUMPTION RATE: 123g/BHP.Hr

4.1.2 Zaae} A
DIA of PROPELLER: 6,150mm

MATERIAL : Ni-AL-BRONZE
MOMENT of INTERTIA : 3,975kg-m-sec?
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4.1.3 A5AA

BHP 9671 | 7300 | 5395 | 3840 | 2606 | 1663 | 1975
CONSTANT RPM 110 100 9% 80 70 60 50
K. (3600/u) 29.26 | 29.26 | 29.26 | 20.26 | 29.26 | 29.26 | 29.26
K [aBHP] 248.6 | 237.1 | 190.5 | 155.5 | 123.4 | 94.3 | 68.8

L orpm
K, (1/K.) 0.004 | 0.005 | 0,006 | 0.008 | 0,00 | 0.015 | 0.020

1 6.3 7.2 7.3 8.7 | 1001 | 1.9 | 145
T,L75 30 RPMJ

K.

K (K./T>) 0.0006 | 0.0007 | 0.0008 | 0.0008 | 0.0009 | 0.0010 | 0.0013
a,(1/T>) 0.159 | 0.139 | 0.137 | 0.115 | 0.009 | 0.084 | 0.069
L(Dead Time) 022 | 025 | 028 | 031 | 036 | 041 | 0.5

A7) Datar SAA-EAA] ZHE A wdat 44T A, &, ue 1g9 87 4
AR Folrte dadae WA

4,2 ddlxle] X|dAjZH(Dead Time)oll 2|3t A3t

2479 A0 w,=10, £=0,9914 AAA e HAAA A4 AEsHI,
1) 110RPM<3 %
28 4-1AciA 2El oA AL 0-0,6secHiolA 0, 2secHHE F7HAIA
uokt}, o] dadoAE 2E HE o] gt del Solsht A4l I x|
2 U+
2) 90RPM®i Y
23 4-1BellA] 2w o] QAo E ZE jEZo| dFGA Folrht AHALL
919 110RPMaA oA Hc}h 23 o vhwkx]s o,
3) 70RPM 4
23 4-1Coll A 2 o] o E 2E dE o] ARG Eoietr T 4 3l
o} 2 AA 7 0, 6secoll & A Bk Gl s,
4) 50RPM 4
22 4-1DelA] 2 o] ddolAE AAAIZE 0,2secoll A EbA Fdoll Foiaih
ol Aol A] B wie} 7ol Ao AAAZ} FEFE FYstd £A}E 2¥ 4-1Ed =
Ag AAY 7)Y At A5z F
it dFe olHE AL 4 4 Y3 B2Y AL Z4E Aade A4l 216}54“

A% Askeh,
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RPY

GALN

R BERS VLY BMA CABRY EEREle 38 R 19

A : DFAD TIME 0.0 SEC
B : DEAD'TINE 0.2 SEC
C : DEAD TIME 0.4 SEC
D : DEAD TIME 0.8 SEC

RPN : 90

wo 10
¢ - 08

GAIN = 5.2

A : DEAD TIME 8.0 SEC
8 : DEAD TINE 0.2 SEC
C : DEAD TIME 0.4 SEC
D : DEAD TIME 0.5 SEC

-1

Fig. 4-1A

Fig. 4-1B
RPN 70 A : DEAD TIME 0.0 SEC s A : DEAD TINE 0.0 SEC
T 8 : DEAD TINE 0.2 SEC 10 B : DEAD TIME 0.2 SEC
¢ 0.9 C : DEAD TINE 0.4 SEC 0.9 C : DEAD TINE 0.4 SEC
GAIN : 5.2¢ 0 : DEAD TIME 0.5 SEC 5.2¢ )
! 1

T
A

L/

: i

-1 -1
Fig. 4-1C Fig. 4-1D
A : 110 RPY
8 : 90 RPN
C: 70 @pN
D : 50 RPN
Q1|

02 /\C
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RPN 110 A : DEAD TIME 0.0 SEC RPN 90 A : DEAD TINE 0.0 SEC
w10 B : OFAD-TIME 0.2 SEC wa 10 8 : OEAD TINE 0.2 SEC
¢ o0 € : DEAD TIME 0.4 SEC ¢ .08 C : DEAD TIME 0.4 SEC
GAIN : 5.24 0 : OEAD TIME 0.8 SEC GAIN = 5.24 0 : DEAD TIME 0.8 SEC

NP2

-1
Fig. 4-1A Fig. 4-1B
ey ;70 A : DEAD TINE 0.0 SEC M ;SO A : DEAD TINE 0.0 SEC
w10 8 : DEAD TIME. 0.2 SEC wa : 10 B : DEAD TINE 0.2 SEC
¢ 0.9 C : DEAD TINE 0.4 SEC ¢ ;09 C : DEAD TIME 0.4 SEC
GAIN : 5.4 0 : DEAD TINE 0.5 SEC GAIN : 5.24 )

A

-1 -1
Fig. 4-1C Fig. 4-1D
A @ 110 RPM
8 : 90 RPN
C: 70 8PN
D : 350 RPM

k¢

020

010

000
0.20

Fig. 4-1E
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4,3 HAo| & (Gain)oll o3t H&

o

Axe} Aaae %, Fol2 RPMolAel AL w,=10, £=0.9, K,=5.242 ¥
Kool &¢ F9AA 438 43sas,
1) RPM1102] <4<
27 428004 2 o el Kogkel 49 ol ol ¥k olel Foiz
.
2) RPM902] o3
2% 4-2BolA 7)o AddelAt K,gto) 3w ol el okl el Folzt
=,
3) RPM708} %3
2% 42 27 o] JedelAE Kogte) 2 el 4ol e Bk golol Foin
%,
4) RPM50¢] 3¢
2% 4-2Del A 2w o] FelolHE Foln AR Fel Faby Fdol Soizkeh,
o\ ol Mst zol Axge Aol ol fF FFE FUsel BAsE 27 4-2B

Ehit wio} o] AlQlghe] AR Alxado] Eobs He &gkt

ol

4,4 Zt4| A% (Damping Ratio) off 28t &t

AR HAAEel Foid RPMolMe AAAZLH ,=1020 AejolA ZAE 4
et

1) RPM70, 90, 1109 %4
23 4-3A, 3B, 3ColA Ew o] JAclMe ZE HEZo] AAHPH FEn
lom aAGke T Alade e FA Sk JUth

2) RPM50¢] %34
13 4-3Doj|A] B o] ddel A& Fojxl RPMe| A 7}e] o) 2E cfEZo]
2aby dodol Sojrhd Feol FRFF A dH DAl Tl U
o Aol Aop zFo] ALl T FFE T FAIE ¥ 4-3Ed e
uhe} o] AL ghol AR AaWe] tAH HE gkt

_?L

of Ao A28e FAHGYT, A2d ol
AA4E B QAN Axdel AIRSE Z9Be] EARHNE Fraols g
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RPM 1
DEAD TIME : 0.22 SEC
w o 10

Kol 2%

I

Fig. 4-2A
1] 1M
DEAD TIME : 0.34 SEC
v n 10

hodd %

)
»

Fig. 4-2C
At 110 RPM
B : 90 RPN
C: 70 RPM
9: 50 REN
J—

030

0.20

0.10

gPN B
DEAD TIME : 0.26 SEC
i 10

@ n

kol 2%

\Ko x 3
/

B
-1 /]

-1

Fig. 4-2B
RPM : 50
DEAD TIME : 0.5 SEC
@ a ;10
Kolt 2%
1

gl
\;o x 1

Fig. 4-2D

Fig. 4-2E
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RPY :
DEAD TIME :
GAIN

= ammoaw
B R Tala
Pe cococvo
O Lm e —

RPH
GAIN

—~EOMMS 0w
e tatalatalatadsl

DEAD TINE :

110
0.22 SEC

5.24
0.1 -10.9

+ 0.9820
: 0.9626
: 0.9430
: 0.9230
+ 0.9029
: 0.8948
: 0.8830
+ 0.8887
: 0.8859

0
0.34 SEC

0.1-0.9

;' 0.9888
+ 0.9824
: 0.9802
: 0.9791
: 0.978%
: 0.9780

3 0.974
+ 0.9764
1 0.97%0

RPY
GAIN

—~TxOammoow>

RPN

GAIN

Fig. 4-3C
A 50 2PN
B 70 RPN
€ : 90 RPM
D : 110 8PN
030 |

020

010

RO MM O O™
R L T,

LA T R e e T o

popepessas.
0O~ tR SN e

DEAD TIME ;

eocccooocon
© 0O r

HE
DEAD TIME : 0.26 SEC

5.4
8.1-10.9

+ 0.9834
: 0.9648
+ 0.9447
: 0.9333
: 0.9247
+ 0.9343
: 0.98329
: 0.9308
: 0.9298

S0

0.50 SEC
5.4
0.1-10.9

: 1.0097
: 1.0099
: 1.0100
: 1.0102
: 1.0103
+ 1.010
: 1.0102
+ 1.0098
: 1.90088

Fig. 4-3B

Fig. 4-3D

Fig. 4-3E
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