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Improvement of Submarine Cooling System using HILS Simulation
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Abstract

Owing to rapid development of power device and inverters, most of submarines adopt an eletric propulsion system, Although
PMPM(Permanent Magnet Propulsion Motor) propulsion system has relatively higher power, energy conversion efficiency and smaller
volume than engine propulsion system, it also produces large amount of heat due to current flowing inside motor coils and change of
magnetic field induced by iron core, The produced heat in stator and inverter largely affects motor efficiency and bearing lubrication
and causes thermal aging while the system is on operation, So, we analyze the existing cooling system and submarine ESS (Energy
Saving System) cooling system whose power consumption is reduced. HILS(Hardware In the Loop System) technique is used for the
modelling of the submarine cooling system, To confirm the ESS cooling system characteristic, HILS is simulated using LabVIEW with
hardware, As a result, the ESS cooling system has the characteristic of better temperature stability and less power consumption than
the existing one,
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Fig. 2 Submarine cooling system
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Table 2 The heat loss data in the motor & inverter

Motor speed

Stator losses

Inverter losses

[RPM] [kw] (kW]
0 0 0
10 2 1
20 4 4
30 7 7
40 11 11
50 15 17
60 21 22
70 29 29
80 40 37
0 53 46

100 67 56
110 83 68
120 101 82
130 120 99
140 140 118
150 160 140

Table 3 The coefficients using regression analysis

Coefficients Motor (stator) Inverter
a —0.0000000001 —0.0000000008
b —-0.0000003944 0.0000004937
c 0.0001283565 —0.0000722171
d —0.0048816689 0.0082332599
e 0.2757337454 0.0420113937
f —0.1702793945 —0.009287967
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