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Recently, comparisons have been made between
variable-speed induction motors (VSIM) and the
Electronically Commutated Motors(ECM ™) widdy
used in heating ventilaion and ar conditioning
(HVAC) system bowers. VSIM proponents copied
some of the function and features of the already
established ECM andare now claiming an advantage
simply because indudion motors are in widespread
use. Such dams are mideading and, in some cases,
mignformed.

Actudly, two motor technologies are being
compared to the ECM - the variable speed
induction motor and the switched reluctance motor
(SRM). While they make clam to some of the
featuresand functions pioneered and patented by GE
inits ECM, the inferences of superior performance
or better economic value smply cannot be
substantiated. Sincethereare few (in thecaseof the
SRM there are no) residential HVAC blower
productsin the U.S. market that use them, the basis
for the claims are unsubstantiated.

This paper highlights the advantages of Howers
driven by GE's ECM and presents the facts behind
the performance, cog, and operation of the various
types of variable-speed motors.

Background

GE pioneered the development of variable-speed
technology for residentid HV AC in the late 1970's.
It was in 1979 that GE began studying the available
technol ogiesto deter mine which would provide the
highest efficiency, overal performance, and
economic value in residential and commercial
HVAC. The study beganwiththe indudion motor
and the three-phase variable-speed drive — the
combination known as the VSIM. While teds
proceeded with that conventi onal technology, efforts
to develop the brushess-dc motor and methods to
produce it were dso underway. It was a well-
known physicd fact that brushless-dc motors are
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more efficient thaninduction motors, and testswith
both motor technologies in HVAC blowers and
compressorswere corroborating that fact.

The ECM  as GE wasto call their brushless-dc
technology performed conastently better in those
tests than varialde-speed induction motors. Even
efforts to improve VIM peformance using
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sophisticated field-control methods could not
compete with the inherent efficiency and smple
operation of the ECM. To thisday VSIMs do not
match the ECM'’ s efficiency and performance.

Early in the development of the ECM —inthe early
1980's — there were three drawbacksto the ECM,
and al needed alow-cost solution. Thefirst wasthe
need to use permanent magnets in the motor — and
they had to be very low cost. The second required
the dedronics cortroller to know rotor position so
the motor could be controlled without mechanical
brushes and commutators  The last was the
necess tyto devd oplow-cost production techniques
to attach the permanent magnetsto therotor. All
three drawbacks were readily solved.
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GE had already devel oped amethod that allowedthe
use of low-cast ferrite magnets (the type of magnet
in mass production worldwide for automotive
motorg) that simply depended on closely tailoring
the motor and control designto the characteristics of
the magnets. In time, sensing rotor position was
solved by using the inherent characteristics of the
motoritself whenone of themagnetic polesonthe
rotor passes by the un activated winding of the
stator (unlike aninduction motor, thereisalways an
un activated winding), the passing pole induces a
voltagein that winding. All that was neededwasto
sense that induced voltage and the problem of
knowing when the electronics should switch
(commutate) to the next stator phase winding wes
solved. It couldn’t have been simpler; it was done
without adding snsors, and GE was granted a
patent on thetechnique..

Attaching the magnets proved to be amost as
simple. Testshad proven that ardiable att achment
could be made by bonding the magnets to the
surface of the rotor core. High strength epoxies
were more than adequate to hold the magrets at
rotational velocities up to 3,000 RPM  threetimes
greater than the speedsthat would be encounteredin
HVAC blowers. With the addition of a “cup-likée’
retainer over the magnets, rotational velocities upto
12,000 RPM were achieved.

Nevertheless GE continued evaluating both VSIM
and ECM technologies, competing one against the
other, intothe early1980s. Therewas intenseeffort
to improve the efficiency of VSMsto enable them
to offer the same or better HVAC system value.
Interegtingly, the key to making any improvement in
the induction motor’s performance depends on
knowing the position of the rotating magneticfields
inside the motor. Unfortunaely, such knowledge
isn't as available in the VSIM asit isinthe ECM.
Even when cogtly, “vedor-controlled” motors — as
they are cdled — in which the postion of the
magnetic fields could be ascertained were tested,
they 4till fell short in performance and far below the
value of the ECM.

A major reason for this is fundamentd to the
inductionmotor itself; the efficiency of theindudion
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motor falls off dramatically at low speeds. This
char acteristic serioudy degradesthe performanceof
an air conditioner or heat pump since power
conumption at low load accounts for most of the
operaing hours and the SEER and HSPF ratings.
Blower power isamajor factor at low loads.

Ultimately, GE decided to market the ECM. The
initial offering was a two-piece design the motor
was separated from the dectronics control. Today,
it isasingle-piece designinwhich the motor and the
control are integrated, and for this reason today’s
verdonisometimes called an ICM. This productis
responsble for a new standard of performance in
HVAC systems and is used in the best HVAC
systems in the US, Canada and Europe. ECM-
drivenblowersare featured membersof nearlyevery
major US manufecturer’s furnace and fan coil
product lines.

The ECM istransforming the HVAC market to high
product value and efficiency by providing an
unparalleled combination of low operating cost,
comfort, flexibility, serviceability and reliability.

Simplicity

To justify the VSIM in residential HVAC its
proporents have made severd erroneous claims
about its simplicity. Perhapsthe mog inaccurate is
the statement that VSIMs use resdentia AC
voltage, but ECMs use DC voltage which doesn’'t
existinresidences. Thismideading statement belies
the fact that for variable-speed operation both the
ECM and the VSIM use AC power and both must
convert it to DC before reconverting it to voltages
and frequencies capable of being used by the motor.
What isnot sated isthat the conversion processis
much simpler in the ECM. The misnformation
seems to be based in the belief that because the
induction motor is commonplace, variable-speed
induction notors must be simple.

Motor and Control Simplicity Explained

The induction motor may be one of the most
complex machinesinuniversal highvolume use ever
developed. Whenthree-phase induction motors are
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operated at variable speeds that complexity really
begins to show itself.

For maximumefficiency VSIMsmug be driven from
three independent sinusoidal voltages in much the
same way 3-phasefixed-speed induction motors are
operated from a 3-phase AC lire. The frequencies
of the three voltagesand currentsmust bevaried to
change the motors's speed. The synthesis and
processing of sine waves by the motor’s control
electronics add complexity and cost. A further
complication isthat the fiddlity of the Shewaves is
critica, especidly at the lower frequencies needed
for low speed operation. Magnetic losses in the
motor and poor sine wavefidelity aremgjor reasons
for the relatively poor efficiency at off-load speeds.
Motor and control design can be optimized to help
minmize these effects, but at the expense of even
further complication that makes the motor more
unlike commonplace, low-cost induction motors.
Nevertheless, even an optimized induction motor
cannot match the performance of the ECM without
sgnificantly increasing its size (stack) and material
content.

Asmertioned, for hvac goplications both theV SIM
and the ECM are powered from the AC line and
both convert AC line voltageto DC. The VSIM
must then recorvert the DC to snusoidd varigble
frequency AC, while the ECM makes mor e efficient
use of the DC voltage it develops. As a metiter of
fact, the more “DC-like,” or trapezoidal, the ECM
motor’'s waveforms are the higher the torque
produdion per delivered amp —adirect indicator of
efficiency. ECM’s are controlled with a simpler
process with no requirement to develop three
separate and distinct sinusoidal waveforms.

Smply because the induction motor is the most
common motor, does not mean variable-speed
induction motors are simple.

Constant Airflow

The ECM can be programmed to adjust its speed
and torque to deliver constant air flow into a wide
range of restriction in the air distribution system.
HVAC experts measurethis restriction asapressure
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drop and call it external gatic pressure. OnFeb. 21,
1989 GE-Motors was issued paent # 4,806,833
which dicloses how a motor could be made to
adjust torque and speed in a blower to hold the air
flow constant across a wide range of external datic
pressure without the use of an exterral arflow
sensor.  This is accomplished by first testing an
ECM in ablower cabinet and then programming the
test results  speed andtorque over arange of gatic
pressure into the motor. The microprocessor in
the motor then uses the data to determine how to
adjust the blower speed and torque to control the
airflow over that very wide rage of airflow
restriction.

ECM & VSIM Constant Airflow Capability
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Why is constant airflow an advantage? Resdential
and light commercid HVAC blowers aregppliedin
awide range of products that are applied across a
wide variety of duct-work, each with its own wide
range of redriction at different arflows Also,
variation in restriction can be expected as filters
load. Restrictions causing pressure drops aslow as
0.0" of water — free discharge — and up to one inch
of water are common. A standardized product
camnot perform optimally across that range of
application variation.

A conventional blower driven by non-varial e-speed
motorscan’'t deliver as much air as the pressure on
the blower hbuilds. Sincethe motor can’t speed up
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enough to let the blower push more air faster, the
motor unloads and power fdls. Of course, if the
arflow isto be held constart as the static pressure
increases, the amount of work the motor has to do
also increases.

The ECM’s efficiency permits more incremental
power to be delivered to speed up the blower —
more than can be economically and safely ddivered
to avariable-speed induction motor. Inother words,
another ECM advantage is its “marginal” power
handling. Figure 2 shows data from a2z hp ECM
and a%2 hp VSIM. Both are gpplied in the same
1200 cubic feet-per-minute blower. The chart
shows two ggnificant items. The first is the
excellent speed and torque control the ECM has to
deliver virtudly constant airflow. It aso showsthe
dramatic airflow reductionfrom a blower driven by
aVSIM as externd restrictionincreasesabove 0.6"
of water. Thisisthe direct result of poor marginad
power handling capability above its %2 hp rating.

Afford ability

The cost of variable-speed technology is dominated
by the cost of converting, controlling and ddlivering
power totheload. The power delivered a the shaft
necessary to rotate a blower wheel to deliver a
specific arflow into the gaic pressure of the ar
digributionsystem isthe same no matter whichtype
of motor isdriving the blower wheel. However, any
undelivered power - that is, power not deliveredto
the shaft but consumed aslossesin the motor, in the
controls or elsawherein the process—must sill pass
through the electronics. Stated simply, inefficiency
of the motor adds to the cost of the electronics.
Vaue therefore depends on the motor and control
having the highest practica efficiency and is the
fundamental reason why the ECM is abetter choice
— its efficiency reduces the cost assodaed with
handling the power needed to operate the load.

One might ask if it is possible to raise the VSIM’s
efficiency to avoid the penalty. The answer isyes,
but raisng a variable speed induction motor's
efficiency generally means employing alonger gator
stack, using higher grade steel, or tooling special
stator laminations. These improvements drive the
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cost to greater than the ECM’s. The disadvantage
the VSIM has because of its relative inefficiency
more than offsets the added cost of the only unique
elements in the ECM — its magnets.

In preparing this paper, a thorough cost andysis of
a VSIM intended for HVAC application was
conducted and showstheV SIM’selectronic control
issgnificantly moreexpensivethantheECM’s. The
motor itself is of comparable cost. There simply is
no cost advantage.

An HVAC manufacturer’s long-term product plans
that are based on VIM short-term market
penetration pricing strategies will be disappointed
when they find “ buy-in" level pricing cannot be
profitably sustained.

Reliability

The only varigble-speed notor capable of making
field rdiability clamsisthe ECM. Itsoperationin
HVAC productsin thefield spans three gener ations
of improvement over more than eleven years.
Proponents of VSIMs (and the untested, untried
switchedreuctance motor) claimhigh reliability, yet
no field dataexiststo substartiae the clam. Given
the complexity of the electronic drives used in less
efficient VSIMs, and the stresses the dectronics
control experiences at any load (which areabove the
ECM’s stress at the same load), it is unlikely that
VSIM moator drive rdiability can approach the
reliability of the ECM.

It has been dated that the ECM should be less
reliable than the indudion motor because of the
magnetson itsrotor which might comeloose. The
clam stems from gpecul ation that the magnets must
be prone to detaching themselves from the rotor.
Neither that imagined failure mode, nor any other
motor failure, are significant fadtors in failure rate.

By far, thedominant factor inimproving falure rate
is experience. The ECM isthe only variable-speed
motor with experience in the many adverse
environmental operating conditions of residential
and commercid HVAC. On the other hand, the
V SIM and switched reluctance motorssmply do not
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havethe relevant application breadth nor the volume
to adequatdly understand their failure modes. They
have many lessons yet to learn before reaching
acceptable failure rates.

The ECM’s greatest asset is its volume base in
actual residential and commercial HVAC
applications.  Volume fuels multi-generation
product design and reliability improvement that
further reduce cost .

Serviceability

Blower motors that use “dip-switches’” or jumpers
located on the motor make service or adjustment a
time-consuming nightmare. They force servicemen
to remove the motor or blower housing so that
initial set-up and minor adjustmentscan be made to
a furnace or air hander. Present-day ECMs are
“partitioned” so that all of the necessary system
adjustments can be easily accessed behind the front
access pand of the furnace or fan coil.

The ECM design is partitioned so that the control
can be removed from the motor without taking the
motor out of the blower assembly. This simple
arrangement facilitates service and minimizs
replacement cost.

Diagnostic indicators are great help during
install ation and service but only if they arelocatedin
the conventional service locations and can be easlly
accessed. TheECM s partitioning permitsdisplaying
the system’ ssatus fromtheresidential thermostat or
fromthe system’scontrols. It provides“CFM” and
“RPM” outputs so that servicemen can actually see
if proper airflow is being delivered. Most OEMs
supply some form of indicators on their interfece
boards o that servicemen can make quantitative and
quditative assessments of system operation.
Diagnosisof theair distribution sygem, humidity or
comfort control, and even the applied efficiency of
the system can be done using those indicators.
Armed with such tools, the ECM’s applicaion
flexibility can be used to correct awide varigy of
problems not addressable in sygems driven by
conventional induction motors and other variable-
speed motors.
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Other Operational Issues

Several other factors must be oonsidered for
completecompatibilitywiththeoperational demands
and economic requirements of HVAC systems.
V ariable-speed motors must givebetter performance
than single-speed motorsto help justify their added
cost — all variable-speed motors do not provide
those benefitsat the same cod.

Sound level

Low noiseisaprimary marker of equipment quality
and is becoming a mgjor HVAC sales feature. Air
noise is by far the largest part of the overal noise
level made by the indoor blower of an HVAC

Tone Levels @ 600RPM
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sygem.. Therefore, the quality of the air distribution
sysem, i.e. the duct work, registers and diffusers,
must be kept high and air velocities must be kept
low if the background noisein ahome or businessis
to be kept at acceptable levels. Motor noise itself,
while seldom a complaint in single-stage, high
velocity systems, can be a problem in multi-stage
sysems and under low airflow continuous-fan
conditions. Nuisance sounds, such as high-pitched
whistles, “wowing” and motor tones are especially
troublesome during the night when background
noiseis very low.
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Single-speed, tapped or phase-controlled induction
motorsare notorious for their high sound levels for
two reasons. First, they dart and stop abruptly,
dramatically changing the ambient noiselevd, giving
increased perception of being noisy. Secondly, the
motor can make its own electrical and magnetic
noises, especidly when low speed taps are selected
or when operated froma phase or slip controller.

Both the ECM and VSIM can slowly ramp up to
speed when activated, thus reducing the abrupt
changein sound level when the system cycleson and
off. They both are able to adjust airflow so that air
noiseitself isreduced at lower airflow. Comparison
tests of the two motors in the same blower at the
sane RPM show comparable sound levels.
However, differences become apparent at low speed
— the tests show VSIMs operating at low speeds
produce annoying Noi ses.

The tone projections above thebackground level are
shown in figure 3 for both motor types operating at
600 RPM (approximately 600 CFM). Notice the
sound peaks in the VSIM data at 200 Hz and 800
Hz. They are caused by small variations in the
induction motor’ s air-gap, by magnetic effects, and
by the high frequency current switching through the
motor that is necessary to mantain a nealy
sinusoidal waveform. These pure tones reduce the
sound quality of VSIM-driven system for two
reasons: first, they occur in avery sensitive range of
human hearing, and second, ar noieislow a low
motor RPM and cannot mask them.

The ECM does not suffer from single frequency
pitchessinceair ggp variation is not a problem. The
effective air gap is twenty to thirty times the gap
needed for the proper operation of an induction
motor. Small variaions have no significant effect.
Furthermore, every GE ECM bower motor uses
reslient rings to isolate the rotor from the shaft.
The rotor is attached to the shaft through rubber
ringswhichabsorb high frequencytorque rippleand
keep it from coupling irnto the shaft. The most
frequent praise given ECM-driven blowers by
customersis how quiet they are.
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Electronic noise (EMI)

Any dectronically-driven motor must contend with
electromagneticinterference EMI, primarily caused
by the switching of the high currents into the motor.
The “noisg’ created by the switching must be kept
out of the wiring of the homewhere it can and will
cause TV and radio interference.

The ECM has an advantage here too. It’ s efficiency
is higher than the induction motor so it operates at
lower currents to ddiver the same power a the
shadt. That advantage trandatesto acost advantage
in the filters needed to keep switching frequencies
fromthe AC power lines. Nevertheless, ablocking
filter is alwaysnecessary in a variable-speed blower
motor. The amount of filtration is critical, however,
and al filters are not equally effective. Datataken
onVSIM and ECM motorsintended for 1200 CFM
blowers show that only the ECM meets FCC Class
B conducted emissions requiremerts.

Conclusion

Today, ECM-driven blowe's are in widespread use
in heating, vertilationand air conditioning. Besdes
thewell-knownresidential furnace and heat pump air
handler gpplications, they are in a period of very
rgpid growth in commercid packaged units,
variable-ar-volumetermina boxes, unit ventilators,
fan coils and heat recovery ventilators.

No other variable-speed technology can claim the
capability, flexibilityand performance of theECM.
No other variable-speed technology has the
experience gained from multi generational product
improvement, application in high volume, and
breadth of product application that would
substantiate credible claims of greater service,
reliability, value, or performance.
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