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The Speed Control of a Marine Diesel Engine
with Electro -~ Hydraulic Governor by using
W Transformation Method

C. N. Kang* - J. G.Park**

Key words : W Transform method (W ¥ $4)
A7) - 5424 24 7] (Electro — hydraulic governor)
A1 ZE2] A (Dead time)

Abstract

The propulsion marine diesel engine have been widely applied with a mechanical - hydraulic
governor to control the ship speed for long time. But it was recently very difficult for the mechani-
cal — hydraulic governor to control the speed of engine under the condition of low speed and low
load because of jiggling by rough fluctuation of rotating torque and hunting by dead time of Desiel
engnie The performance improvement of mechanical - hydraulic governor is required to solve
these problems of control system.The electro — hydraulic governor using PID algorithm is provided
to compensate the faults of mechanical ~ hydraulic governor.

In this paper, in order to analyze the ship speed control system , the transfer function was con-
verted from the z tansformation to w transformation.

The influence of dead time changing by engine speed which induces hunting phenomena was
investigated by Nichols chart of w plane. As a method of performance improvement of mechanical
hydraulic governor, a Eletro — hydraulic governor shows that fine control results can be obtained
through optimal parameter tuning of PID
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KX=-aisZ 2.2)
oju], RAV & B2 3 a4
-a,8Z+a,;8X=CP+a,SY (2.3)
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$2+28w,s+ w2 (2.5)
2 JERGA "t
71E2dH
a, : The area of power piston(in®)
a, : The area of compensator plun ger(in’)
a, : The area of buffer piston(in®)
C, : The flow flux of needle valve (in*/sec/in)
K, : Speeder spring scale(lb/in)
K, : Ball arm scale (1b/in)
K, : Reaction scale at pilot valve(lb/in)
Ka : The flow flux at pilot valve (in*/sec/in)
K; K, -K,+ K
K, : The force of ball head(lb/rpm)
K, : Buffer spring scale(lb/in)

: NR(s) - NG(s)
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Ng(s)  : Preset speed(RPM)

Ng(s)  : Speeder spindle speed(RPM)

P : Deviation of pressure (psi)

X : Displacement from the equilibrium
position of pilot valve(in)

Y : Displacement from the equilibrium
position of buffer piston(in)

y/ : Displacement of power piston(in)

p : Feedback ratio of power piston

¢ : Damping ratio of governor

w, : Natural angular frequency of gover
nor(rad/sec)

(KC,+a KK,
4= a2K;+aikK,
= aiK K
*a,(a’K+a2K;)
C4K7

= a?

ad":—l?; p

Bi=a+ o0y

Br=cty 00y
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Pg(s) : 713#2] £3(BHP)
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dJ : Inertia moment of rotating system
(Kg - m /sec?)
aPs _ o
K, =7N—t dofHelx Z2d Y2 7] &7

@79 PRe A% Fra Ees A
LR
Z
Pu(s) - Ps)=( 75 60) s+ K, )N(s) (2.8)
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Fig.2.2 Block diagram of speed control

system with mechanical hydraulic governor
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Table 2.1 The Parameters of rotating system under load variation

BHP 9671 | 7300 i 5395 3840 2606 1663 975
™~ RrPM . | A o ' ; '
Parame\{% 110 100 l 90 80 70 ‘ 60 ! 50

Ke 2926 | 2026 | 29.26 29.26 2926 29.26 29 26
K, . 248.67 - 237.1 ? 190.5 155.5 | 123.4 94.3 768278
Kr 70.004 | 0.0057 0.006 o 770.(7)765;777 B ;)()10 0015 0.020
Tr ‘ 63 ' 7 7.2 ; » 73 o 8.7 | 10.1 - 119 - 145 '

7K’I‘” 0.0006 0.0007 o 7)7.(7)7076877777”777770.(7)7003 - (5.00097 o 0.0010 0.0013
 + | owse  om®  omw  ous | 0099 0084 0009

Lisec) 022 . o025 028 03l | 036 041 | 050

7] TALOF A{(2.16)9F 4 (2.18)¢] A(3.1D& tHdshd w W
TYPE : MAN - B&W 6L60MCE ~ ®°] o] Fofzltt.
No of cylinder 16 TR SHEA S GolrRr] A3l HeEdx
Stroke+Bore : 1944 mm *600 mm (Bode diagram),\}°o] 7] A E A T (Nyquist dia-
M.CR : 10,800 BHP at 111 RPM gram), Y Z 24 % (Nichols diagram)%& o} &g
Mean Effective Pressure : 13.3 Kg/cm? T oy, g YIAaXEE 3 EAe 9
Total Moment of Inertia : 5,816 Kg — m - sec2 LM E(Overshoot) & & F v HAFTANE
F.O Consumption Rate : 123 g/BHP.Hr (Mp), Al 2=dle] etF g A =& e & ol 5H9 7
Z 2 ALk o} Yded fFEk ob gt Mp=0.7072] A7t
Dia. of Propeller . 6150 mm WA ol A 2 —?ﬁ}-’?ﬁétﬂggi%}'}ﬁ?\l{j 7‘37_3
’ ol om B AFelMe UE2 =S B85
Material : Ni— AL~ Bronze w2 s,
Moment of Inertia 1 3,975 Kg — m - sec?

& Al &d A3 Ao ¢ 7 #e] gt e
Table 2.1 } o} e
d71A setvlel K, K, K,, T,, Kp, o, & A%
Az g dojA 7| #e] AZtA A (Dead time) L
£ 15/N<L< 15/N+60/Nn"® 2 A 2+3} 5 o}
ANAN N : e Has
n : 1846 2} o AdE S

3.2 wHHoM 2] a4

2 WBT AGYFE FHE FAHE SHE T
g & giod wuEs §Y FreRe A%
+ 9l

Z=1+(T/2)w 3.1

1-(T72yw

T= sampling time(sec)

WA 42158 w WBF F 3184 Foi2
sebolel e dedste el X YRRHEg

10 3db
8F
6L
g4
g 2f B
g o
-S 21 .5
& 4
Lt
Bt
8 -180 80

Open-Loop Phase (deg)
Fig.3.1 The Nichols chart under the variation of
dead time at a mechanical -~hydraulie
governor
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Table 3.1 Results of Nichols chart under the variation of dead time
Dead time Mp Hejza A Bandwidth ‘ Gain margin Phase margin Remarks

(sec) e E (rad/ sec) o] 54 (dB) A 3o #(Degree)

00 0.9772 32 Inf. 74.5086 stable
03 21727 : 5.0 5.0517 30.6147 stable
0.5 56 3001 ‘ 4.1 0.1975 1.5763 stable limit
0.9 2 5908 ! 3.05 -4.9299 ~53.5641 unstable

12 19019 2.60 -7.3064 - 89.3453 unstable

o™ 4 3la, {=1.8, 0,=5.24, ©,=10.47(rad/sec),

A A 0] 5 =26, L=0.5(sec)2| gto] FolAu], A] 2

We g aAel Fepl, o) SgEMe 12 e e

2z 4 2% S
AZe AR ATE 242 0.0% 0.3%, 0.5%,
0.9%, 1.222 WAsd URAMEE 12w
Fig.3.13} 23, A 323, g E, o] 5o &, 9
Jod f-5& Table 3.1 o] Aalslg ).
A Aol F0ME 5 HAE, o] 53 943o
3t Ak o] 0.5% 8 ol 5
o] BT JHo g Soj & o 3l

=
o

L

Ps(z)

N-(z @ o

L

Fig. 4.1 Block diagram of ship speed control sys-
tem with electro - hydrauluc governor

PID N-(Z) Engine & (Pe(z) + 7~ [Rotating | N(s)
Controtler Govemor System
‘.‘ Mo

°1~‘& HBAKI o] AL ERHEZ A 3 glon] Aot utet s 2HG o =M
Aol AXA ez FAdT 247190 AL ) A2 FEF AEANL ZEE & 4= Ut}
= FLER] Aole A AelM e Bt Fig.4.12 PID#M |71 & 7kx A7) - 444 =
%2 A9 Hunting@ 3ol S4Y F UEE DF 2717} A28 SEAol A 2dle] 224500},
Art. PID Ao} 7] o] Mea4: M(z): .
4 PID 07| MA| M(z)=KP+—1—L{JTI+KD(1—z’1)
-2
2 _
PIDA 7] & 2% 715% 3702 shetue)g 3 Kz z(lede (4.1)
. Gz)
F&) =170H
(4.2)
Ca023 — €122+ CypZ — Cog
(cloz3~c11z2+clzz Cia) K023 — 05122+ Cpo2 — €y )
s} g},
29, PIDA)71 8 740 A7) - 44 247171 B89 £A0] AJ2de] HgAz Aggss
2](4.3)7} 2},

Quy(2)=M(z) +F(z)

2N EE, ANHA SEA A 28] HeEsS 3
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Q(z)=———Qo" @
1+Q,,(2)
(K.2" ~ Kz + K )Con
- 2(z - 1)(ZJCIOO+K;‘CZO())+(KHZZ - Kz +K e a4
_ o2’ ~ Cypiz ez’ — 2’ Fepz — oy
2%, 2 gz e’ ezt o) Hle 2’ — ezt e — cuZi ez —Co)
olxm 71A - ftel 2E717F AAE SxAo A 0.3%,05%,09%, 1.2%2 2% st At
2"l Agdre A dEE FUE Ao EAS ReAER
z g o 43& Fobod A 71A {5 2%
A7)l A Aol e Bobg e Alaw s, A744 247
M= PID stejulg] & A AshA 23 a9 <A

=K.+ K,+K, .
Ro=Ept Kt g ops Fed £ AL 4 ATk

By <Kpt2Ky Fig. 4.28 Az Ao} S 7 %-9] PID Ao} 7]
K=o g ¥ Hute] SEAlo] AzuolA Heiule gol
cro=K,cs

Table 4.19} %] Foj o] Y22 Solt},
Feo) AAGEY ANAYAH BT F

o) A"l PID shebolel & 2443 24504 o

He ez 8 % 5 2dvh Table 4.2 = PID 5

ey =K,cy1 HKicy
Cpo =K L+ Koy T K0
Cos =K Coy + KyCpp + Ko
Chpa=KCoy+ K9

Cys =K 10
Ca0™Cro ar \ 1
Ca=cCptey 8%
Cap=Cp ey g 4r
Caa=Cr2HCyy § 2_

a o
Cua™Cy3 é ol
Coo=Cpot Koo gL 4l
¢ =cy,tKleytey) &t )
€™ Cpy T KfCy Feoy) 85 0_'9
Coy=Cp3t Kfcoy ) 185 L 180 <0

Open-.oop Phase (deg)
Fig. 4.2 The Nichols chart under the variation of
Ce5=Cos dead time using w transformation at an
0100201023 —e 2t ez —Cyg electro — hydraulic governor.

Cea=Cpyq +K,c.23

Ca00=Ca02” — o2+ oz — O
Table 4.1 Adjusted PID Parameters

ot} “--..__ Parameter ‘

Dead time ~—__ ke | K Ko

e S S - - —
4.2 Ng2olM HI} % nF 00 sec o1 13 | s

L SN B B
0.3 sec .01 06 0.35
oA 7lga A7) a5t 2E0E 7h v 0.5 sec 0.1 0.45 0.35
&% Ao} Al aglo] didte PID Ao} 7] & & A4 0.9 sec o007 025 . 02
&5 Ao} AlAglo] thEte] AJkA Aol ZHz} 0%, 1.2 sec . 003 | o019 01
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Table 4.2 Results of Nichols chart under PID parameter adjustment
. Bandwidth } Gain margin Phase margin
Dead time(sec) Mp (rad/ sec) | (dB) (Degree) Remarks
0.0 0.9996 3.1 Inf. 85.0024 stable
0.3 0.9992 2.8 i 9.2835 69.2417 stable
_ — e
0.5 0.9993 3.3 7.6515 ! 64.8891 stable
0.9 0.9996 0.38 7.8754 65.7399 stable
1.2 1 i 1.45 7.7581 65.1224 stable
Pule 2 ¥ USAMEZRE 7@ Aojgk  @# Rolth A Ae] F5% vlug a9
Eolt}. Fig.4.3, Fig.4.4, Fig.4.5, Fig.4.6, Fig.4.7 ASd Be g EA 29 S 3 L 5
& 7tz Al7kR g o] Osec, 0.3sec, 0.6sec, 0.9sec, lc}
1.2secql 7252 W24 A28 3 PIDAo|7] & a2y e AR A E AR e v1Ee] &
v HEA oA A o] Ad S FHEL ¥ Sy HdYUgese 73 AAA AFEeR 24
11 — 5 . 16 —r
n PID 1.4t
uncompensated ’ 2"
08 : uncompensated

Qutput(p.u)
o o (=] Q
o o ~ o

S
IS

2 4 [ 8
Time(sec)

Fig.4.3 Unit step responses of PID system and
uncompensated system in the case of dead
time=0.0 sec

0.3
0 10

1.5+ uncompefisatad A /\ b
3
e
=
e
3
O 05
0
-0.5 - ——
0 2 4 6 8 10
Time(sec)

Fig.4.5 Unit step responses of PID system and
uncompensated system in the case of dead
time=0.5 sec

Output{(p.u)
o
o o

o
o

2 4 6 8
Time(sec)

10

Fig.4.4 Unit step responses of PID system and
uncompensated system in the case of dead
time=0.3 sec

10 —
8l
6
5 4r ncompensate
g 2t
3
5 0
o]
2F
-4}
_6 b
-8F
-10 —— -
0 2 4 6 10
Time(sec)

Fig.4.6 Unit step responses of PID system and
uncompensated system in the case of dead
time =0.9 sec
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ncompensated

PID

4

Qutput(pu)

2 4 5 8 10
Time(sec)

Fig.4.7 Unit step responses of PID system and

uncompensated system in the case of dead

time=1.2 sec
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b A Aol BE AT LA A
stal 227)E AZA Aol 0.5%8 Zohetd Bt
Qe ool 91, wep FUR 2E7|E A%
o N Rt A @l WA e
A7) $944 2571604 E PID shefuie g A4
o 2 LU HYA T A

= D) SEEATH SRS E ST EAE, e K
Z2&7)ME 018 BT F e ‘)r A7) feA AT SR ) 312 AL, pp.222,1984.
27004 PIDsetu| 612 A 8] 2gakwl Al 20 WHEHE, Wy < 857 4 5y A7 A
el e oet S A T U A Ut OBEE" 0 AN R e 248, IBM63E RS S
o] A% VAR 4R Ao ¥ FE(Over- L.
shoot), el 23872 Zel= AlZHTime to 30 AR L), ST, T S o B O AR B
peak) 4 -’3 Al ZHRise time), & & A] 7HSettling W€ 2448, 5124, pp 5 - 15,1989,
time), bl © %H(Percent steady - state 4) Woodward Governor (Japan),Litd.Document N.
PMCC F - 7,1989.
error) & Tab]e 4.3 Akt 5) Woodward Governor,Ltd. “The Speed Control of
Prime Mover ",1981.
5. & = 6) Katsuhiko Ogata, " Discrete - Time Control Sys-
tems”, Prentice - Hall Inc.,1987.
Table 4.3 Comparison of simulation results
Dead time | Overshoot { Time to peak ‘ Rise time | Settling time Percent
(sec) System (“0) \ (sec) (sec) (sec) steady - state
i error(%)
i 0.0 uncompensated 2.5798 {3 70 6285 1.6 0.00207
PID ‘ 0 o ”1.6 0.6519 1.2 0.3745"’ |
- 0.3 ‘ uﬁcompensated d 48.9087 7 \7 1.2 0.3581 4.6 0.0049 »
‘ PID OV ) 2.0 0.832717” i 18 ~1.0479
a 0.5 : uncomensateﬂ 98.8612 ‘ 1.6 0.3660 | Iﬁf. 83.8360.
B PID o 0 l 3 ] B 70.772677 V 2.6 ’ 0.1994 ”
0.9 uncompensated - Inf. 1 Inf. Inf. Inf. Inf.
‘.” PID ' ‘ 0 ; a 5 . 1.;2;(; o 45 0.4937
12 I uncompensatedﬁ I Irlf. Inf. ' Inf ) Inf. In%.
PID ‘ })” ) 7 77 i.;)'838 ) 5.8 0.1795 '
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