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Control Algorithm Development for Design of Cooling System

in High-power Propulsion Motor
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Abstract: In this paper, a cooling system of high-power propulsion motor with Energy
Saving System(ESS) is described. Normally, the cooling system for ship consists of
fresh water pump, sea water pump, 3-way valve and cooler. In the cooling system,
F.W(Fresh Water) and S.W(Sea Water) pump is operated on rated rpm, and the 3-way
valve is controlled for preventing over-cooling. So, the consumption power of pump’s
motor is changed according to a sea water temperature. In the proposed cooling system,
F.W. pump and S.W pump is controlled by inverter, and it is can be reduced the
consumption power. Also, it is proved with simulation.

Key words: Fresh Water Cooling System, Energy Saving System, Cooling Mode,
Optimization of Cooling system, Simulation
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Service name : No.1,2 mian C.S.W pump

“Type of pump : Centrifugal pump(DB350VID3)

Motor spec. : 98 kW , 6P, 440V, 159.9A, 3Ph, 60Hz

Rated conditions : 21.670 m’/min. 18m , 1160rpm, 98.0kW

O : Pump performance curve
L : Shaft power curve

R : Resistance curve

E : Pump efficiency curve

Figure 3: Curve of pump efficiency
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INITIAL DATA

- FVP : Fresh Water Control Valve
— MAX_FVP : Position of fresh water control valve
for maximum closed to bypass-line
— FWT : Fresh Water Temp
— SET_FWT : Set Temp
= INV.F : Inverter frequency
= MIN_SWP : Minimum SWP for prevent a back flow
= MIN_INV.F : Minimum frequency for inverter
— SWP : Sea water output pressure for overboard LINE

_>{

READ DATA

Decreased load,
NO Increased Temp
Increased load,

YES Decreased Temp

INCREASE
INV.F

KEEP DECREASE
MIN_INV.F INV.F

¥ ¥

¥

OUTPUT INV.F

Figure 4: Cooling system algorithm

Table 2: Control contents in cooling system

EA Target Operation
range
. . 60~100%
SWP/P | 4 First Cooling (Max. RPMD
F.W P/P Second Cooling Set Point
V/:))\;\(Alé‘ayW) 4 |Optimization Temp. 0~90C
Table 201 Q15 A3} o] 17)FAMute] 1
& BEHOE Fsl] st &3k 717
LSRR, ASEE WE So) . B A
M A7FFA9e] g H el AAF oz
Aol #els7] A8l Figure 201 TAIEH A ojA]
N R ECELEVER TS



198 2

FEALE YA S A&sher] %EHHE— s
A AEAPE Falof drh HeddS AAl
23 frArstAl Aasfor o HlE SHA
TAZE Bk ol F53t7] flste] 41 Al el
AL Fate] AN LS AAS Foll ths T
B FARYPY APHAAE P55t HEAHE F
g sz} ot

2 dAFolA= Figure 2, 3, 4& 7|¥le=
LabVIEWE ol&3ld AlEd oS st

2 WA 2"-s AA ST Figure 63 Figure 7
2 ANEFA AR AEY oA ZT2OHWE
Ebdi ).

Heat Loss, F.W Outlet Temp

+ S.W Flow |
F.W Flow F.W Flow

S.W

Pump J (o ers
F.W
Pump

Pump F.W Flow F.W Flow p—
F.W Temp F.W Temp

Cooling
Eomrom ||| water Fiow
. Cont. V/V

Flow Cont. V/V

Reference

Inverter
Motor

F.W Temp.

Heat Exchanger
F.W Temp.

Figure 5: Block diagram of cooling System
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Table 3: Specification table in simulation

Value
0.85k W, 8m*/h
7.5k W, 23m>/h
0.85k W, 8m>/h
7.5k W, 23m*/h

Name
No.1 F.W Pump

No.2 F.W Pump
No.3 F.W Pump
No.4 F.W Pump
No.1 S.W Pump 3kW. 20m>/h

No.2 S.W Pump 3kW. 20m*/h
Heat Exchanger (UAs) 28

Outlet S.W Temp. 30°C
Set Inlet F.W Temp. 37C
Set Outlet F.W Temp. 47°C
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Table 4: Condition of control point

S.W P/P On/Off Step Non-step

F.W P/P On/Off Step Non-step

Cont WA | Fixed | Variable -
Cooling Water s . _
Flow Cont. V/V Fixed | Variable
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S.W Pump Flow for Pump Control

—S.W Flow (OniOff)
SW Flow (Step) ‘ ‘
80| ---S.W Flow (Non-step) ]

* Motor Speed (RPM)
S.W Pump Power Consumption for Pump Control
—Power Consumhon(On/‘”ﬂ

Power Consumtion(Step)
-=-Power Consumtion(Non-step)

Power Consumption (kW)

L

Motor Speed (RPM)

E]

Figure 7: S.W Pump power consumption
by motor speed (pump control)

and flow

F.W Pump Flow for pump Control

—F.W Flow(On/Off)
80| F.W Flow(Step)
---F.W Flow(Non-step)

?§ i

** Motor Speed (RPM) '
F.W Pump Power Consumption for Pump Control
—Power Consumption(On/Off)

Power Consumption(Step)
---Power Consumption(Non-step)

Power Consumption (kW)

150

&) 0o
Motor Speed (RPM)

Figure 8: F.W pump power consumption and folw
by motor speed (pump control)

Heat Exchanger Outlet F.W Temp. deviation for Pump Control

£} 0
Motor Speed(RPM)

Figure 9: F.W tenmp. deviation by motor speed (pump control)
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S.W Pump Flow for F.W Valve Control

—S.W Flow (Fixed) !
o L~"S.W Flow (Variable)

* Motor Speed (RPM) -
S.W Pump Power Consumption for F W Valve Control

—Power Consumption (Fixed)
--Power Consumption (Variable)

Power Consumption (kW)

50 l)
Motor Speed (RPM)

Figure 10: S.W pump power consumption and flow
by motor speed (F.W valve control)

F.W Pump Flow For F.W Valve Control
| |
oL~ F-W Flow (Variable)

o0

201

B Motor Speed (RPM) “
F.W Pump Power Consumption for F W Valve Control

—Power Consumption (F|xed)
---Power Consumption (Variable)

Power Consumption (kW)

|
00
Motor Speed (RPM)

Figure 11: F'W pump power consumption and flow
by motor speed (F.W valve control)

Heat Exchanger Outlet F.W Temp. deviation for Pump Control
T

—Temp deviation(Fixed)
---Temp deviation(Variable)

150

50 100
Motor Speed (RPM)

Figure 12: F'W temp. deviation by motor speed
(F.W valve control)

gt Al Yol F 8k ] A3dd A1, 2010. 1/ 199



200 QXA - A .

AEF ol Azt sFE Lo g F& A
o] WHZ Variable® A3 éwﬁ Fixed Al
el A 24.4%, FFHEZ 101% 22 JFH=Z
E o 57 } ssoLh, sl4Hme) 4v Aol
S Wold S el F 4 A LE HEE EF

FLEg s m ]

3S #FeEdu. g2 Figure 132 ESS e
52 489 35 P o5 Pxe) Ay any
< 100%2F 25w, On/Off Aol Step Ao Al
AYFE vepd oM Figure 145 35 2%
#3255 RPMel whet vebd Zelot,
Power consumption by control
400
S
g
8 300
[-%
3 B On/Off Control
5 200 1 B Step Control
8 D Non-step Control
5 100 1
H
o]
[-% 0 L
S.Wpump F.Wpump
Figure 13: Power consumption by control
F.W Temp deviation by control
5
=
£ 4
E
g3
a m On/OffControl
E 2 m Step Control
31 Non-step Control
w
0
30 70 120 150
Motorspeed (RPM)

Figure 13: F.W Temp deviation by control
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