
Modern aircraft, missiles and 
space vehicles employ a large 
number of electric motors 
and actuators. While the basic 
design of these motors is in many re-
spects very similar to that of their au-
tomotive and industrial counterparts, 
motors for aerospace applications dif-
fer significantly in some areas.

Similar to automotive motors, the 
specifications for aerospace motors call 
for a wide operating and storage tem-
perature range. For our discussion we 
will focus on electronic temperature 
specifications, as most electric motors 
would fall under those specifications. 
MIL-STD-810 is the primary environ-
mental standard for U.S. military equip-
ment. Military equipment can encoun-
ter ambient temperatures as low as 
–61°C; the high temperature limit is 
often determined by the mounting 
location of such equipment and it may 

require ambient operating 
temperatures well above 
100°C. Aircraft can ascend 
or descend from sea level 
to 40,000 ft — or even higher 
in just a few minutes where 
they can encounter temper-
ature changes of Δ80°C or 
more. Space vehicles may 
encounter low tempera-
tures near the absolute zero 
of minus 273°C and very 
high temperatures when 
they are exposed to direct 
sun exposure and, again, 
the operating temperatures 
can change very rapidly. In 
some extreme cases, electronics and 
actuators may even have to be heated 
or cooled to allow them to operate in 
these harsh environments.

Not only must aerospace motors 
withstand these temperatures and 

these repeated rapid temperature 
cycles; they must also endure them very 
reliably over a very long period of time. 
Typical military storage requirements 
are 20 years of shelf/storage life, while 
the actual operating life may be shorter. 
Space vehicles, on the other hand, may 
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be designed for lifespans well beyond 
those — a formidable technical chal-
lenge. The very long shelf and operat-
ing life requirements place limitations 
on material selections, bearing grease, 
magnet materials etc., that we do not 
normally encounter in industrial — or 
even automotive — applications.

The closest to the aerospace markets 
are automotive actuators and motors 
which are designed to very high stan-
dards and generally tight specifica-
tions; but even those do not compare 
to the shock and vibration require-
ments that are typically required for 
aerospace motors designed to con-
tinuously handle extreme shock and 
vibration environments.

The main difference between these 
motors is rooted in the application 
itself. Most aerospace systems pro-
vide for redundancy, where each sys-
tem has at least one backup system, 
which is very occasionally, but rarely, 
encountered in automotive or indus-
trial systems.

It is in fact this design feature that 
differentiates the two applications the 
most. In order for a backup system to 
function, it is important that, if a fail-
ure were to occur, such a failure must 
not interfere with the operation of the 
backup system. Thus, a potential fail-
ure that can lock up the whole actuator 
mechanism is unacceptable.

Therefore, much of the design effort 
for aerospace motors focuses on “safe 
failure modes” that will allow the 
backup system to take over without 
interference, if required.

Therefore the magnetics of a motor 
must be designed such that a winding 
short will not “lock” the rotor; rather, 
the rotor must be able to spin — even 
when such a major failure occurs. 
Therefore, aerospace motors are often 
induction motors or reluctance motors 
where the rotor will spin freely in case 
of a winding failure or, if permanent 
magnets must be used, these will often 
be embedded so that the magnetic cir-
cuit limits the short circuit currents 
and forces.

Along these lines, critical aerospace 
motors are often designed as 4- or even 
five-phase count motors, which can 
allow for continued operation — even 

if a single phase becomes inoperative.
Weight and efficiency are other 

important considerations for all 
aerospace motors. The designer will 
try to minimize weight by removing 
any unnecessary magnetic mate-
rial. A significant design effort can 
be spent on analyzing the magnetic 
requirements (flux), as well as the 
mechanical strength and optimizing 
the design for minimal material con-
tent, including the very challenging 

operating environment. It is not 
uncommon to spend many months 
fine-tuning an aerospace motor 
design for mechanical strength and 
endurance at minimal weight and 
volume, as opposed to an automo-
tive design that is mostly cost-driven.

To achieve highest strength and effi-
ciency, aerospace motors will employ 
different material choices compared 
to automotive motors. For the lami-
nation steel, designers will often use 
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Hiperco steel, which has much higher 
mechanical strength and better mag-
netic properties (higher flux density, 
lower losses) than comparable indus-
trial/automotive lamination steel. But 
it will cost orders of magnitude more 
than common laminations. Also, the 
use of titanium (high strength and 
very light weight) is common in aero-
space motors. Titanium has one added 
advantage: it is truly non-magnetic 
compared to “non-magnetic” steel 

which does have magnetic proper-
ties which can result in losses in the 
motor — especially at higher RPM.

Another important difference 
between aerospace motors and 
industrial/automotive motors is that 
military applications and, in some 
cases, commercial aircraft compo-
nents restrict the country of origin. 
Much of the underlying technology 
base is classified or ITAR-restricted 
at best, and cannot be shared with 

many low-cost-producing countries. 
It therefore should be no surprise 
that aerospace motor are significantly 
more expensive than their industrial 
counterparts.

One of the current challenges in the 
aerospace supply chain is the emer-
gence of counterfeit parts that are 
lower cost, but also often fail to meet 
the stringent requirements of the origi-
nal OEM components. This presents a 
great safety hazard, and to date there 
is no reliable way to ensure the ori-
gin of these parts in the supply chain. 
Unfortunately, this is not just a loss of 
revenue but also literally a matter of 
life and death. The U.S. Department of 
Defense and industry are working hard 
to find solutions. A BELT FOR ANY APPLICATION
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