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No discussion of the PMSM and inverter/converter would be complete without a description of the 
cooling system that serves both.  The cooling system is comprised of a 12-V electric pump (344 g), four 
5/8-inch hoses, and a small, lightweight radiator.  A single radiator structure, weighing 2.05 kg, serves 
both the engine and the hybrid subsystems including the PMSM and the inverter/converter.  The portion 
of the radiator serving only the hybrid subsystems has (1) a mass estimated to be ~0.55 kg, and 
(2) dimensions of 16 mm X 706 mm X 101 mm for a total volume of 1.14 L.  Figure 5.10 shows the 
radiator after being separated from the air-conditioning condenser that was located behind it.   
 

 
 

Fig. 5.10. Radiator for Prius engine (upper) and hybrid subsystems (lower). 
 
5.3 CONVERTER COMPONENTS 
 
Due to recent, high interest in converter design, additional details are provided on the 2004 Prius voltage-
boost-converter circuit.  The general circuit diagram in Fig. 5.11 shows that the converter contains two 
IGBTs and two diodes instead of one of each.  This allows for two-way power flow – battery to integrated 
power module (IPM) and IPM to battery.  During periods of maximum power demand from the 
IPM/PMSM system, the converter provides ~20 kW and the vehicle generator supplies ~30 kW.  This 
power split allows a reduction in size of the high-cost HEV battery and the converter.  Therefore, the 
power rating of the converter is ~20 kW, not 50 kW.   
 

 
 

Fig. 5.11. General circuit schematic of the Prius inverter. 
 

Figure 5.12 shows the disassembly of the IPM.  Figure 5.12(a) shows the gate-driver board with a 18-pin 
connector on the left, Fig. 5.12(b) shows the EMI shield located immediately below the gate-driver board, 
and Fig. 5.12(c) shows the IGBTs and diodes.  The gate-driver board contains circuitry that includes 
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