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Design of the Mechanical Hydraulic Governor for the Long
Stroke Marine Diesel Engine

Kang Chang-nam*

Summary

The propulsion marine diesel engine have been widely applied with a mechanical-hydraulic gov-
ernor for the speed control 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
few cylinder because of jiggling and hunting

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 computer simulation. The performance improvement of

conventional mechanical hydraulic governor is confirmed to be possible for marine propulsion engine.
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Fig. 1. Block diagi'am of the ship propulsion speed control system.

N (s) : Preset speed (RPM)
N, (s) :NR(s) -Ng (s) (RPM)

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

Pe(s) : Qutput power of engine (HP)
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P_(s) : Disturbance power (HP)
N(s) : Speeder spindle speed (RPM)
N(s) : Propeller speed (RPM)
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Table 1. Measured data
BHP 9671 7300 5395 3840 2606 1663 1975
Prameter Rpm 110 100 90 80 70 60 50
Ke 29.26 29.26 29.26 29.26 29.26 29.26 29.26
KL 248.6 237.1 190.5 155.5 123.4 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 4.5
KT 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 0.41 0.5
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Table 2. The system design data to the variat/on of time delay

Time Delay Mp Bandwidth Gain Margin Phase Margin

Remarks
(sec) (rad/sec) {dB) {Degree)
0.0 0.98 3.36 o 88.75 stable
0.1 0.98 7.29 - 10.44 70.63 -
0.2 1.33 7.98 5.93 52.52 -
0.3 2.55 7/08 3.35 34.40 ”
0.4 4.89 6.10 1.43 16.29 .
0.5 10,02 5.10 -0.15 -1.83 unstable
0.6 6.00 4.66 -1.49 -19.94 -
0.7 4.10 4.26 -2.66 -38.06 .
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Fig.5. The Nichols chart to the variation of time delay.
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Table 3. The system design data to the variation of total gain
Total Gain Mp Bandwidth Gain Margin Phase Margin
Remarks
(rad/sec) (dB) (Degree)
5 0.89 0.78 14.17 80.71 stable
10 1.01 2.89 8.15 60.42 4
15 1.81 4.26 4.63 41,68 -
20 4.23 4.80 2.13 22.52 -
26 10.02 5.10 -0.15 -1.83 unstable
30 7.28 5.41 -1.39 -18.98 4
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Table 4. The system design data to the variation of natural angular frequency

wq Mp Bandwidth Gain Margin Phase Margin
Remarks
(rad/sec) {rad/sec) (dB) (Degree)

5 1.30 5.58 -14.09 -171.53 unstable
7 5.89 6.10 -7.67 -108.14 4
10.47 10.02 5.10 - 0.15 -1.83 -
15 1.19 4,14 6.46 54.76 stable
20 0.92 1.33 11.67 75.67 -
30 0.84 0.34 19.00 93.39 -
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Teble 5. The system design date to the variation of a, parameter

a Mp Bandwidth Gain Margin Phase Margin

Remarks

(rad/sec) (dB) (Degree)

0.5 0.93 .2/3.2/5.4 6.38 122.17 stable
1 0.98 /5/2.7/5.3 6.10 103.15 .
2 1.28 5.10 5.13 73.96 -
3 2.06 5.10 3.67 48.18 .
4 4.23 5.10 1.95 24.58 -
5.24 10.02 5.10 -0.15 -1.83 unstable
7 3.8 5.25 -2.74 -34.58 .
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Table 6. The system design data to the variation of damping ratio

4 Mp Bandwidth Gain Margin Phase Margin
Remarks
(rad/sec) (dB) (Degree)

0.01 8.49 14.93 -0.50 —oo unstable
0.1 16.58 15.38 -0.51 -0 -
0.7 12,12 5.74 -0.29 -4.76 -
1.0 10.02 5.10 -0.15 -1.83 .
2.0 49.25 3.78 0.23 ) 1.76 stable
5.0 10.74 2.64 0.90 3.9 .
10,0 12,74 1.90 1.60 4.83 .
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Fig.9. The Nichols chart to the variation of damping ratio.
Table 7. The system design data to the variation of a parameter
ar Mp Bandwidth Gain Margin Phase Margin
Remarks
(rad/sec) (dB) (Degree)
0.001 8.36 5.10 -0.25 ~3.06 unstable
0.01 8.53 5.10 -0.24 -2.90 .
0.069 10.02 5.10 -0.15 -1.83 4
0.1 11.01 5.10 -0.10 -1.13 4
0.5 17.26 5.25 0.52 7.38 stable
1.0 4.89 5.41 1.27 20.98 -
2.0 2.89 1.5/5.6 2.69 61.99 4
. ole Fe =4rels WARLWES AL e é]ﬂl%%l{k(Mp). g4 §F whgsie Oy
LY a&rige] o]l L3ty GAn, B4 B ZB.W), A= E FAs HA Y olSodf
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Table 8. The system design data at optimum parameters and reference parameters
Time Delay a on M Bandwidth |Gain Margin Phase
p Margin  |Remarks
(sec) (rad/sec) (rad/sec) (aB) (degree)
0.5 5.24 10.47 10.02 5.10 -0.15 -1.83 unstable
0.5 16 4.5 0.94 2.93 8.76 67.62 stable
0.5 17 5 0.94 2.64 9.10 67.40 .
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