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Abstract

The design concept of diesel engines for sea-going ships has been directed to Low-speed/Long-
Stroke type to improve the efficiencies of combustion and propelling. But time-delay inevitable at low
speed gives much difficulties for governors to control the engine speed because they would be apt to
go into unstable region especially when operating at low speed. The purpose of this paper is to study
the problem of how the governor gain can be calculated dynamically in accordance with the variance
of engine speed to locate the engine still on the properly stable condition.

In this study, the property of diesel engine was described as composed of combustion element
including dead time and rotating element, and the ultimate gain for the speed control system to be
located on the condition of stability limit was proposed based on the frequency characteristics. And
the target gains with optimized stability also were proposed by giving proper margin to these ultimate
conditions.

The results were applied to a model system and the availability was confirmed to be satisfactory.
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Bore x Stoke 840x3150 |

Cylinder Number 7 J

31800

MCR [PS]
MCR [rpm] 70
J[N-m-s¥rad] 85000
GCU
lMc

Nr = 3 Nc
Cortrofier Li Engine I

[

Fig.3 Block Diagram of the Modelled Control
System
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Table 2. Sea Trial Data of the Modelled Ship

—’765.5 77.0

65.70 | 71.87
28718 | 31946

6 | 1985.9 | 3070.0|3121.9
7.9 | 375.3 | 4148

__Pelps]_

MelN-m] |
fIN - m - s/rad]

(569)



66 BEMM KBS E, $265 55 2002

HEA A (Load Indicator, %)%t EZ M,9 Tr:_{_ 37

Axde) BANAN TR, Table 2914 M, fln)

RaxAIgh o] BAE H2ASHA 98] v

yd K= 4 (31)e] "}, 6. A2t &4

K (1) =4404.4165 — 375.7369 +9.765612 Fig4E ©|5 AaFoAM Aoj719 o5& 4
-0.06626/° (31) (25)0 23t AA olSHET} 128 AA T £

47 3AF 50[rpm]Y el 2RI HEolw g
Aol A MyE M,9h 7oA Table 29) A de & etk 398 AR AgaA
N M2 905 no2 vehE 4(32)9 gop  FigSE WACIES Jdi2 REAR Afeld

A3 hEAS f HAF ng BAE Ao YUY BARTE HAS Figb P4t A4
2 s AEHEE YACISY 0202 o5 2
ZAgoln Fig7& ol5S YA 59 05v= 3}
M ,(n)=14159.274 - 1285.6585n + 30.2858n? T AN dAFY 22 2HsAe W
-0.20222 n? (32) o ARAEZA HAZ $EEALE Hdebdh
SR ME HAMFe B 4Bt} 2
fln)=493.1243 - 16.4330n + 0.3223n° AN HA ol 53E FHLZ AAtdtd
-0.001514n° (33) A719 seuE s A @ Fig7e ¥
A A A Lo AT, o
A (27),(28) 3 Table 1o s 24 7] &
Aol AZeA QA Lisls A A% TelslE e 4 T
(34).(35) 7} Bt wol L LA L g KR
g b AL UL
L = ﬁ_‘r_ﬂ_l (34) LR ! |
" wk - ' ‘
2004 6 8 W 1M OB 1B Dy
5 Fig.4 Step Response by unstable condition
T. = — (35) (Kp = 1.2 x Ku, Ti=5.0xTu)
9. stetolel K, T, a,
4 (10)3 A (33)9 s K& 4 (36)5% 2 [
o] s n. A S S S T B
T VIYAYIYES
K(n) = 36 15\/“:*:3‘ P
A ) (86) 0 f\/ (NN
v H H H
=3 TIs1e 4 (13 4 (33)d 28 4 AR " e
(37)0] A},

Fig.5 Step Response by ultimate condition
(Kp = 1.0 x Ku, Ti=5.0xTu)

(570)



Au 7712 AL AR $3 o5 43 B

74 5 8 M R U BB D
Fig.6 Step Response by overdamped condition
Kp=02xKu, Ti=5.0xTu)

o]

w0 — —

S A
R

400 {l‘,{‘,‘}}{{{'}
T S S T

" S 4
R S SR R PR TR " R

Fig.7 Step Response by setting parameters to
designed values (Kp = 0.5 x Ku, Ti = 2.0 x Tu)
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