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The m

ain aim
 of this project is to develop rare earth-free traction 

technologies
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Specific pow
er

kW
/kg

3.31
> 4.3

Peak value, 
active parts 
only
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er density

kW
/l

-
> 8.0

Specific torque
N

m
/kg

6.3
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Torque density
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kg
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< 44.6
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kW
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kW

Peak Efficiency
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97%
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200 kW
 KPIs

Benchm
ark 

Tesla S 60
ReFreeD

rive 
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PM
a-SynRel

Pure SynRel
IM

 D
CR

Specific peak pow
er 

(kW
/kg)

3.31
4.3

3.8
5

5.4

Peak pow
er density 

(kW
/liter)

7.89
8

17.7
22.1

30.6

Specific peak torque 
(N

m
/kg)

6.32
8.2

7.9
6.9

7.7

M
axim

um
 speed 

(rpm
)

14,500
15,000 -
22,000

17,500
16,000

15,000

Peak efficiency (%
)

92
96

96.4
96

92.7*

* low
erthan

theoreticalresults
due

to
softw

are issues
during

testing
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Efficiency
PM

a-SynRel
Pure SynRel

IM
 D

CR

H
ighw

ay Fuel Econom
y Test (H

W
FET) 

driving cycle
88.7%

86.5%
86.1%

U
rban D

ynam
om

eter D
riving Schedule 

(U
D

D
S) driving cycle

89.0%
85.3%

86.3%

Environm
ental Protection Agency (EPA) 

driving cycle
88.9%

85.8%
86.2%

Including
m

otor, inverterand gearbox
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Life C
ycle Assessm
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Environm
ental Im
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parison 

of R
EFR
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IVE m
otors against 

current autom
otive electric m

otor 
(N

dFeB
 perm

anent m
agnets)

200kW
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50%
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56%
52%
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Techno-Econom
ic Assessm

ent 

All ReFreeD
rive

m
otors show

 
significant low

er production costs
com

pared to benchm
ark Tesla M

odel 
S induction m

otor, and to rare-earth 
PM
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Techno-Econom
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ent 
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Losses vs Cost tradeoff
O

bvious that our ReFreeDrive
m

otor 
alternatives w

ill never surpass the rare-
earth PM

 m
otor total driving efficiency for 

a given pow
ertrain configuration. 

But, as the battery price w
ill decrease in 

som
e years, our cheaper m

otor solutions 
w

ill becom
e viable econom

ically, w
hen the 

efficiency lost by a cheaper m
otor 

technology can be offset through higher 
battery capacity.
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The
induction

m
otor

w
ith

die
cast

or
fabricated

copper
rotor

can
provide

high
torque

for
SU

V
applications.The

technology
can

also
be

used
as

a
low

-costsolution
for

secondary
traction

units
notintended

to
operate

forthe
fulldriving

cycle.

The
synchronous

reluctance
m

otor
w

ith
ferrite

perm
anent

m
agnets

achieves
high

torque
and

com
petitive

efficiency,and
the

low
costofferrites

reduces
series

production
costs.This

w
ould

be
a

suitable
option

form
idsize

cars.

The
pure

synchronous
reluctance

m
otorrepresents

a
very

cost-effective
solution.The

absence
of

perm
anentm

agnets
and

copperw
indings

in
the

rotorm
akes

ithighly
m

aterialefficientand,because
ofoptim

ized
rotorgeom

etry,itcan
achieve

reasonable
pow

erdensities.This
type

ofm
otoris

suitable
forsm

allercity
cars

forw
hich

cost,notpow
erdensity,is

the
m

ostim
portantfactor
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utlook

>25 M
io BEVs per year produced globally in 2030 -N

eed to 
substitute critical rare earths to assure supply base in EU

 
M

arket D
em

and

K
now

-H
ow

Technology 
C

om
parision

C
osteffective

G
reen &

 
Sustainable

R
eFreeD

rive
investigated 3 different drivetrain solutions as 

alternatives to rare earth PM
 m

achines.

R
eFreeD

rive
drivetrain solutions show

 acceptable perform
ance at 

low
er cost ratio for m

ass production.

R
eFreeD

rive
solutions show

 a significant low
er environm

ental 
im

pact com
pared to N

dFeB
PM
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otors.

Know
-how

 generated in project developm
ents for follow

-up on 
academ

ic and com
m

ercial level
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w
w
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ElectricD
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w
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pany/11805543


