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Requirements: 55 kW peak for 18 sec; 30 kW continuous; 15-year life

e Technical Targe

Power Electronics (PE)
($/kw) | (kW/kg) | (kW/I)

Electric Traction Drive Systems (ETDS)

Reduce Reduce Reduce Red;::r:n:rgy
Cost Weight | Volume orag
Requirements

Specific Power

( SCICI)RItV) Power Density Efficiency (%)

(kW/kg) (kwW/1)

Electric Motors (EM)
($/kw) | (kw/kg) | (kw/l)

From US DOE APEEM Progran



$1,400.00

% = DO E %Eg gﬁ}:&$ E *’]—z e Current technology | ;:ost reduction due to

$1

$1.00000 (”Research funding
il L\zozo target technology

| e

SEO0.00 - g - — )
5 $6/kW 2025 EDT system target 2025 target technology
2025 GOAL: Reduce the cost of electric drive system to $6/kW
$200.00
(50% decrease from 2015 baseline)
5
——C TR P /R&D Funding to 2020 e W /RED Funding from 2020 to 2025

From US DOE EDT Program Note: 100 kW EDT system & 100,000 unit annual production volume
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Cost analysis

R&D emphasis

Cost analysis R&D emphasis

On-road 80 kW Motor

Research motor design concapts that gliminate \

rare-earth magnets - IM, SRM, etc.

{

Manufacture Price: $938

Bearings 11 Rotor magnet

Stator Iron

Rasearch motor design concepts that reduce
rare earth content

9%

Stator Copper
10%

{

Develop and refine less expensive magnets —
ALNICO or ferrite

Insulation
1%

18% Housing

I I
|

Housing
18%

Develop advanced scalable packaging designs
& materials to reduce losses, improve heat
removal, and increase efficiency

10% Stator Copper

Rotor lron

8%

9% Stator Iron

Evaluate higher speed strategies to reduce
volume and mass

J
)

s
L

Specific cost: $11.73/kW

Integrate less costly, low loss materials

]

2020 target: $4.7/kW 6% Rotor Iron

Total 43%

From US DOE APEEM 2013 Report

Utilze WBG devices for high emperature operation
& increase efficiency to reduce cooling system
requirements

1

On-road 80 kW Inverter
Manufactured Cost: $1,092

Current

Housing & sensor
Heat Sink . 2%

5%

-

Reduce heat loss & improve heat transfer with
improved packaging materials and heat exchangers

‘L

—Assembly
) 4%

Y] F ower Module ‘I

Integrate designs b minimize components

e,

Integrate gate driver, isolation circuit, and fault logic

30% Signal Circuits to match WBG peformance

Capacitors

-

14%

Implement advanced circuit designs to reduce
capacitor requirements

)

Improve capacitor performance characteristics J

J

Capacitors

Specific cost: $13.65/kW
2020 target: $3.3/kW

Reduce the size and bulk of the dc bus with a novel

Bus Bars heat blocking strategy
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Overmolded modules and double-side cooling: a future generic feature?

« Overmolded modules
were first used due to

their low cost,
especially in  hybrid
vehicles.

* Double-sided cooling
allows better thermal

management  in a
reduced volume, which
is a key constraint in
hybrid vehicles.

* On the other hand,
with the increase in
junction  temperature,
thermal management is
also key for fully
electric vehicles.

---3k H Yole APEC2017

Level of electrification / Power of the module
A

BEV
Mﬁj;)r companies already have overmolded double-side |
i cooled modules in their portfolio
e
PHEV / A
// \ Other
/ ,f |\ companies
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Full HEV / (nfineon
/' TOYOTA
sEMIKRON
Mild HEV
Cost
| reduction
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