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Nonlinear PID control for the glycol temperature control of a regasification system

for LNG-fuelled marine engines
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Abstract: There is an increasing need to develop eco-friendly vessels and engines as regulations on greenhouse gases emissions
become more stringent around the world. This study proposes a nonlinear proportional-integral-derivative (PID) controller that
regulates the outlet temperature of glycol in the liquefied natural gas (LNG) regasification system for LNG-fuelled marine
engines. A modified nonlinear PID controller using filters for derivative action was used to overcome the limitations of ideal
derivative action; the controller was designed by considering saturators commonly encountered in the field. Each nonlinear gain
of the proposed controller was implemented as a simple sigmoidal function that operates to produce a scaled error, and the pa-
rameters included in the nonlinear function were optimally tuned to minimize the integral of time absolute error performance
index using a genetic algorithm. The proposed method was applied to the temperature control of glycol in the LNG re-
gasification system for an LNG-fuelled engine to confirm its effectiveness compared to two other methods.
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Figure 1: LNG regasification system for a main engine

12159 -163°C NG HPHEZE <F 250-300bar7}A4] 5
shelo] aLgh S7IE XA 45~50°C9] 7k AJEE A
3tEl & BAPEAE B QR Addde FgETh olu)
LNG+= 4ujA|el 2] FH(glyco)ZHEH 48 FaA
ol gk 2x}5el A= INGoHY] fagtow sl =7t
stolzl Z8EFS dudy)oA thA| 7td e oju ~HE
SERE 48 TFEA Hed 1 g Aoy 2s
£ ®rol F718HA wiH e o3| AolEth o]l EFH
e AFAEE AT (current to pressure; I/P) W37 E A

AWA T71 AE 2 WAEkE I, o] F7|Yo] tholefrt
B ol §lE E o o] H9E doA 2" F&
4%t}

Figure 2= =54 HP #>x¢}

RojF

EISIPR

=

Figure 2: Cryogenic HP pump and vaporizer (HHI)
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Table 1: Parameters of the plant

Parameters Value
K 5 [kPa/mA]
K, 0.08368 [kW/kPa]
T, 3 [sec]
K, 2.98757 [°C/kW]
Ty 30 [sec]
K, 0.2 [mA/°C]
Ts 10 [sec]
Ky 1
L 1.5 [sec]

Table 2: Tuned controller parameters

Methods Controller gains
k, ki ky Remarks
ao= 0.815
Proposed 33.64 | 0.389 |226.658 a= 0.6
ar= 0.56
k,=69.7
TL-LPID 31.68 | 0.408 | 177.2 Pa=35.22
ao a b() bl Co C]
K-NPID
32.13 | 32.38 | 0.351 | 0.530 | 151.4 | 17.59
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Table 4: Set-point tracking performances Parameter changes

Set-point tracking performance
M| tIs] | s | 4l | 1AE

Proposed 54.24 4.47 80.79 | 1442 | 27.79

Tuning
Methods

TL-LPID 66.34 4.59 89.73 | 15.29 | 32.69

K-NPID 64.63 4.47 86.47 | 14.68 | 30.99
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Figure 10: Step responses and saturator outputs under dis-
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