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Development of Power Control Units for Hybrid Vehicles
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Recently, the hybrid vehicle market has been growing rapidly, and carmakers are planning to expand their lineup

of hybrid vehicles from compact vehicles to full-size vehicles. To make this rapid expansion possible, the Power

Control Unit (PCU) that controls the traction motors of hybrid vehicles is required both to be smaller in size in

order to facilitate installation in vehicles, and to have higher power output in order to meet the requirements of full-

size vehicles. To realize both of these targets, we have developed a PCU for the Lexus LS600h with higher power

output per volume through a significantly improved cooling design for power semiconductor chips by dissipating

heat from both sides of the chips.

Key words: Hybrid vehicle / Power control unit, Inverter, IGBT, Double-sided power module, Stacked cooler

1. FUBIC

I EBHIE, 2003 FD T ) T ZALREDNA
7 ) w F# (LLF, HV) 12 THS-II (Toyota Hybrid
System IT) Z 4% L C & 7. THS- I SHHE T V3 —
& & >0 MG (Motor/Generator) D % 4 % il #4 %
2H DA v IN— 42955 PCU (Power Control Unit)
4% %P Fig. 112 THS - I ® PCU [nl &k % 8 9.
IGBT (Insulated-Gate Bipolar Transistor) & FWD (Free
Wheeling Diode) D 2 fifHD & ) 3 ¥ F v 7T HAH| %
SN2 BOVERZ A o F oM Eh T\ 5,

PCUIE, =y o rvav8—F AV M hb -
ORI NENZ &, K @B kR &R 5 7=
OEMNITHE a2 BENDH S, FRE
LTk KRRk omt, >0 &gk
FoREh T3,

BEFD 7V ) vz v o VEREO il % HV L3 % 35
A, TVY YA VS— by bR A &
NTHD PCUDZAXR—Z &GRS B 0D 5. HV
TV YYaAVIS— b AV oo REARE A ME— D
ANy T THhH B, HEEL, A4—A T4
#BE)S 5 KBRS ZP ML, TV VD2
IZHBMENENZDTH S, PCUNEIINy TV &
FICLKEXELETHDRE, M/ Yy T U DOEHRN
EICN® B ZEnTE S, 3 % HEIEIZ 2006 -0
GS450h, # &L -4 Ty F, T AT 47 A
Ty FLEEZOFLEEK>THB?

LS600h F D PCU I34¢ 3k & [l U4 Tt Jifb 3t

RKEhThb, WhEEZ2EICH ET20E1H >
7z, VEDOHEELTY ) AV F 9 TOWS %8
RTF v TV A X ERELL LTEBEEEHMNS A
NWEEZHICH N EF2Z2e0nTES, L2ALIDK
5k FEIFF v T3 A LIRIEOMTH TERHATEET
H 3. LS600h DERM I #FEHT 5720121 F v 7
WD 200 A D%EH AT 5 &, At 40 fiE Ok
Fy TR EEESTULES ., AL, Fig. 210787 &
T, ThE 0%HKLT24MEL, 17y 74D D
RAENE 300A M EE$5Z L ARBEHEE L7,
EMAHKEELRICREMEL K500 ) a Yy
FoThEDRETHD., KA VIAVF v T %2
RICHAT 2 HEICERAL, YV avFy TEMH
25 WHIT B8 LIRS 2B L 2.

2. WEBB#/NT —FRF
Pk PCU T, vV 2V F v 7idFig. 31587
&£ 912 IPM (Intelligent Power Module) 1233 5,

650 V max.

i

288V

Battery

Boost
converter

Inverter 1 Inverter 2

Fig. 1 Simplified schematic of PCU
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Fig. 2 Chip count reduction
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Fig. 3 Intelligent power module
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Fig. 4 Double-side cooling concept
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Fig. 5 Double-sided power module
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Fig. 9 Exploded view of power stack
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Fig. 10 Cross section of cooling plate
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Fig. 13 Simulation of heat conduction
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Table 1 Test condition

Coolant Long-Life Coolant water solution
Concentration 50 wt%
Flow rate 12 L/min (total)

Heat dissipation 300 W/module
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Fig. 15 Thermal resistance experimental result @
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Fig. 16 The developed PCU
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Fig. 17 Comparison of power density
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