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A Study on the Performance Improvement of Mechanical-Hydraulic
Governor used a Marine Diesel Engine by Padé Approximation

SIM, GI-WO0O, PARK, JIN-GIL

ABSTRACT

The maritime diesel engine has been widely applied with a mechanical
~hydraulic governor to control the ship speed for a long time. However
it is very difficult for the mechanical-hydraulic governor to control the
speed of engine under the condition of low speed and low load.

To solve these problems of control systems, the performance
improvement of mechanical-hydraulic governor is required. In this
paper, dead time in the transfer function of the given control system,
which is occurred between fuel injection and power output in diesel
engine, is converted into a 2nd order Pad¢ apporoximation which
lincarize the control system for analysis and design of the speed
control systems through frequency response method. The influence of
the dead time, gain, damping ratio is discussed by using Nichols chart
and the optimal parameters are investigated through the computer

simulations.
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Fig. 2.1 Block Diagram of the Ship Propulsion Speed Control System
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Fig. 2.2 Schematic Diagram of Mechanical-Hydraulic Governor
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Fig. 2.3 Block Diagram of the Governor
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Type . MAN-B&W 6L60MCE
No. of Cylinder 16

Stroke X Bore © 1944 mm X 600 mm
M.C.R * 10,800 BHP at 111 RPM
Mean Effective Pressure : 13.3 Kg/cm?

Total Moment of Inertia : 5,816 Kg * m - sec?

F.O Consumption Rate : 123 g/BHP - Hr

Dia. of Propeller 6,150 mm

Material - Ni-AL-Bronze

Moment of Inertia 03,975 Kg - m - sec?

A

A A3 249 Bete 44 Table 219 7o},
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Table 2.1 Parameters of Propulsion System

BHP 9671 | 7300 | 5395 | 3840 | 2606 | 1663 975
_ RPM
™~ 110 100 90 80 70 60 50
Paramete
Ke 2026 | 2926 | 2926 | 2926 | 2926 | 2026 | 296
Kt 2486 | 2371 | 1905 | 1555 | 1234 943 683
Kr 0004 | 0005 | 0006 | 0008 0010 | 0015 0030
Tr 6.3 72 73 87 10.1 119 145
Kr 0.0006 | 0.0007 | 0.0008 | 0.0008 | 0.0009 | 00010 | 0.0013
2: 0.059 | 0139 | 0137 | 0115 ] 0099 | 0084 | 0069
L(sec) 0.22 0.25 0.28 031 0.36 041 0.50
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Table 3.1 Results of Nichols chart under variation of dead time
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Table 3.2 Results of Nichols chart under gain variation
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Total Gain ] Mp Bandwidth Gain Margin | Phase Margin ] -
AA ol 5 F o-53A e ]S A& N8 F

10 1.00424 2.47 25715 60.4097 ¢ A

15 1.7966 3.85 1.7144 41.7234 <t %

20 4.1702 45 1.2858 - 22,7020 & %!

26 99.6167 46 0.9891 -1.1533 E A

30 7.8258 0.14/46 0.8572 -17.5586 E ¢ A
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2.0, 5002 WMAAA Az YF2MEE 289 Fig. 33% 23, °
AL AUTAA, HAEF, o|5dF, 48 F &5 Table 33 % 2t}
Table 3.3 Results of Nichols chart under variation of daming ratio

g Mp Bandwidth Gain Margin | Phase Margin W 3
AL | HAFTIA g & 0] 5 o f A9
0.1 18.9981 ‘ 7.2 0.9471 inf E<A
0.5 29.0865 55 0.9637 -6.9848 EQHA
1.0 103.3981 4.6 0.9889 -1.1659 EtA
2.0 44.0991 3.62 1.0304 1.939%0 &t A
5.0 17.1475 25 | 1ues | 3923 %t A

Open-Loop Gain (db)

370 -180 S0
Cpen-Laop Phase (Ceg)

Fig. 3.1 Nichols chart to the variation of dead time
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Table 4.1 Results of indicial response under variation of dead time

Dead Timel|Overshoot |Time to Peak |Rise Time [Settling Time | Steady-state
(sec) (%) (sec) (sec) (sec) Error (%)
0.1 11.2539 0.6 0.3538 14 0.0045
0.3 51.0473 1 0.267 4.7 0.0035
0.5 120.9094 94 0.2856 inf. 52.1136
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Results of inditional response under variation of total gain
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