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Cascade temperature control for jacket cooling-water system of

two-stroke low-speed marine main diesel engine
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Abstract: In a typical cooling-water temperature control system, cascade control with two loops can control the sudden temper-
ature change of the cooling-water caused by disturbances, and the control system can be designed so that the corresponding
temperature can be changed rapidly within the allowable range. In this research, a cascade proportional-integral-derivative tem-
perature control system with two loops was designed so that the outlet temperature, as well as the inlet temperature of the
ship’s main engine jacket cooling-water, can be considered together. The temperature control system was developed assuming
that the outlet temperature set-point is fixed during automatic mode operation in which the controller quickly restores the dis-
turbance output to the set point because of the disturbance created by changing the main engine load. The controller parameters
were tuned to minimize the error between the set-point and the jacket cooling-water outlet temperature and to follow the
set-point as soon as possible to stabilize. At this time, to minimize the integral squared error performance index, real coded ge-
netic algorithms, which are widely used as a robust optimization technique, was used. The designed cascade control system
with two loops evaluates the quantitative performance of a one-loop control system through computer simulation.
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Figure 1: Jacket cooling water system with one loop control

as a simple circulation system
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Figure 2: Jacket cooling water system with two loops cas-
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Figure 3: Overall PID control system for standard one loop control as a simple circulation system
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Figure 4: Overall cascade PID control system with two loops as a load feedforward

4. PID A|°o]7]9] %55

A7) FxE AA Aol A
ng;gi s EE =

% PID 11]0% 7]— 21]

o d 2
K}

A7A, ¢ (K,

o] }\]/\541_4 .Q__E‘_ z\qxq;qg]_ T7]J4_ ‘,g 1_

opolu], HLAZ 1=
J

71 20, ARYAITFE 1

5L 20%7) AR 1M

_>_~_%r1r

[t

=

s

HH RCGA-OJ 03_&%}?16&1

o 9|5 PID FEHrEES BAEr] 913 Bl T3
7o) 85[°CIQl AR 33| o] HitolA] F7]3he] Haks
30[%]N A 60[%]= W EFHA T AL o FA HAE
e Ee] A 9l FX Alo] A=ET o)F B
Aol AVE“& Hlaste] gt 18 Sds Alef7)
B EE& A3l &5 Ao A|xRle] E5 X

2 W Wg deE Ay

5.1 22| AEE HIOIES MODI ietole
gol *}% A7 [4]19F 712510 dolH &=
Table 13} 731, ABEZ3 A|ZF he 0.01[sec], E3}7]19] H A
B gy -1009F HHEE w028 ST
PID Ao}7]9] setulEl 52 3t 0<[K), A;]<10, 0=
[£;]<100°1 4] RCGA®l ]3] EA= AL, Hoj=|= et
HEo AUEs 2r|3we] dgd ua} defd 5 lof
EHE HEGeed)Z AAE Z7IFTHoR 53] Rojdds
At 2 AdE Fteloh 24 Ao} A 2'EY] 1
A3}= Table 20 YJERNSITH

m9) 4

> A
Qb ot AN e |

2N

) s

o £ % 5
i
M
=,
i
to
M
o,
3
Lot
=2
il
A
e,

(DY
o oZ
o B -
ol ﬁ
it
I
2
9
>
[
T,
o
N
ox
o
2
9
N
w v
kD
=)

Mg o> Xodro
it
)

460



Table 1: Heat Exchanger (HE) data for simulation.

descriptions parameters values

actuator gain K, 0.021
actuator time constant T, 3
HE gain K, 50
HE time constant T, 30
HE time delay [sec] L, 1

HE disturbance gain K 0.286
pipe time delay [sec] L, 4
engine gain K, 1
engine time constant T, 8
engine time delay [sec] L, 2

Table 2: Tuned parameters of the PID controllers for dis-
turbance rejection

PID controller
control system K K K,
one loop 2.6940 0.0440 32.7480
two loops 4.9665 0.0400 40.9935

tol HE <2t A &8s

Aol AA A W2 7 2%

AAA| 7} 85[°C] = LA H = A|=Bloll A F7]3ho] 30% H-st

2 FAEE B0 1EE 60%E 7 A diane] 217}

7Vl W S 2EE A WA 2l GEks v

A fet. o] & Ado R
Figure 5= 7|38 A2 W4 &4 2578 a9 o

o T3 Ao Al2Eld} F7) e R ofy el 2 W
7 JT 22E A 28 ol X Alo] AlAHE
TS A T AA des Bl IRlEE SES
T8 2% Zlo|th Table 3-> |52 A3} A|7l Ho|th

s B 3 Al AARA Y, (s) = 85[°Clell AL ==
Ao R IFFEM, ojuf Aofr]= F7]|¢ Faf WEowE
gyl S 2E7F W AAAR IEHES -8 ¥
th ZF W] ol oA A5E FEFH o= AL St
o olgke] gFo] ¥ = A= 5T ¢, 9 TAE
& 8 Zlo] Table 30|t} ol ¢, = Y(s)7F ¥, (s)°]
2% o=

3EE =0 el AIZFS 9u|Et) Table 39
A HE o]F T Ao} AlzEle] ¢ o} JAEY} @ 32

=2 T
Ao} Aguet Hop Auks oz ol $4ES el

=
S Qlth ol R Alo] Alze] A9 T AR W7
S QT LA Y o ofs) S=w HuA Alo] 2
Bo) S JFe MARR B Tk Ao Axwlur
slgl W g £EE welw gt

oA xR Yol ers] 2] A42¢ A6 (2018.7)

90

S I —Y.©
R T T S S P Yo Y
L
5 =Y (s)
S0t .
&,
g
b
75 . . . .
0 20 40 60 80 100
time[sec]
_Ti>
""" MOy
Yoi(®
0 20 40 60 80 100
time[sec]
S 100 T
g Engine Load |_|
e e Umu(s) l
g Umu(s)
=y 2
<
=
< |
:w _100 1 L 1 L
0 20 40 60 80 100
time[sec]

Figure 5: Disturbance rejection responses for cascade PID

controller with two loop

Table 3: Performance of disturbance rejection depending on
load change of main engine

control system trcy[sec] 1AE
one loop 96.2064 80.4817
two loops 61.3358 56.6549
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Figure 6: Set-point tracking responses when Y, , is

step-wisely decreased from 85[°C] to 80[°C]

Table 4: Performance of set-point tracking response

tracking performance

M, t t, IAE
15.5539 | 96.2635 | 134.2497
94.5193

7.4543 | 61.3319
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