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Performance Improvement of a Mechanical Hydraulic Governor
for Marine Diesel Engines

J.G. Park - B.J]. Han - ].Y. Chung - K.S. Yu - HB. Kim

Abstract

The propulsion marine diesel engine have been widely applied with a mechanical-hydraulic governor to
control the ship speed for long time. Recently, it was very difficult for the mechanical-hydraulic governor
to control the speed of engine under the condition of long stroke, low speed and a few cylinder because of
jiggling and hunting. In order to remove these difficulties the digital governor system is adapted for the
speed control of a low speed marine diesel engine. But there is the problem of confidence in digital
governor systems due to low reliability of electronic parts under the bad condition such as high
temperature, salty, watery air and intensive viberation in engine room. To solve the these problems of
control system, the performance improvement of mechanical-hydraulic governor is required.

In this paper, it is analyzed how much influence is given by a parameter variation of mechanical-
hydraulic governor for the speed control system by utilizing the Nichols chart, and the optimal parameters
are investigated through the computer simulations. The performance improvement of a conventional

mechanical hydraulic governor is confirmed to be possible by the above studies.
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Fig. 2.1 Block Diagram of the Ship Propulsion Speed Control System.

o3714 NR(s), NE(s), Z(s), Pe(s), Ps(s), N(s), NG(s)= o} &=} 7t}
Nr(s) : Preset speed (RPM)
Ne(s) : NR(s) - NG(s) (RPM)
Z(s) : Displacement of power piston (inch)
Pe(s) : Output power of engine (HP)
Ps(s) : Disturbance power (HP)
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N(s) : Propeller speed (RPM)
Nc(s) : Speeder spindle speed (RPM)
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Fig. 2.2 Schematic Diagram of PG Governor.

2&7)9] ql¥e A &x 2 stlA L, £HEe AR AqURALE Aeiste Bl AW
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ohoold fskoll s 9] 9 AE(power piston) L Al AR e 27X MHAAE
°l #522 A el W H2ES fU4AZ As) 1 F¢4Fe] 2 AN = (compensating
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W Asto] R E Wiy w3bA (Pilot Valve Plunger)ol] 33t wpgAl&
Ke NE(S) + K2 X= Ki X+ K3 X+ a3 P 2.1

o2 ®¥HA, 9714 Ks, Kz, Ky, Ks, a3, X, P& v}e3} 7o},
: The force of ball head (b/rpm)
: Ball arm scale (b/in)
: Speeder spring scale (Ib/in)
: Reaction scale at pilot valve (Ib/in)
: The area of compensator plunger (in?)

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

v e R R

: Deviation of pressure (psi)

Ki=Ki-Ke+Ks 2 5 7 As}a) e

KsNE(S)=-KsX+az P 2.2)
L2 3ddo
Sto] 2 E wiB (Pilot Valve) & 3 2& §ako] A3 WAL

KiX = -a1S82 @2.3)

L2 2989 + glev K4, a, ZE o}g3 2o
Ks : The flow flux at pilot valve (in*/sec/in)
a1 : The area of power piston (in?)

Z : Displacement of power piston (in)
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(2.10)9] FAAE A7 F At
S 4 Ks:Ci +a: K,) K + a‘2K1K4p
a?K, + a2 K, a (@2 K;s + a2 K,7)
K.K.K:Cip }Z="H: aK,Ks }

+a1 (a42K4+a32K7 a1 (a42K5+a32K7
a’+ K, K; ] [C4K7]]NE(S) (211)

a (a2 Ks + a2 K, as
@IDAlE B g g¥o2 AHasd 21247 2t

—157—-




6 — BEEXHAFAE F 28 (1992 8)
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Fig. 2.3 Propeller Law Curve
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Fig. 2.3 Block Diagram of the Propulsion Speed Control System.
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TYPE : MAN - B&W 6L60MCE
NO. OF CYLINDER ]

STROKE x BORE : 1944 mm x 600 mm
M.CR : 10,800 BHP 111 RPM

Mean Effective Pressure : 13.3 Kg/cm?
Total Moment of Inertia : 5816 Kg-m-sec?
FO Consumption Rate : 123 g/BHPHr

XL L
Dia of Propeller : 6,150 mm
Material : Ni-AL-Bronze

Moment of Inertia : 3,975 Kg-m-sec?
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Table 2.1
BHP 9671 7300 5395 3840 2606 1663 1975
PARAMBETER RPM 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 943 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 11.9 145
Kr 0.0006 0.0007 0.0008 0.0008 0.0009 0.0010 0.0013
ar 0.159 0.139 0.137 0.115 0.099 0.084 0.069
L (sec) 0.22 0.25 0.28 0.31 0.36 041 0.5

& 15/N<D.T<15/N + 60/N-n 2 Azl o9 (N : 1212 A<, n: 13A o 2F3sie Ay )

3. NicholsMzoll 2|gt MO{AHE2| 54

Zud LTEXNS golre ¥Hlo: R x(Bode Diagram),v}o] 7 A E A% (Nyquist
Diagram) Y224 Nichols Chart)So] glov} YEAMEE Ed HgZAztMp)e A3} A
Zzte) dix] 9 gJAabgte] Ze] A HoZ o] Axz HE FxAtHe ¥ 4E(Overshoot) &
4 e HAIFAFMeA), A 28 8] A = (Relative stability) & el = o] 5o f-(Gain Margin)
o} $j4ke]f-(Phase Margin) & FAlof ol & 4 U&¥ ot} Mp = 0.7078] ZA17}e] 7 ol A]
9] ZAFa4zhe oY E(Bandwidth)-& vebic). i Feo] Yo uF el A3yt 4 Adges

EAE 7HAH F& Afele S FIeo Adswe] A Adgoer =¥ $HEAS
dAS HEZL 35 A5AIZERising Time)oll #A7F Aot YE2A T Ao A 2ge] AA
of Bog TR, HAHR, olF9Fv EE dAEE e & 5 U Aol Uy A

€ 94 & e dAHe] At
2450 2l At Lo Axglg FH3T BT A2"E HA
satvle] & Zo} olES AW F& A=LTHE 4L 5 UATE AFH AEHNHE T3
&1l ot
23 319 YE2AEAA AF A $HFAe] ¥dA 99 & 537 stu2 EATE A2d
(Unstable system)e] 1 olalZ&: Ax = obA 492 Avug kAF A€ (Stable system) 22 <F
o] ) Fot Y o5 FE 2l A2FA FolAl FetvlEe NFZ ALl o3t
o bR BL UEAAEE 28 4 9o £ =10, az3=524, wn=1047(rad/sec), A o] 5 =
26, L=0.5(sec)9] gkol FoiAdd, A 2wl St Al thdeln] o] $FALS A= dF5&
E33l7] W Eo o1& 71F eielgiR s 7t stelele] gho] Wil wel §EFAde] ogA W
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Fig. 3.1 Nichols Chart of unstable and stable system.
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Table 3.1
10 Time MP Band Gain Phase
Delay | #d] | -width | Margin | Margin
AR | TR | HAF | o15od | apels| P12
: (sec) (rad/sec)] (dB) (Degree)
0.0 098 | 3.36 o 88.75 | <A
¢ 0.1 0.98 729 | 10.44 7063 | oA
0.2 133 | 798 | 593 | 5252 | ox
N 0.3 255 | 708 | 335 | 3440 | A
0.4 580 | 610 | 143 | 1629 | x
e = -1 W 05 1002 | 510 | -015 | -183 |2ary
Fig. 3.2 The Nichols Chart to the Variation of Time 0.6 6.00 466 | —-149 |-1994 |¥H
Delay. 07 | 410 | 426 | -266 |-3806 |Haid

oldellMe Axde B Aot ole Ay ALriHe] Fe
AXNA oz 2L 24Uzt a4 2 FHdxE °V45}‘4 A&l A&

el MY 5 9SS &+ Uk

3.1.2 A Atel5 (Gain)
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A ~de] 712 shebule] o] A A o] 5 (Total Gain) Ko =az - ke - Kr£5, 10, 15, 20, 3022 W73 4]
A Nicholsi®E z2j® 2% 3337 oo o] aydy 2 A8E el st #3.29) 7}, A
sdle] oo Zrlshd AUFAAs RAEE A, o|Sdfst AelfE Faste] o) 5ol
6ol pdd Axde Ebd HAT WA o]5F AA oS Ker U7 d4% 29 A=
Rack)e] M9 Qas 2U2 U 28] AXNZZ EUT 25714E AY A5/ 2l o182 7
ol Kool 202 2rdazich

Table 3.2
. Total MP | Band | Gain Phase
Gain #d | -width | Margin | Margin | uj 5
NV AAol5| 322 | A% I5ed | A4l
> // (rad/sec)] (dB) | (Degree)
/\/ U 5 089 | 078 | 14.17 80.71 | <rA
// 10 | 101 | 289 | 815 | 6042 | ¥
= ; 15 181 | 426 | 463 | 4168 | &4
20 4.23 4.80 2.13 2252 | A
4 —'-'/ i
e * 223 ~180 -135 ™ -9g 26 10.02 5.10 -0.15 -1.83 | EA
Fig. 3.3 The Nichols Chart to Total Gain Variation. 30 | 728 | 514 | -139 |-1898 | &4

3.2 =&7|9 IRAFos(wn )t as T2to|E
321 25719 HFAFIHE(an)
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ANA JEAAEE 229 23 348 ek o] AR e Y2 ARE MU £ 3.3r+
2o} 22709 THAERGI 42 ARTAASY NS oty Ao fe o15dfE F
)5t on=1047 (rad/sec) Bt} 2He gt ASole AAHE BAA A

1/2
24719 ZRAFAT 0, - farara - [ CH Koo e
22 FA"YG UEBue #4Flow Flux) Ci, slo]£E W u(Pilot Valve)e] #%Flow Flux)
K4, avm fage §4UA5 K, 93 540 £58A5 K7, Y A28 o= W vl
(Feedback Ratio) p £& 47 MAY 4 gloenz 2L 2H7|gE oJF FFeovt £ANHE W
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Table 3.3
wn MP Band Gain Phase
F3 | #d | -width | Margin | Margin w3
(rad/sec) | 312 | HAE | o]Soj g | SAto S
LY /S (rad/sec); (dB) | (Degree)
] Ve
\\\ \\\ 2 5 130 | 558 |-14.09 |-17153 |2ty
NSl 7 580 | 610 | -7.67 |-108.14 | 21y
1047 1002 | 510 | -015 | -183 |&<ry
”'/‘"”""_“ 15 119 | 414 646 | 5476 | atn
Phase
. . . 5. kA
Fig. 3.4 The Nichols Chart to Variation of Natural 20 092 | 135 | 1167 507 2
Angular Frequency. 30 0.84 0.34 19.00 93.39 | A

322 o3 Felvlg A2 r)F
e el askg 05, 1, 2, 3, 4, 72 WA A Nichols 5= =] 23 359 ). o)
TH2 VB Y2t ARE Bob Helsly E 34F A 4 Uk R WG4 o3 (Zero)
AV asgto]l AXNH HHFAA 2} NGZ L Zohsh} o]Soiss} AdAfe F2dtd w=524uc)
a9 Al2"e gokAdd A

HS2Zvels a3= K- Ca/as 2 o] Fo] Aoz JEu ¥ (Needle Valve)—4 #<(Flow Flux) C4, <}
#4524 Buffer Spring)¢] 487+ K, %—-ﬂa@ @94 a, C, Ki & 47 WA 4 9)
SEE Z2E71E YL R ALt o dol HAsHE °1-§—- A8 WAANA A
Y +HE F 5 USe g 5 9tk

Table 3.4
18 MP Band Gain Phase
w3 #d | -width | Margin | Margin W]
TAA | HGZ o] 5ol | YAl

5 (rad/sec)| (dB) (Degree)

0.5 0.93 1.2/3.2/54 6.38 12217 | <bA

i 1 0.98 1.5/27/53| 6.10 | 103.15 | <A

2 1.28 5.10 5.13 7396 | A

N 3 2.06 | 5.0 367 | 4818 | 1A
. ’ 4 4.23 5.10 1.95 24.58 | A

T = L e 524 | 1002 | 510 | -015 | —183 | 2ary
Fig. 3.5 The Nichols Chart to the Variation of a3 7 383 5.95 -2.74 | -3458 | %alx)

3.3 ZHAIF(L )2 o mEto|g
33.1 A=)
ALSE 7% debolgelq FAASE) L 001, 0.1, 07, 20, 5.0, 10 02 WA Al A HE24
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AAASE AFHE HHNFAA, HGF, |5, sAdF §2 2 HEFs
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-270 -2 -188 -135 -90

Fig. 3.6 The Nichols Chart to the Variation of
Damping Ratio.

332 ar F2}vlE

2] etomF A
s Aot
Table 3.5

MP Band Gain Phase

3 #v] | -width | Margin | Margin
ARAE | FRAA | R F | o] 5 F | A4 F ul

(rad/sec)] (dB) (Degree)
001 | 849 | 1493 | -050 -0 | EqHA
0.1 1658 | 1538 | -051 —oo | Bk
0.7 1212 | 574 | -029 | -476 | 2
1.0 1002 | 510 | -0.15 | -1.83 | EgkA
20 |4925 | 378 0.23 176 | A
50 | 1074 | 264 0.90 391 | <A
100 | 1274 | 190 1.60 483 | A

A2de] 71F steiuigelx AT FAZSHES FAHE ar FE 0001, 0.01, 0.1, 05,
10, 20 22 WAANA UE2AAEE a2d 2§ 3739 v} o] 2¥des ¥H 87 A8E A

Z, o)5ofE AR Fot

2lsbd ¥ 369 deth dAR a7t WEHE HA-FAA,
Aol arvt AL e HASE Based A2y

A2 47 Rl o] 83 Ak,

AERIES A

o
T

o
=2

o

2} 4 gleh.

~276

Fig. 3.7 The Nichols Chart to the Variation of ar

2
T
s

2
EQAs A o)l AL & B
AEL-NES} & RPAEI|H dAs £

Table 3.6
or MP Band Gain Phase
AHd) | -width | Margin | Margin
223 | A | o5oig | Aaeig| VT
(rad/sec)] (dB) (Degree)
0001 | 836 | 510 | -025 | -3.06 |&<HA
0.01 853 | 510 | -024 | -2.90 |¥arA
0069 | 1002 | 510 | -015 | —-1.83 |&<A
0.1 1101 | 510 | -010 | -113 |2<H
0.5 17.26 5.25 0.52 738 | A
1.0 489 | 541 127 | 2098 | <A
2.0 2.89 | 1.5/5.6 269 | 6199 | oA
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Fig. 4.1 The Step Response to the Variation Time Fig. 4.2 The Step Response to the Variation of
Delay. Total Gain.
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Fig. 4.3 The Step Response to the Variation of Fig. 4.4 The Step Response to the Variation of a3
Natural Angular Frequency.
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Fig. 4.5 The Step Response to the Variation of Fig. 4.6 The Step Response to the Variation of ar
Damping Ratio.
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Table 4.1
Time Delay MP Band width | Gain Margin .
P M
AAR | @ | oo | HABAA | AEE | olelg | e MR gy
(sec) (rad/sec) (dB) (Degree) ©
0.5 524 | 1047 10.02 5.10 -0.15 ~-1.83 ) =)
05 16 45 0.94 2.93 8.76 67.62 S+
0.5 17 5 0.94 264 9.10 67.40 k3]
8 0 2.25
: \\‘ u . @axs. 2
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Fig. 4.7 Nichols Chart at Optimum parameters and

Reference Parameters.
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Fig. 4.9 The Step Response to Optimum Parameters

and Variations of Damping Ratio.

Fig. 4.8 The Step Response to Optimum
parameters and Reference Parameters.
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