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The velocity control system design of marine diesel engine
with mechanical-hydraulic governor using w transformation method

C.N. Kang. J.G. Park. J.Y. Chung. Y.O. Roh
Che Ju Univ. Korea-Maritime Univ. Dongeui Tech.Junior Col. MokPo-Maritime univ.

Abstract The marine diesel engine have been
widely applied with a mechanical hydraulic gove-
mor to control the ship speed for long time.
But it was recently very difficult for the mecha-
nical 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 die-
sel engine. In order to analyze the speed control
system, the transfer function was converted from
z to w transformation. The author proposed
velocity control system with feedback loop by
PID controller in order to stabilize for unstable
area. The influence of dead time was discussed
by Nichols chart and unit step response curve. It
was confirmed through computer simulation that
the performance improvement of a mechanical
hydraulic governor can be obtained by PID cont-
roller.
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Fig.2.1 Block diagram of veloc1ty control system
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Fig.3.1 Nichols chart under the variation
of dead time

Table 3.1 Results of Nichols chart under
the variation of dead time

Dead Bandwidth |0 [T Do
time(s) Mp (rad/s) margin ;margin  [Remarks
(dB) | (Degree)
0.0 | 09772 3.2 Inf. | 745086 | stable
03 | 21727 5.0 50517 | 306147 | stable

05 |56.3001 41 019751 1.5763] stable

09 | 2.5908 305 -4.9209 | -53.5641 junstable
1.2 | 19019 260  [-7.3064] -89.3453 junstable
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Fig. 4.1 Block diagram of speed control
system with PID controller

PID Aloj7l8l dg8F M),

2.
iz =Kt Hi R )

2 389 PID Aorrt 27t AAHY £
Aol AAdS Qiz) Fn A AU B

(K,2*~ Kyz+ KDy
2(z2— 1) (2% + Kyeap) +(K,2° — Kyz+ K Jeag

X2)=

— e B 2 ~
Clp =2~ & T p2—iy

4.2)

Copy == sza"CmZz"l‘sz-Cg

5. Algalo|M dx g u@

1A fA 25718 M §xA] Aadd
A GARAGAd ANE AGu gl SR Ao} A
€ & 4%& e AEAGE U FLd
st PID#EPIEE Tableb13 o] FAstd
2o 49¢ #59%? Fig. 51€ AAAe]
= 7449 PIDA7E § £X4l0] Alade] g
2A % o]3, Table 52+ #HY A gojd.

Fig.5.2 (a), (), (), (@), (&) &7 AXAHo|
0.0(s) ,03 (s) ,05(s) ,09(s), 1.2() A4 vy
HA 2 PIDAC7]IE & Ao Aide o
AR 293 u]lwEolil Tabled32 THE A
golth

Table 5.1 Adjusted PID parameters

Parameter
Dead Ke Ki | Ko
tirne(s)
0.0 01 131 05
0.3 01 06 | 035
05 01 0451 035
09 0.07 025! 0.2
1.2 0.03 0.19] 0.1
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Fig.5.1 Nichols chart under PID parameter
adjustment in case of variation of
dead time

Table 5.2 Results of nichols chart under PID

parameter adjustment

Dead Bandwi- [Gain ma- {Phase ma- R
ema-
time(s) | Mp |dth(rad/s) [rgin(dB) |rgin(Deg.) ks
0.0 109996, 31 Inf. 85.0024 |stable
03 [09992f 28 92835 | 69.2417 |stable
05 109993 33 76515 | 64.8891 |stable
09 109996 0.38 7874 | 657393 [stable
12 i1 1.45 7.7581 | 65.1224 [stable
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Fig.5.2 Unit step responses of uncompensated

and PID system in case of variation

Table 5.3 Comparison of simulation results

Dead Oversh- Time [Rising |Settling |Steady
time [System oot (%6) to peak [time [time state
(s) (s) (s) | (s) |error(%)
00 8] 23 A} 257981 13 106285 1.6 0.0020
) PID 0 16 106519] 1.2 0.3745
03 vl R4 | 489087 12 103581 46 0.0049
’ PID 0 20 108321 138 1.0479
05 B B4 | 988612 16 [0.3660| Inf. 83.8360
’ PID 0 3 0.7267| 26 0.1994
09 v} g4} Inf. Inf, Inf. Inf. Inf.
) PID 0 5 132100 45 0.4937
12 vl B4} Inf. Inf. Inf. Inf. Inf.
j PID 0 7 16838 58 0.1795
6 dE

HAdz1de VA F4H 2&718 234, 3§
AAZE 1AAZ 2dAYsd SxAo Ax=dE
TA8AL, Ao ALEFE FE53, wiE
o2 ¥a3g. UE2ARE o839 AUAA
o wgte] ME JFE EMz, A 4¥e
FI1 §H5E4E FGYd ATAL] 05(s)E 7
oz IR A9 Hoj, A2xle A
Aol 8 d%e v 8 4. ARALEE
AR 7189 =24 4ddF FL 71F AA
Al ZAE 3 £ dE AdvEHoRE, A
d & $H84E @7 A%y d=yRzg 7
43, PIDAY7] € 7718 SEA A2dE ALR
o 24y I HoewfE  AFAHR
7t A9 glolA:, BSMEFH ARADNE ofF &
3o AE FAFHeE g2 ¢ F A+

(& o 2 8)
1] ZEARIRES BRETRRES, ‘B 88y
EMERE" 93584 pp.222,1984.
[2) * ET, #mXHX, “EFr - 28A” ,BAMBE
B & #2445 125% pp 5-15,1989.
[3] Woodward Governor,LTD. “The Control of Prime
Mover Speed” ,1981.
[4] Katsuhiko Ogata, “Discrete Time Control Systems
” Prentice-Hall Inc.,1987.
[5] A3 aA2" wigdol g8 AVH4A 247)
g 717 wgdArige £xAo)” d3ugr|ust
2] 2], Vol.21,No.2,pp.195-205,1997.
[6] Robert H.Bishop, “Modern Control Systems Anal-
ysis and Design Using MATLAB” ,Addison -Wes
ley Publishing Company, ppl03-113,1993.

- 698 -



