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1. When specifying, start 
by determining the re-
quired torque at the gear-
box output shaft.

A gearmotor’s purpose is to 
act as a power transmission com-
ponent. As such, the two most 
important factors at the gear-
box output shaft are its speed (in 
rpm) and how much work it can 
do, as determined by the amount 
of torque it produces. Typically, 
gearboxes serve to take motor 
power, reduce its speed, and mag-
nify its torque. However, when 
attempting to size a gearmotor 
for a specific application, focus on 
the speed and available torque at 
the gearbox’s output shaft.

This is precisely the point 
at which many people want to 

concentrate on the motor input 
horsepower. However, designers 
really must start by determining 
exactly what torque is required 
at the gearbox output shaft, and 
then work backwards to deter-
mine the motor input horsepow-
er required.

Know the basics: The gearsets 
(or gear train) inside a gearbox 
provide a mechanical advantage 
that multiplies torque from the 
input side to the gearbox output 
shaft. This mechanical advantage 
is called the gearbox ratio, and is 
the number used to determine 
the torque multiplication from 
input to output. For example, 
a gearbox ratio of 30:1 means 
that the output side is about 30 
times more forceful than the 
input side. So, if a gearmotor 

must generate 30 in.-lb full load 
torque at its output shaft, then 
input torque must be 1.0 in.-lb. 
(This simple example does not 
account for the gear train’s in-
ternal losses as measured by its 
overall efficiency.) Once input 
torque requirement is known, 
it’s easy to calculate the required 
motor input hp needed, based on 
motor input speed.

Kim Kowalewsky, Leeson Electric

2. To increase energy 
efficiency, think carefully 
about motor type and 
gearing efficiency.

In some cases, it’s possible to 
significantly increase gearmotor 
efficiency by replacing a per-
manent split capacitor (PSC) ac 
motor with a permanent mag-
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requirements of your applica-
tion. Service factor is critical. 
The American Gear Manufac-
turers Association (AGMA) has 
plenty of useful information to 
help determine service factor 
needs for common applications. 
Disregarding service factor can, 
and often does, lead to the se-
lection of units that will not last 
as long as the engineer hopes. 
Think about this — a gearmotor 
operating a fan two hours per 
day sees a lot less stress than a 
rock crusher operating 24 hours 
per day. Even if the speed and 
torque requirements to move 
the respective loads are the 
same, the service factors applied 
to the torque requirement (and 
thus the resulting gearmotors) 
are very different.

While undersizing can lead to 
premature motor failure, over-
sizing is more of an efficiency is-
sue. The motor half of the gear-
motor is typically most efficient 
at around 80 to 90% of rated full 
load. Many engineers think that 
if a 5 hp motor is good, then a 
7.5 hp must be better. And a 10? 
Well, that’s superb! The problem 
with this logic is that the 10-hp 
model is basically running un-
loaded, and its power consump-
tion and efficiency unloaded is 
much worse than that of the 5 
hp properly loaded.

Rich Mintz, SEW Eurodrive

4. Gearbox efficiency 
depends on many factors, 
notably gearbox loading.

Manufacturers often specify 
motor efficiency. Ditto for gear-
box efficiency. However, total 
system efficiency (motor plus 
gearbox) is neither clearly under-
stood nor easily calculated. This 
makes catalog gearbox efficiency 
specifications unreliable because 

net dc (PMDC) motor. PSCs 
may have greater maximum ef-
ficiency potential, but their true 
efficiency can be much lower at 
the actual application operating 
load point. Also keep in mind 
that three-phase driven gear-
motors are much more efficient 
than the single-phase equiva-
lent (for example, 64% vs. 53%) 
and are more reliable because of 
their simplified design. How-
ever, when three-phase power is 
unavailable, a variable frequency 
drive (VFD) is required to con-
vert single-phase input to three-
phase output for the gearmotor. 
Today’s VFDs are economical 
and easily justified when one 
considers their built-in features, 
such as soft starts to reduce 
mechanical shock and increase 
equipment life.

To maximize the overall ef-
ficiency of a gearmotor system, 
avoid negating motor efficiency 
gains with inefficient gearing. 
While a nice solution for tight 
spaces, right-angle worm-gear 
reducers have efficiencies of just 
50% or less; in contrast, spur 
and helical gears used in paral-
lel-shaft reducers are typically 
about 98% efficient. In really 
tight spaces, consider an offset 
parallel-shaft gearmotor solution 
where higher-efficiency spur and 
helical gears are stacked in a ver-
tical configuration and the out-
put shaft then forms a space-sav-
ing U or S-shaped configuration 
relative to the driving motor.

Clayton Hinkle, Bison Gear & En-
gineering Corp.

3. Beware of under or 
oversizing the gearmotor.

The most common mistake is 
improper sizing. Keep in mind 
that there is more to consider 
than just the torque and speed 

they typically provide only a sin-
gle efficiency rating. Efficiency 
depends on a number of factors, 
especially gearbox loading, but 
most manufacturers do not list 
efficiency tolerances, or the dif-
ference in efficiencies between a 
heavily loaded gearbox and one 
running under normal loads.

The electrical input power to 
a gearbox (the product of volt-
age and current to the motor) 
multiplied by motor efficiency is 
the input power to the gearbox. 
Output power is the gearbox 
speed and load torque. The ratio 
of output power to input power 
equals efficiency.

Power loss in the gearbox is 
mostly due to friction, which 
generates heat. In miniature 
gearboxes, heat is not much of 
a problem because the power 
losses (and absolute amounts of 
power involved) are relatively 
small. However, large gearbox-
es use oil coolers and pumps to 
compensate for gearbox ineffi-
ciency. Gearbox friction in turn 
depends on the quality of the 
gearing, the number of tooth en-
gagements (how many times one 
wheel drives another), and the 
load torque (or how much mo-
ment the gearbox must deliver).

A general rule: The lighter 
the load and the higher the ratio, 
the less likely it is that a gearbox 
will actually reach the manufac-
turer’s specified efficiency. Light 
loading and high ratios tend to 
produce poor gearbox efficien-
cies. Conversely, under heavy 
loading and with high ratios, a 
gearbox approaches its theoreti-
cal efficiency.

Fritz Faulhaber, MicroMo

5. Don’t shortcut the 
math.

When properly selected and 
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then maintained, gearmotors can 
last indefinitely. Whatever you 
do, don’t shortcut the math. Se-
lection approaches such as, “Rule 
of thumb,” “We’ve always done it 
that way,” and “It broke? Get a big-
ger one” are not proper ways to 
select gearmotors. Think about 
service factor and consider the 
dynamics. For example, is this a 
reversing application? If so, what 
about backlash? Selecting gears 
and motors is a real science. The 
best and fastest way is to use 
software offered by the manufac-
turer. Many manufacturers have 
web-based software that lets you 
select application type and en-
ter parameters such as weight, 
speed, pulley diameter, and coef-
ficient of friction. The software 
then runs all of the calculations 
and selects units for you.

Rich Mintz, SEW Eurodrive

6. Understand what 
causes gearmotor failure.

• Excessive overhung loading 
(radial load on shaft) can destroy 
bearing support systems. Shaft 
fatigue failure is also common 
on overloaded shafts.

• Gearboxes that experience 
shock loads from large inertia 
loads or excessive acceleration/
deceleration can cause gear tooth 
fracture.

• High thrust forces on shafts 
can exceed bearing capabilities, 
compromise press fits of com-
ponents, and exceed structural 
housing strengths.

• Excessive torsional load-
ings on a shaft at keyways, cross-
holes, and diameter changes are 
all potential failure locations.

• Gearmotors placed in en-
vironments not suited for them 
exhibit stress on the gearbox 
sealing package, lubricant issues, 
and poor heat dissipation. Prop-
erly protect the gearmotor to 
prolong its operating life.

• Gearmotors subjected to 
thermal cycling can experience 
condensation. Sometimes vent-
ing the motor and allowing the 
environment to stabilize is better 
than trying to keep the product 
totally enclosed and sealed.

• Lubricants should be speci-
fied for actual operating condi-
tions. Adjustments can be made 
for extreme cold or hot applica-
tions instead of a more costly full 
temperature range.

• Motor mounting should be 
stable. Surfaces that can flex and 
cause misalignment will degrade 
product life.

Engineering team, Bodine Electric 

If a gearmotor is undersized 
(not enough power for the appli-
cation), the typical warning sign 
is overheating. However, unless 
you check the temperature or 
actually feel the heat, it’s hard 
to detect before a failure. If the 
gearbox’s lubrication oil tem-
perature rises high enough, it 
will cause a thermal breakdown 
of the oil, and once the lubri-
cation system is compromised 
the gearbox will ultimately fail. 
Sometimes the undersized mo-
tor has to “work too hard” and 
it will actually burn out — a per-
manent and unrecoverable fail-
ure. Again, the warning signs are 
hard to detect: Sometimes you 
may smell the oil or motor if it’s 
overheating, or see paint discol-
oration. But unless the gearmo-
tor is clearly visible, it will run 
until failure without you even 
realizing it.

An undersized gearmotor usu-
ally results from not understand-
ing that both the motor and 
gearbox have separate thermal 
capabilities as well as efficiencies 
that, when combined together, 
result in a system output power 
that is different from what is 
typically published. Specifying 

and buying while only consider-
ing motor output and efficiency 
is a mistake.

Jon Roetman, Groschopp

7. Consider an integrat-
ed ac motor for optimal 
performance.

The best reason by far for 
making the switch to integrated 
ac gearmotors is performance. 
In a fully integrated gearmotor, 
the motor’s low-inertia rotor is 
specifically matched to the char-
acteristics of the gear unit. This 
results in high dynamic capabil-
ity, which is especially important 
for high stop/start cycling ap-
plications. Also, the majority of 
today’s gearmotors incorporate a 
high-performance brake, useful 
for applications requiring con-
trolled load deceleration.

Another advantage of inte-
grated gearmotors is that they’re 
designed to work well with in-
verters. Using a gearmotor and 
variable frequency drive (VFD) 
with closed-loop feedback 
(through encoders mounted on 
the motor shaft) makes indexing 
and point-to-point positioning 
applications possible. Electronic 
drives also provide fine-tuning 
of speed and control, incorpo-
rating features such as overload 
protection and adjustable start-
ing torques. However, advanced 
features notwithstanding, the 
biggest gains in performance 
come from the unlimited com-
binations of motors and gear 
units.

Rich Mintz, SEW Eurodrive

8. Don’t forget to surf 
the web for helpful re-
sources.

Whether it’s an industry asso-
ciation or a manufacturer’s web-
site, the Internet is a great re-
source for gearmotor sizing and 
specification tips. Here are three 

MSD’s Top 10





28 FEBRUARY 2009 MOTION SYSTEM DESIGN • www.motionsystemdesign.com

to get you started:
www.agma.org
American Gear Manufactur-

ers Association (AGMA)
www.groschopp.com
STP Design Search tool re-

lates the “fit” of a motor or gear-
motor to an application’s perfor-
mance specifications; “fit” means 
closest match to speed, torque, 
motor efficiency, and gearbox ef-
ficiency.
www.ptpilot.com
Free software from SEW Eu-

rodrive that helps users select a 
custom reducer or gearmotor

9. By design, gearmo-
tors are built to outlast 
user-integrated motors 
and reducers.

A typical arrangement of the 
user-integrated solution is the 
quill mount reducer. These are 
generally less expensive and take 
up less space than a reducer with 
an external input shaft. But, they 
have no bearing to support the 
motor input, so the motor out-
put bearing supports the reducer 
input shaft. The problem here is 
that in most motors, the bear-
ing is a size 200 bearing, and it 
is not rated for the axial loads it 
will see during use. So, this bear-
ing will fail prematurely. When 
it does, the resulting run-out and 
misalignment of the motor shaft 
will destroy the input seal to the 
reducer, and, very likely, damage 
the gearing.

It’s important to note that the 
so-called mating flanges of C-
face motors and reducers gener-
ally don’t seal well, so contami-
nants (water, dirt, heat, chicken 
parts) will eventually find their 
way into the cavity between the 
motor and reducer. Here, the seal 
on the motor input may fail, be-
cause it’s subjected to this harsh 
industrial environment. This is 
not the case with gearmotors. 

The flanges of the motor and re-
ducer are machined and factory 
sealed to prevent ingress of in-
dustrial goo. 
Likewise, the 
gearmotor’s 
internal com-
ponents are 
designed to 
work togeth-
er, and the 
environments 
and mechani-
cal stresses to 
which they 
are subjected 
are known. 
Finally, one 
of the most 
hated tasks of 
both instal-
lation and 
p r e v e n t i v e 
maintenance 
for user-inte-
grated units 
is alignment. 
Misalignment 
causes failures; 
with gearmotors, the unit is de-
livered to the end-user perfectly 
aligned, and it stays that way.

Rich Mintz, SEW Eurodrive

10. Understand what 
gearmotor system power 
really means.

When specifying and select-
ing a gearmotor, it’s critical to 
know and understand gearmo-
tor system power, and not just mo-
tor power. Typically, gearmotor 
manufacturers publish specified 
motor output power, which of-
ten does not accurately convey 
actual gearmotor output power; 
when specifying or selecting a 
gearmotor for an OEM applica-
tion, relying on this published 
motor power specification (hp) 
alone can be deceiving. To fully 
optimize a gearmotor solution, 
calculate or obtain system out-

put power, which represents 
the resulting gearmotor power 
after calculating the efficiency 

of both the 
motor and 
the gear-
box.

U n d e r-
s t a n d i n g 
s y s t e m 
power and 
k n o w i n g 
s e p a r a t e 
motor and 
g e a r b o x 
efficiency 
ratings also 
gives an 
e n g i n e e r 
i m p o r -
tant data 
with which 
to make 
c o m p a r i -
sons. For 
e x a m p l e , 
comparing 
efficiencies 
of a plan-

etary gearmotor to a parallel 
shaft gearmotor allows product 
choices to be made based on 
overall efficiency, performance, 
and cost.

So, when selecting a gear-
motor, determine if published 
power or output power speci-
fication is for the motor only, 
or if this specification also in-
cludes the gearbox/speed re-
ducer efficiency. Any gearmo-
tor vendor should be able to 
provide both motor and gear-
box efficiency ratings; if it is 
not calculated as system pow-
er, calculate gearmotor system 
power by multiplying motor 
output power by the appropri-
ate gearbox efficiency.

Ron Didier, Groschopp

Gearmotor images courtesy of Bodine 
Electric Co.
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When choosing a gearmotor, it’s impor-
tant to know if the published output 
power specification is for the motor only, 
or also includes the gearbox/speed re-
ducer efficiency.


