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ABSTRACT

In the mid 19'" century, the first electric vehicles were con-
structed. Since the early 20 century, they have progressively
been replaced by successors with internal combustion engines.
Nowadays, as the consequences of using fossil fuels are better
understood, our society is transitioning back to electric vehicles.
However, this transition is not without challenges. An electric
car should be at least as comfortable, safe and reliable as conven-
tional ones. Charging them should be fast and efficient, similar
to refueling at a petrol station. In addition, they are expected to
be sustainable and environmental friendly.

While the industry has long experience with high-voltage
electrical machines, the required battery technology is quite
new. Currently, the battery is the most costly part of an electric
drivetrain with the highest environmental impact. Thus, it
should be used in an efficient manner. However, most electric
vehicles today use high-voltage traction drives which require a
complex and expensive battery pack design.

In this thesis the author proposes a solution that breaks
with the electric machine design principles that have been
applied for more than a century. To increase the efficiency,
safety and redundancy while reducing the cost, a low-voltage
but high-current traction drive is proposed. This drive operates
with voltages below 60V and is designed to be powered by a
battery. Unlike common high-voltage traction drives, it uses
a single-turn winding and reaches a copper fill-factor of 0.84
on a small-scale 1.2kW prototype. With its MOSFET-based
power electronics, a terminal-to-terminal resistance of 0.23 mQ)
is achieved. This air cooled prototype was successfully operated
with drive currents up to 600 A under continuous operation,
resulting in resistive MOSFET losses below 21 W.

These measurement results and the trend of significant loss
reduction by more than 62 % between the first and second pro-
totype indicates the potential of such low-voltage high-current
drives. This work shows that for battery powered traction drives,
it needs to be questioned whether high-voltage designs are still
the best choice with today’s power electronics.
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SAMMANFATTNING

I mitten av 1800-talet kom de forsta motoriserade fordonen,
och de var elektriska. Men efter det, har dessa successivt ersatts
av fordon drivna av forbranningsmotorer som redan tidigt
1900-tal, blev totalt dominerande. Idag har samhallet battre
kunskap om konsekvenserna av att anvanda fossila branslen
som drivmedel. Nu kan vi se en gradvis 6vergang tillbaks
till anvdandning av elektriska fordon. Den hdr 6vergangen ar
inte utan tekniska utmaningar. Elbilar ska ha samma komfort,
sakerhet, tillforlitlighet och prestanda som konventionella bilar.
Laddningen ska vara snabb och effektiv pd ett sédtt som liknar
att tanka pa bensinstationen. Det forvéntas dven att de ska vara
baserade pa teknologier som dr héllbara och miljévanliga.

Sett till teknologiernas mognad sa har industrin lang erfaren-
het av elektriska maskiner i jamforelse med den batteriteknologi
som krévs for elbilar. Idag &r batteriet den komponent som kos-
tar mesti en elektrisk drivlina och har den storsta miljopaverkan.
Darfor ska batteriet anvandas pa ett sa effektivt satt som majligt.

I den hir avhandlingen foreslds en elektrisk motor som
bryter mot de radande principer som har tillimpats under ett
arhundrande. Den foreslagna motorn arbetar med 1ag spanning
men med hoga strommar i syfte att dstadkomma hog effektivitet,
sakerhet och redundans. Den hdr motorn drivs med spanningar
under 60 V och dr ddrmed béttre anpassad for att stromforsorjas
av batterier. Till skillnad frdn hégspanningstraktionsmotorer
sa baserar sig den framtagna smaskaliga prototypen pa en-
varvslindning med en fyllfaktor pa 0.84 och ar pa 1.2 kW. Med
MOSEFET-baserad kraftelektronik sa &r terminal-till-terminal re-
sistansen 0.23 m(). Den luftkylda prototypen har med framgang
kontinuerligt drivits med strémmar upp till 600 A. Forlusten i
MOSFET-transistorerna dr dd mindre &n 21 W.

Dessa matresultat samt den trend i férbattringar som visas
i den hér avhandling mellan forsta och andra prototypen, indi-
kerar potentialen som motorer som arbetar med lagspanning
och hog strom har. Det hir arbetet visar att for batteridrivna
traktionsmotorer finns det anledning att ifrdgasatta huruvida
hogspdnningsmotorer fortfarande ar det bésta valet.
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