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Air Conditioner Drive System for Dual-motor EV Using Planetary Gear Transmission

Noritaka Matsuo

In an EV equipped with an air conditioning system that directly cools the entire drivetrain with refrigerant, energy consumption of a

conventional electric compressor system with integrated motor and compressor and a motor-compressor separated drive system in which

the power of two traction motors is split into for traction and for compressor drive by a planetary gear transmission was compared by

simulation, and the separated drive system proved to be better.
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Fig.-2 Normal Air Conditioner System of 1-Motor EV

=

Trr<m

Exp.Valve X

E

B
=3 M Mo alpM ?‘

£ T

P
D
P
)
G
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Table-1 Basic Specifications of Vehicle

Item Specs.

Vehicle Weight(kg) *xx] 750

Projected Front Area(m2) *3.2

Drag Coefficient *0.29

Coefficient of Rolling *0.01

Effective Tire Radius(m) #%%(), 346

2. W7 - BRENRFE T
O1%&—# EV
Table-2 Power System Specifications of 1-Motor EV

Component Parameter Specs.
Max. Torque(Nm) **310
Traction Motor Max. Power(kW) %155
(IPMSM) Max. Speed(rpm) *%13,500
Max. Voltage(V)/Current(A) 390/480
Battery Nominal Voltage(V) F*%39()
Internal Resistance( Q) *0.12
Inverter Efficiency *0.95
Decelerator Gear Ratio *%2.852
Transmission Efficiency 0.96
Final Gear Gear Ratio **3.746
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Fig.-6 Efficiency Map of the Traction Motor
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Table-3 Power System Specifications of 2-Motor EV

Component Parameter Specs.
a 3.5
DPLG Gear Ratio 8 15
Gear to Gear Eff. n1,23 | 098
Max. Torque(Nm) 260
Traction Motor(x2) | Max. Power(kW) 80
(IPMSM) Max. Speed(rpm) 8,000
Max. Voltage(V)/Current(A) 390/290
Final Gear Gear Ratio 6.521
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Fig.-7 Efficiency Map of the Dual Traction Motor
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3. 22k
Table-4 Specifications of Cooling System

Item Parameter Specs.
Cooling Performance Rated / Max(kW) 8/16

Rate of Cooling(%) 80

Speed Range (rpm) 1,000-7,500
Compressor Max. Torque(Nm) 32

Max. Power (kW) 8

Gear Ratio 1:1

*Total Motor Eff. ( 77,) 0.88

**Applied to 1-Motor EV only, assumed by referring to a technical report

on compressor motor.®
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Fig.-9 COP Characteristics of the Variable Volume Compressor
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Fig.-10 Power Map with a Compressor Driven by Sun Gear L
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Fig.-14 Collinear Diagram of DPLG for Constant Speed Driving
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Fig.-16 Comparison of Power Consumption of the Four Systems

B 4 1E (Okm/h) & bR & SRS FRAR 1T B EATRERE Y 72 0
DOEE BN EZBEWRT 2 ETEEGWHkM) % |, HH {2 11
oD APRBEAIZIHEE (kW) AR, £7-KRI1Z1T—% EV %
FIX2E—% EVO3LEERLTNS.,

F9 2EF—# EVRALAEKT 2. 10km/h 38 X O H

IETIE 2M-SD (T = > 7 b Bl B A3 O R] i d (K 5ok
1,000rpm (23 L2V 2 O 2T R AT Th 5.
F 72 2M-CM (X ZEFIAET 52 $ O OWEE 11X 2M-SM &
D 14%FEE %< 72 %, 10km/h CIEK-14127 T X 512 2E
—& BV TIXE—# B3 NTills, ©—% A TR EHEE L
72 % E2M-CM TiL 2M-SM (TR o 7 L P FE DM
DTHEAZED O T Ly PER ML BREL,
ZORERET—H A, B O L7 OHERHE b K& <20 EH
HENRKE L 25, FHHICE 59 2M-SM 12 2M-SD iZ
HEARERBEDSENLTEY 30km/h TEDOEF T1%E 725,
ZHUE DPLG I & 0 2 5D F— & T % feim il L 7= ik 5
ERLTENTED.

WIZ IM & 2M-SM % Lhig 9~ % & B 5 1k IRp 3R] 2
10km/h T IM 2% 1%E 4 5 A% 30km/h, 60km/h, 90km/h C
1% 7%, 120km/h TiX 10.6%. % 2M-SM MEAIL TN S,
120kmvh TOVHEET) & IBRREI DR A R-5 12T
Table-5 Breakdown of Power Consumption at 120km/h

Part Item 1M 2M-SM
Speed (rpm) 9,829 8,000
Mechanical Output ( kW) 28.14 18.72
*Motor-A Total Efficiency 0.833 0.897
Electrical Input (kW) 33.77 20.94
Required Cooling Performance (kW) 4.51 1.72
Speed(rpm) *3,500 4,000
Mechanical Output (kW) *4.77 13.05
*Motor-B Total Efficiency 0.88 0.917
Electrical Input (kW) *5.43 14.24
Required Cooling Performance(kW) 0.522 0.945
Battery Internal Loss by Current(kW) 1.17 0.901
Required Cooling Performance(kW) 0.934 0.721
Drive-Train Required Traction Power (kW) 27.01 27.01
Transmission Efficiency 0.96 0.985
Required Cabin Cooling Performance(kW) 8 8
Total Electric Power Consumption (kW) 40.36 36.08
Total Cooling Performance(kW) 13.99 11.34
Speed (rpm) *3,500 4,000
A/IC Mechanical Drive Power (kW) *4.77 4.44
Compressor | Electrical Input (kW) *5.43 4.84
COP 2918 2.565

*In the 1 M, motor A corresponds to the traction motor and B to the compressor motor respectively.
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Table-6 Simulation Results of Power Consumption in WLTC

Parts/Performance 1M 2M-SM

System | Power Consumption(kWh/km) | 0.237 0.219
Motor-A | Ave. Output(kW) 3.89(7.99) 1.83(3.72)

Ave. Loss(kW) 1.00 0.420
Motor-B | Ave. Output(kW) 3.22(3.22) 5.05(6.32)

Ave. Loss(kW) 0.44 0.59
A/C Ave. Driving Power(kW) 3.22 3.20

Ave. Cooling Performance(kW) 9.26 8.91

Ave. COP 2.88 2.79

(): Average of the absolute value of the outputs
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