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Traditional Design of a Traction Motor for an EV

Driving Requirements

Battery: Voltage & Power
Vehicle: Acceleration
Max./Cont. Speed
Max. Slope

f‘> e Max. Torque A
* Rated operation B

|Drawback 1: ‘ Driving requirements define only 3 operation points to form a rough TN curve !

Operation points

* Max. Speed C

We want a complete target
TN curve that satisfies
all the driving scenarios!

Torque
requirement(Nm)

50

T—

100 150
Motor speed (rpm)

200




Traditional Design of a Traction Motor for an EV

Driving Requirements

Battery: Voltage & Power

Vehicle: Acceleration
Max./Cont. Speed
Max. Slope

Optimal Design

Torque
requirement(Nm)

* Maximize Torque

 Maximize Efficiency
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Motor speed (rpm)

|Drawback 2:

Optimal design at only 2 or 3 operation points !

We want the vehicle/motor
to be efficient for
all the operation points!
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Driving Scenarios

Battery: Voltage & Power
Vehicle: Acceleration
Max./Cont. Speed
Max. Slope

Optimal Design

* Maximize Torque
* Maximize Speed

 Maximize Efficiency

We want the driving scenario

is explicitly related to key
motor parameters !
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Specifications

® Vehicle type : Four-wheel-drive electric passenger car
® Motor type : Axial-flux permanent-magnet (AFPM) motor
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® Driving Scenario
(1) Maximum slope 35%
(2) Maximum acceleration under 40 km/hr
(3) Maximum cruise speed 120 km/hr on a 5% slope




Summary of Design Goals

® Driving Scenario

(1) Maximum slope 35%
" (2) Maximum acceleration under 40 km/hr

(3) Maximum cruise speed 120 km/hr on a 5% slope
(4) Battery power (20.4 kW) and voltage (380 V)

We want a complete
target TN curve that
satisfies all the driving
scenarios!

We want the vehicle
to be efficient

for all the operation
points!
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We want the driving scenario
is explicitly related to the key
motor parameters like back emf
constant & phase resistance !
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Traditional TN Curve vs. Target TN Curve

* Traditional TN curve * Proposed Target TN curve
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Target TN Curve — Zone |

* /one | : constant torque zone ® Proposed Ta rget TN curve
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Target TN Curve — Zone 2

e Zone 2 : max. direct current zone  * Proposed Target TN curve
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Target TN Curve — Zone 3

» Zone 3 : max. phase voltage zone ¢ Proposed Target TN curve
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Target TN Curve Boundaries
Determined by motor equations and modulation index

* Motor equations * Proposed Target TN curve
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\ﬁli?gnﬁetic Circuit Model/and Motor Sizing Equations

Design Parameters 2D Magnetic Circuit Model Motor Sizing
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* Objectives
— Minimize motor weight
i ~ 120 ETP-75 NEDC JCo8
Min. W=VVS+VVT+WW EIOO
— (Proposed) Minimize energy loss during driving cycles é -
i
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FTP-75, which is the Federal Test Procedure defined by the US Environmental Protection Agency; NEDC, which is known as
New European Driving Cycle; and JC08, which is a new Japanese test cycle.
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ulti-Objective Optimization Results

]
Case

Motor weight (W)
. FTP-75
Weighing Energy loss NEDC
factor JCO8
Rated efficiency (n,)
Weight (kg)

Energy loss (kJ)

Efficiency (%) @ rated speed
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Lo, (HH)
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Which is more important ?
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Optimal design
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Energy Loss Analysis
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* We proposed a driving-scenario oriented Nt Optimal design = o
optimal design of an AFPM motor for electric e ' oo
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* The driving scenario determines a boundary of
target TN curves.

Torque(Nm)
B

 The target TN curves are related to the ranges of .| Optimal design’
the phase resistance and the back emf constant D ¥
of the motor. speed (rpm)
140 Pesk
* We optimize the motor by minimizing the 7 - - - Continuous

Rated point

energy loss of all the operation points of driving
cycles, instead of one rated operation point.

Torque (Nm)

* This is a novel and systematic design process of a
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traction motor for electric vehicle. speed (rpm)

Thank you for your attention!




