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Genetic algorithm-based design of a nonlinear PID controller for the

temperature control of load-following coolant systems
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In this study, the load fluctuation of the main engine is considered to be a disturbance for the jacket coolant temperature
control system of the low-speed two-stroke main diesel engine on the ships. A nonlinear PID temperature control system
with satisfactory disturbance rejection performance was designed by rapidly transmitting the load change value to the controller
for following the reference set value. The feed-forwarded load fluctuation is considered the set points of the dual loop
control system to be changed. Real-coded genetic algorithms were used as an optimization tool to tune the gains for the
nonlinear PID controller. ITAE was used as an evaluation function for optimization. For the evaluation function, the engine
jacket coolant outlet temperature was considered. As a result of simulating the proposed cascade nonlinear PID control
system, it was confirmed that the disturbance caused by the load fluctuation was eliminated with satisfactory performance

and that the changed set value was followed.
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1A MAN©O]| A+= JBB (Jacket Bypass Basic)2} LDCL
(Load Dependent Cylinder Liner)A]| 28-S 7fFslo] Zb
Aol AHA O 7 #8619 11, Wartsilao]| 4] += Buffer
system= 7||@sto] ARE-31614 th(Kim, 2014; Jacobsen,
2014; Wartsila, 2014; Kim et al., 2017; WINGD, 2022).
MANZ®] LDCLA| 28] = WHR (Waste Heat Recovery)
Al 2~H]S 93t EGB (Exhaust Gas By-pass) A|Z~E]o]
Qi Aollz A W2k S AolS 9l
AnAolE AojA 28E A2 AL ARYelL Ak
(MAN, 2012). ¥ ¢13to| 4] 112]%]= LDCLA| A8 3
0% T3z ) 2A0)= lojA] kel 7] A 05 PID
Aoi717k AHg#IaL Qlek, Alof o) 2] Wtz A5

7uge] e ol Sell i PID Aloi7)i= ofe] 4kl
ol 4] 22013 rk. PID Aloj7] =t Alo}7] w47
SP717h 4da 71EAel Faa ) o gl B
wplo] 27hElo] Q7lo] B HE Al AAYol 5ol H]

A Zhdsl FHGE 4 ]D}(Astrom et al., 1995;

Aidan, 2009). Z12]4} A& PID (Linear PID: LPID) #|o]

7= Aol o] w4 ﬁE% w27 skl o] 52 A
A S 2ot ok, Wil ol
W g A Esh el gich ueba] Ao K| AEe] Wk
o} w £ 7ho] "] WashA Hk. oleje H
& thas §81417]7] $18) AEAI] LPID Alo}7]e] Pz
o Ul AF Al WS A A AupEo] W
Ea7 QJti(Chen et al., 2011; Zhang and Hu, 2012;
Korkmaz et al., 2012; So, 2014; So and Jin, 2018; Najm
and Ibraheem, 2019).

Ao A= 71E9] ET LPID Alo]7] x|
Z17re] oj%o] exjo] ulel Weli: ulAE PID
(Nonlinear PID: NPID) A|o|7|& $-85}11A} ot} A&
E3= NPID AJo]7]9] o] S50 Ao]7] 2% % o7} &
L 9afo] Wstg-g ujgo R AR WskA Hop B
¢1tol| Al AR8-%]= NPID A|o]7]7} A1Rkg- A< 23374
T Hoh Hge] whe) Holkshe A7l Wb =
T 2= ofy e} |5 2Tt Al A= olF
Pz A 2A o] = Aloj Al 2T of] A E-FL

NPID #[o17]2] 7} o] 552 7] HFstof whe} vish
He 2k ARPAE HES wE ARt FF5kaL oFy
SHAIA 220 et = o les AR EL ofuf, Al
b A A4 E(ITAE: Integral of the time weighted

]ZE__L
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absolute error) 5|7t HASEEE AV S
ATy 541G 18] (RCGA: Real-Coded Genetic
Algorithms)2 ©]-83t}(Jin and Ha, 1997).
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4 (59 AEAFAR gstol tehd Aelv]e)
AR AolcHANn et al, 2014). Y (s)3= Aneb|E
BTl 710 YY) & 2molt,

V)= gy K U+ KT (o) 5)

MAN (201z>o1v = Sl AR eleluje) A8
HAjal] 9la) AT WRe] B RS AelolA

88~92 [C], aLF-stoll A= 80~85 [C]= AAstal Q)
t}. E=3FE WINGD (2022)0| A= A7l W2 & 25
AzIA oA 2Jllol] ofsf 2F3H uf, A/ e(steady
state)of| A= A XS] £2 [T], T =A el (transient)o] 4]
= =4[] 9Fo) WSlolq WAE sk ok

Folae] wal{v] e wet A7 Wik S A
QA7) 2R AlojAlzElolA] T Elojof sl 47
A W7ol whe wiske 4l A @3 4 () A
(MAN, 2012).

e e

0—50% : 7;, =—0.1<E,;+85 6)
50—75% : T;, =—0.5 X E, +105
75—100% : 7, =—0.1X E,+75

0—-50% : 7)., =90 @)
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A @) 5713 31 95 Aol Ao R wEw
gste] NPID AJojAl2gle] Yia g5 A4e]
915} 71 o]tHMAN, 2012).
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l=————— 1, ee>0
vl - (12)

elsewhere

o714, K= oo mliols A%, g,le.e)i= oxje}
Sapo] WEke eI UAELE ay(> 12} ¢(-0)e] ut
1

ah= g4eolth.

LSS Ak del, fAds AR Jid

A HAS AT R g

A gt XH%“Jt ?—HHQ‘ v*} S ARE
(Jin, 2004). WHj= A2 wujQ} vhe wEjE ATkS)
44w wHfE ARESH(Jin and Joo, 2000). 52 =
ARo] AALE ARgell Al 27]0l= Z
4535 FEZ HASH
Michalewicz, 1991). -712}-2] D]—Ok/ﬁ < 98| Al=ere
AT GA|5H= Grefenstette (1986)2] AU 1=
9 719S ARG e 2He) f8A7) o Ao
A A= S HASH= dg|E M2k A83kc) (De
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*4%*94 ?—L S (7|3 A4S ALY ahe, Bf
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ol7|H, o= (K, K, K, a,, ¢, ¢;, ay c'eR®0
1, e(t) = A9 = qu 7P—4 Ex}i S 2
ZIE@Atoluf AREAIZY €0 Hfsl 2 Aol A<= 5004
7R ®HojRsE xI3ys)elnt.

NPID Ao} 7] 7Nk 4
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olaR e A,
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Table 13} ZFa1, 3-Way ®WH O] vy . 3} w .+ ZHZF
[-100, 0]o|tHAhn et al., 2014; Choi, 2008).
NPID Aoj7]e] o]= 7k 0.01<[K, K]<10,

Engine Load(RPM) Order E\(s) Ez(S)E-

RCGA with
ITAE Disturbance as a Engine Load

K, Ki, K, ap, cpy iy au, €a

Load Feedforwrd

| —

Yo . Tid
Load Dependent () Calculation of the Inlet Temperature () -

Set Value Changeable

.
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Fig. 1. Nonlinear PID temperature control systems with utilising engine load-following.
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Table 1. Heat Exchanger (HE) and engine data for
simulation

Descriptions Parameters Values Unit
Actuator gain K, 0.021

Actuator time constant 7, 3

HE gain K, 50

HE time constant T, 30

HE time delay L, 1 [sec]
HE disturbance gain K, 0.286

Pipe time delay L, 4 [sec]
Engine gain K, 1

Engine time constant 1 8

Engine time delay L 4 [sec]

Table 2. Tuned gains of the nonlinear PID controllers

K, K K, a, Cy C; a, (]

22970 0.0511 18.0086 32.8234 47.2768 0.1358 39.1390 52.7801

0.01< K;<100, 1<[a,,a,] <100, 0.00001 <[c,,c;.c;]
<1009]4] RCGA9] 916H EhA g Qe Table 2= B4
Aipolt). Ajol7] o5 25 I8 7] 78 [%]
ol RAE= Be A WA 295 2k 2

0

Y, ()5 80 [TIellA] 90 [T]2 S7HAI7IHA] A|o17]

set

0 [TClellAl 90 [T]=

04 = Zlofok ofuff Ak Wi O] o} Y4 A1 SHA|
28kt NPID A|o]7]2} LPID Ajo]7]9] /& HuE
Table 3°] A5}t LPID A|o]7] o]=2] 7% NPID
Alo17] o5 2T ue} FAS 2HAC 2 RCGAS
o]-ga] FxE ) LPID Alo)7] o5 K, K, Kj=
ZF7} {3.1699, 0.0949, 23.6526} 0]}

NPID #|©}7]7} LPID A|oj7|Ht}; 4b2 LHGES

Table 3. Performance for set value tracking of the NPID
controller and the LPID controller

Overshoot Peak Settling

[%] time [sec]  time [sec] IAE
NPID 0.69 25.73 55.86 357.87
LPID 3.40 22.72 93.80 393.81
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Fig. 2. Set-point tracking responses (80 [C] — 90 [TC]).
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Fig. 3. Disturbance rejection responses when load increased 75
[%] to 85 [%] at the high load with steady set-point 80 [°C].
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