
Are Induction Machines a Viable Alternative?

EV PROPULSION:

As specialists in electrified powertrain development, 
Drive System Design (DSD) has over a decade’s 
experience working with customers at the forefront 
of vehicle electrification. These collaborations put us 
in a great position to objectively assess the variety of 
technology available to OEMs. The accepted industry 
view is that the higher efficiency and power-density 
of permanent magnet (PM) machines mean they are 
preferable for EV propulsion applications. 

However, our recent research has revealed that for some 
vehicle applications, an induction machine offers lower 
overall energy consumption at a lower cost.

Challenging accepted wisdom
This may seem counter-intuitive, but it occurs because 
despite the PM machine’s advantage in peak efficiency 
for some drive cycles, the induction machine is 
operating in its higher efficiency regions more often 
than a PM machine. 

This is an important conclusion as the projected energy consumption drives the specification of the battery 
capacity, which has a huge implication on the total system cost for an EV powertrain. To provide the consumer 
with the lowest cost vehicle, a powertrain that delivers maximum efficiency across the whole usage profile, rather 
than at a particular operating point, is required.

Apart from minimising battery costs, it is also important to reduce the cost of the electric machine’s raw 
materials. To reach high power densities, PM machines are manufactured using rare-earth materials, and an 
acceleration in global demand is rapidly pushing up prices or leading to price-volatility. In the recent past, some 
rare-earth elements saw a ten-fold price increase within a year. A slim profit margin, typical of the automotive 
industry, can be instantly wiped out by such increases. Because induction machines have no rare-earth content, 
they are immune from these wild price fluctuations.

Despite these potential benefits, induction machines are widely shunned for EV propulsion because of their lower 
peak efficiency and larger volume and mass. At DSD we set out to explore the viability of a high efficiency, high 
specific output induction machine as an alternative to permanent magnet topologies for future traction systems.

Our approach
One of the key elements in our approach was the use of ePOP (electrified Powertrain Optimisation Process), 
our in-house concept architecture selection tool, to allow unprecedented insight into multiple powertrain 
configurations, potential trade-offs, and areas needing development. ePOP indicated that high specific 
performance induction machines had the potential to achieve the required vehicle performance and efficiency 
targets. The challenge was then to achieve the required performance through techniques such as optimising 
rotor integrity at high rotation speeds and maximising thermal management techniques.

Within a given machine topology, there are a number of key parameters (e.g. rotor maximum speed, rotor pole 
number and stator slot per pole per phase) that influence the output characteristics, including efficiency. Often, 
these parameters interact and varying one will impact multiple output characteristics to a lesser or greater 
extent. An in-depth understanding of the impact that varying any number of parameters has on efficiency 
at the vehicle level is key to selecting the optimum solution, and ePOP enables these relationships to be fully 
investigated.
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To objectively understand the influences of the various design decisions, the motor concepts were 
mathematically coupled to corresponding inverters and transmissions, incorporating an array of ratios to 
generate a system performance map. These systems were simulated through a typical vehicle drive cycle (WLTP 
3b in this case) to calculate the energy consumption. With a target vehicle range identified, the powertrain 
system (motor, inverter, transmission and battery) cost could be estimated. With so many combinations of 
powertrain, it was possible to interrogate the results to find trends in energy consumption that were not 
intuitively apparent, such as the influence of pole pairs and maximum shaft speed.

Unexpected results
Our analysis demonstrated that higher shaft speeds could reduce motor cost by enabling more compact, lower 
torque machines to deliver the same power output as larger units. However, this generated additional rotor 
and stator losses, presenting challenges for thermal management. It is therefore beneficial to understand the 
individual loss components (stator copper loss, stator iron loss, rotor iron loss, cage loss) when the machine 
is used in its intended application, because their relative importance may vary significantly depending on 
the dominant operating points. In the example studied, the stator copper and stator iron losses contributed 
approximately 80% of the total, so thermal management of the stator was identified as a high priority for the 
design.

In addition to thermal management, increasing shaft speed brings its own challenges because the mechanical 
loads increase by speed squared. Other rotor dynamics effects such as shaft whirling also had to be carefully 
considered. A detailed motor design comparison showed us that the options fell into distinct groups, overlapping 
in both cost and efficiency, from which it was possible to prioritise characteristics such as system cost and 
energy consumption and arrive at the optimum solution for a given application.

Vehicle efficiency metrics are often based on energy consumption over a drive cycle that represents actual use of 
the vehicle. Because these can vary significantly depending on vehicle category e.g. passenger car or commercial 
vehicle, it is highly unlikely that one machine topology will be the most efficient for every vehicle type.

The outcome
The induction machine design philosophy was incorporated into a study that included a number of PM machine 
designs. The results indicated that the induction machine options were more efficient than their PM counterparts 
overall, because they were operating in their higher efficiency regions more often than the PM machines, 
therefore the energy required to complete the drive cycle was lower.

Our research has demonstrated to us that induction machines could be as economically viable as their PM 
equivalents in some applications, while avoiding exposure to rare-earth material cost volatility. It is also possible 
that a combination of PM and induction topologies can be used to great effect within the same vehicle (e.g. in 
4 wheel drive applications) by optimally calculating the best load sharing strategy based on customer usage; a 
research area we may explore in future.
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