26

© WEH

A& AR ETAsBY SEA AT AT
(A28 : ENGINE DEAD TIME-S 23 7#-%)

L EARL Sl

A STUDY ON THE SPEED CONTROL OF A LOW SPEED-LONG
STROKE MARINE DIESEL ENGINE

(Part 2: In the case of regarding the Engine Dead time)

YH. Yu*-]S5 Ha**

Abstract

Recently digital governor system is commonly adapted for the speed contol of the marine
diesel engine because of too much fluctuation of rpm resulted by the low speed, long stroke,
high efficiency and a small number of cylinder of it, and versatile studies on the development
of digital governor system are progressed.

On this subject the new control method in which the fuel is controlled by feedforwarding the
change of load as well as the feedback of angular velocity in case of disregarding the engine
dead time and influence of scavenging air was proposed by the authors, and found the method
has shown quite a good control performance in comparision to the conventional control
method by the simulation using a digital computer for various load change.

In this paper the speed control system of a diesel engine is simulated in case of regarding
the engine dead time by the proposed method, and also confirm a good control performance
of it under even more realistically simulated environment.
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Table 1. Response characteristics obtained by the Proposed control method when external load is
q=2501.0*Sin(2z/Pw)*t

weighting Q=diagonal (10, 1, 1, 10) Q=diagonal (10, 1, 1, 10)
Ref Pw item matrices r(10) r{10)

error’ sum, sum 1.1 2542, 3 1.3 2544, 1

6sec Ymax, Ymin 50.5 49,6 50,7 49.7

Umax, Umin 211,6 30.6 209,5 30,2

error? sum, u sum 0,6 2626, 1 0.8 2626, 5

50rpm | 8seC | Ymax, Ymin 50.3 49,6 50.5 49.7
Umax, Umin 208, 4 32,0 207.4 31.9

error’ sum, u sum 0.3 2405, 4 0.5 2406, 1

10sec | Ymax, Ymin 50,3 49,7 50.5 49,7

Unaxs Unin B 208.6 33.0 207.0 32,6

error’ sum, u sum 8.9 9883.7 *8.4 9875.2

6sec Ymaxs Ymin 80.3 78.4 80.2 78.0

Umax, Umin 551, 7 408, 7 551, 7 407.2

error? sum, u sum 9.4 9963. 7 8.9 9957.7

80rpm 8sec Ymax, Ymin 80,3 78,4 80,2 78.4
Umax, Umin 551,7 407, 9 551.7 406, 8

error’ sum, sum 7.9 9764, 8 7.5 9755. 3

10sec Ymax, Ymin 80, 4 78.4 80, 2 78.4

Umax, Umin 5517 407, 4 551, 7 406, 7

Table 2. Response charateristics obtained by the conventional control method when external load is
q=2501.0*Sin(27 /Pw)*t

weightingl  Q=diagonal(10, 1, 1, 10) Q=diagonal (10, 1, 1, 10)
Ref W item matrices r(10) r(100)

error® sum, u sum 544.0 2604, 0 705.9 2614, 4

6sec Ymax, Ymin 57.5 41.9 58,1 40, 6

Umaxs Umin 2210 50,1 201.5 63.4

error® sum, sum 368.1 2678.2 508. 4 2684, 3

50rpm 8sec Ymaxs Ymin 56,3 43.5 57,2 42,1
Umax, Umin 210.9 40,2 1952 58.9

error’ sum, u sum 279.7 2490, 3 398.5 2522, 4

10sec Ymax, Ymin 55,6 43.9 56. 6 42,9

Umax, Umin 219.0 31.1 200.9 51,8

error? sum, u sum 238.3 9796.7 *167.1 9864, 5

6sec Ymax, Ymin 86,7 75,4 85.3 76.0

Umax, Umtn 551.7 432.2 551.7 431.3

error? sum, u sum 174.5 9931, 3 111. 4 9996, 7

80rpm 8sec Ymax, Ymin 85,8 75.8 84,0 76,5
Umax, Umin 551.7 425.0 551.7 425.5

error? sum, sum 132, 6 9880, 8 80.9 9891.4

10sec | ¥Ymax, Ymin 84,7 76.2 83.0 76.9

Umax, Umin 551.7 419.9 951.7 419.8
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Table 3. Respnse characteristics obtained by the Proposed control method in the case of 5rpm Ref change

weightingl Q=diagonal(10, 1, 1, 10) Q=diagonal (10, 1, 1, 10)
Ref W item matrices r(10) r(100)
state feedback gain 10,3, 3.5, 0,35, 9.4 6.7, 2.6, 0.24, 5,2
error? sum, u sum 65. 6 491,2 34.9 455, 4
30-35 | ymax, ymin 40.4 30.0 38.8 30.0
30 umax, umin 99,7 25.5 78.9 25.5
error? sum, u sum 19.6 300.3 18,2 297.2
30-25 | ymax, ymin 30.3 23.9 30.3 23.9
umax, umin 39,2 25.5 37.0 25.5
state feedback gain 10.5, 2.9, 0.22, 10,2 7.4, 1.9, 0.12, 6.7
error? sum, u sum 8.9 1619, 1 6.5 1618, 6
50-55 i ymax, ymin 57.5 50.0 56.5 50.0
50 \_ umax, umin 218.0 120, 4 199.2 120. 4
error? sum, u sum 16.9 861, 6 8.7 858. 8
50-45 max, ymin 50.0 41.0 50,0 42.5
umax, umin 120.5 30.2 120.5 49,0
state feedback gain 10,5, 2.5, 0.18, 11,1 8.1, 1.8, 0.1, 8.3
error? sum, u sum 5.7 2660, 4 5.6 2660, 5
60-65 ymax, ymin 66, 6 60,0 66, 1 60,0
60 umax, umin 319.7 208.1 307.1 208.1
error? sum, u sum 7.3 1576. 3 6.4 1576.1
60-55 ymax, ymin 60, 6 52,6 60, 6 53.3
umax, umin 208.2 105. 2 208.1 117.9
state feedback gain 10.8, 2.3, 0.15, 12.8 9.2, 1.7, 0,08, 11,2
error? sum, u sum 5.0 4076, 3 5.0 4076, 4
70-75 | ymax, ymin 76.1 70.0 76.0 70.0
70 umax, umin 463.8 330.5 455,3 330.5
error? sum, u sum 5.6 2610, 1 5.5 2610.1
70-65 | ymax, ymin 70.0 63.3 70,7 63.6
umax, umin 330.5 207. 4 330.5 215.9
state feedback gain 10,1, 1.9, 0,13, 11.8 10,4, 1.7, 0.07, 15,1
error? sum, u sum 1.9 5486, 2 1.9 5486, 2
80-83 ymax, ymin 83.0 80.0 83.0 80,0
80 umax, umin 551.7 493.4 551.7 493.4
error? sum, u sum 1277. 4 318.2 1277. 4 318.5
80-25 | ymax, ymin 80,0 23,8 80.0 23.9
L umax, umin 493. 4 25.5 493.4 25.5
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Table 4. Response charateristics obtained by two kinds of control method in the case of 50% stepwise load off

at 80rpm
" weightin . .
rpm)  item n:?t;gicelsng Q=diagonal (10, 1,1, 10)r (10) Q=diagonal (10, 1, 1, 10) r (100} REMARK
error’ sum, u sum 67.5 4797.7 61,3 4807.7
by proposed
80 |ymax, ymin 91.4 76,1 91.0 75.8
method
umax, umin 551.7 25.5 551.7 25.5
error? sum, u sum 645, 5 4779. 4 477.1 4781. 7
by conven-
80 | ymax, ymin 107.1 77.7 105, 1 76.2
tional method
umax, umin 493, 4 25.5 493, 4 25.5
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