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An energy efficient loW-poWer integral electronically com 
mutated fan motor and control circuit assembly mounted on 
a circuit board for use in refrigerators utilizing a Hall sensor 
to provide positional control signals for sequential energi 
Zation of the Windings With the Hall sensor energiZation 
being pulsed, and the motor stator Windings energized only 
during a portion of the period, When rotational torque 
produced by the energiZation is greatest in order to reduce 
the poWer input to the assembly. Integrally molded multi 
function components including the coil bobbin, ground pin, 
Hall sensor holder, motor bearing oil Well covers, and 
assembly housing provide positioning, support, and securing 
assistance along With electrical and magnetic operative 
connections and positioning. A capacitively coupled bridge 
poWer supply is provided to further reduce poWer consump 
tion, and the motor is protected under fault and stall condi 
tions by a current limiting circuit and a timed retry circuit, 
and the rotor and stator are designed for adequate starting 
torque in a refrigerator. PoWer is supplied to the motor 
Windings through a voltage dropping capacitor connected in 
series therewith. 
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FIG. 4 
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FIG. 12 
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INTEGRAL MOTOR AND CONTROL 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an integral, loW 
power, high efficiency motor and control particularly suit 
able for use in applications Where high reliability and high 
efficiency are particularly important, such as, for example, 
household refrigeration systems. 

[0002] In conventional refrigerators of the residential or 
household type a compressor pumps a circulating refrigerant 
such as freon to a condenser coil Where heat is extracted. The 
condenser coil is typically positioned on the exterior of the 
refrigerator, and air circulates over and around the condenser 
coils (With or Without assistance from a fan or bloWer) to 
extract heat therefrom. The cooled refrigerant is then circu 
lated through an evaporator coil Within the refrigerator, 
typically in a freeZer compartment, to cool the space Within 
the refrigerator. The refrigerant then circulates to the com 
pressor and thence back to the condenser. This cycle con 
tinues until the temperature Within the refrigerator reaches a 
desired preselected temperature as sensed by a thermostat or 
temperature control. A small motor driven evaporator fan is 
normally provided Within the freeZer compartment to circu 
late air over the evaporator coils, through the freeZer com 
partment, and betWeen the freeZer compartment and the 
remainder of the refrigerator. 

[0003] A conventional fan motor is typically a loW poWer 
motor having a poWer input in the range of 8.5 to 13.5 Watts 
With an Output poWer of approximately 2.5 Watts. Thus, it 
Will be understood that the ef?ciency of conventional evapo 
rator fan motors is generally in the order of less than 30%. 
It also should noW be understood that 70% or more of the 
electric poWer supplied to such motors is converted to heat 
Within the refrigerator (or freeZer compartment), and such 
heat must be removed from the interior of the refrigerator by 
the refrigeration system. Thus, inef?cient evaporator fan 
motor operation is undesirably leveraged, because each Watt 
of heat released in the freeZer increases the cooling and thus 
poWer demands on the refrigerant compressor motor and the 
remainder of the system. Typically, With other things being 
held constant, the release of one extra Watt of heat inside a 
refrigerator requires in excess of one extra Watt of compres 
sor motor poWer to remove each such Watt of heat generated 
Within the refrigerator. Even With a highly efficient refrig 
eration system it Would typically require in excess of 1.2 
additional Watts of input poWer to compressor and condenser 
fan motors compensate for each additional Watt of poWer 
dissipated by an evaporator fan motor inside the refrigerated 
compartment. This amounts to a total poWer leverage factor 
of 2.2. 

[0004] One major objective of the present invention is to 
provide a neW and improved motor and control such that the 
just referred to undesirable leverage can be vieWed as 
desirable, and used to reduce the overall poWer consumption 
by a refrigeration system. For example, if one Were able to 
reduce evaporator fan motor input poWer requirements by an 
initial 8 Watts per hour, then one could reduce the overall 
refrigerator poWer requirements by the initial 8 Watts plus an 
additional 7 or more Watts (at the compressor and con 
denser) and this all could amount to as much as 90 kiloWatt 
hours per year, Which could represent as much as 10% of the 
total annual poWer consumption of a typical household 
refrigerator. 
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[0005] This poWer reduction is signi?cant, hoWever, not 
only in its cost savings to a consumer over the life of a 
refrigerator, but also in helping to reduce the burning of 
fossil fuels to generate such poWer. Moreover, the poWer 
savings just mentioned can assist in enabling a refrigerator 
to meet the poWer reduction regulations and/or incentives of 
state and federal governmental bodies. 

[0006] Public concern about electrical poWer consump 
tion, is re?ected by proposed legislation and Us. Depart 
ment of Energy (DOE) regulations, and has emphasiZed the 
need to increase the efficiency of household appliances to 
reduce both the amount of fossil fuel burned, and the need 
for additional poWer generation capacity. Public interest and 
demand is re?ected in Energy Guide labels or tags on 
household appliances Which disclose the poWer require 
ments and typical cost of operation information. 

[0007] A still further complication in the redesign of some 
motors, and particularly refrigerator evaporator fan motors, 
is the need that the substitute motor ?t Within the space 
envelope available in present refrigerator designs, since it 
Would be costly to change existing tooling used in manu 
facturing refrigerators simply to accommodate differently 
siZed motors. Moreover, it is desirable to utiliZe a high 
efficiency motor to replace an existing motor for repair 
purposes. Thus, it is very desirable that improved motors 
(and controls When packaged thereWith) be usable in exist 
ing space envelopes. 

[0008] In addition there is groWing concern over release 
into the atmosphere of freon refrigerants used in refrigera 
tors and of chemicals used as foaming agents during the 
manufacture of insulation used in refrigerator Walls. Con 
cern over the possible damage to the oZone layer in the 
earth’s atmosphere by CFCs (chloro?uorocarbons) in the 
refrigerant is leading to the use of alternate refrigerants. 
HoWever, presently available alternate refrigerants are less 
efficient than the freon presently used, so their use Would 
further reduce the efficiency of refrigeration systems. More 
over, the foam insulation used in the Walls of refrigerators 
typically utiliZes CFCs as the bloWing agent during manu 
facture, While the use of other knoWn substitute materials 
result in insulations With reduced R factors. This all further 
increases the desirability of reducing the amount of heat 
released by a motor inside a refrigerated enclosure. 

[0009] The need to further increase the efficiency of elec 
tric appliances has led to cash incentives. Various state or 
local agencies or utility companies (such as in California) 
offer rebates to neW appliance purchasers proportional to the 
amount of energy saved by using the neW appliance. This 
further increases the continuing demand and need for refrig 
erators and other appliances With increased efficiency. 

[0010] As a result of the above considerations consider 
able research and effort has gone into the redesign of 
appliances, including components thereof such as motors, in 
order to increase electric efficiencies, and to meet present or 
anticipated environmental concerns, With regulations and 
goals aimed at reducing poWer consumption by as much as 
30%. 

[0011] Thus, it Would be extremely desirable to provide an 
improved high efficiency fan motor for a household refrig 
erator Which also could be used (With or Without modi?ca 
tion) as a refrigerant condenser fan motor. 
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[0012] Improved loW power motors of the type We con 
template for use in refrigeration systems may advanta 
geously be of the “brushless dc” or “electronically commu 
tated motor” type. HoWever, this type of motor can be 
damaged if the motor stalls, or ceases to attain desired 
operating speeds When ?rst starting, or rotates at loWer than 
normal speeds under load conditions. In the absence of a 
back emf or voltage associated With rotation of the rotor, the 
applied line voltage may cause excessive current ?oW 
through the motor Windings Which may exceed the rated 
current carrying capacity of the Windings and lead to over 
heating and/or failure. Accordingly, it is desirable to provide 
adequate starting torque, and it is also highly desirable to 
provide means to detect motor stall, and to provide adequate 
restarting torque and/or current limiting in the event of 
motor stall. 

[0013] NotWithstanding all of the above, in highly com 
petitive markets such as, for example, the household refrig 
erator market it is also very important to keep the cost of 
improved motors to a minimum since many consumers are 

unWilling, or unable, to pay higher prices for energy saving 
improvements, notWithstanding the fact that initial costs 
often are recouped many times over the multiple year life of 
a machine. Thus, it is important that initial costs for 
improved products be minimiZed by providing a readily 
manufacturable design. 

[0014] Also, notWithstanding all of the above, it is very 
important that motors for equipment having a long service 
life (e.g., household refrigerators) exhibit reliable operation 
and have a long life in vieW of consumer expectations and 
past experience With equipment that requires little or no 
maintenance for extended periods of continuous use. We 
have determined that brushless motors combined With solid 
state control device circuitry can provide the desired good 
reliability and loW maintenance operation. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

[0015] Accordingly, a primary object of the present inven 
tion is to provide a neW and improved, integrated and unitary 
motor and associated control circuit elements having 
improved operating efficiency. 
[0016] Another object of the present invention is to pro 
vide a neW and improved loW poWer integrated and unitary 
motor and associated control circuit elements suitable for 
use in refrigeration systems Which is cost ef?cient in opera 
tion, yet relatively inexpensive to manufacture in order to 
minimiZe the initial cost of the system. 

[0017] Still another object of the present invention is to 
provide a neW and improved integrated and unitary loW 
poWer fan motor and associated motor control circuit Which 
is suitable to be used as the condenser or evaporator fan 
motor in refrigeration systems. 

[0018] Yet another object of the present invention is to 
provide an improved high ef?ciency loW poWer fan motor 
and control for use in refrigeration systems Which provides 
adequate starting torque and Which detects and protects the 
motor in the event of motor stall. 

[0019] Still yet another object of the present invention is 
to provide a loW poWer motor and control circuit in Which 
the fan motor and associated control circuitry elements are 
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combined in an integrated design With uni?ed construction 
and, structural support, and Which may be installed in the 
space in a refrigeration system normally occupied heretofore 
by only a motor; thus promoting the possibility of direct 
replacement of existing motors in existing refrigeration 
system designs. 

[0020] A further object of the present invention is to 
provide a neW and improved loW poWered integrated motor 
and control circuit Which is reliable in operation, and Which 
is relatively maintenance free. 

[0021] Still other objects relate to the provision of a 
combination of control circuit elements and an electric 
motor that is of novel mechanical construction, electromag 
netic design, and arranged in a unitary package. 

[0022] In order to attain the above and other related 
objects, in carrying out the present invention in one form 
thereof, a direct current electronically commutated DC fan 
motor is integrally assembled on a circuit board that also 
carries control circuit elements, With a portion of the motor 
passing through a region of the circuit board, With a stator 
coil positioned to one side of the rotor; and With electronic 
components positioned to the other side of the rotor. 

[0023] The components of the assembly include integrally 
molded multifunction components Which assist in the posi 
tioning, supporting and retention of various electrical and 
electronic components in proper operative positions. The 
coil is Wound on a bobbin Which includes integral means for 
positioning and securing the coil on the circuit board, to 
accommodate self-connecting Winding terminals Which also 
position, connect, and support the coil on the circuit board, 
and means for positioning and detachably securing the 
assembled fan motor and control circuit Within the assembly 
cover or housing, While at the same time preventing move 
ment of the assembly in orthogonal directions. 

[0024] Motor oil Well covers include integrally molded 
members that facilitate attachment to the motor end shields 
While also providing a tWo point axial support system for the 
integral motor and control assembly Within the refrigeration 
system. 

[0025] Preferred embodiments of our invention include a 
loW poWer brushless motor control that utiliZes a Hall device 
to sense the angular position of the rotor to control the 
commutation of the Windings. The Hall sensor is preferably 
pulsed during a portion of each cycle of operation and its 
output is sampled for operation and control of the motor in 
order to provide increased efficiency. It also is preferred to 
use solid state control circuitry to energiZe the ?eld coils of 
the motor only during the periods of their greater ef?ciency 
during each poWer cycle, and discontinuing the energiZation 
during the periods of loWered efficiency in order to further 
realiZe enhanced poWer ef?ciency. Another preferred 
embodiment of the present invention realiZes still further 
ef?ciency improvements through the use of a capacitor-feed 
bridge circuit coupling of the control circuitry to poWer 
semiconductors that energiZe the direct current motor. 

[0026] A stall or speed sensor is also preferably provided 
to detect decreased motor speed and motor stall, and apply 
a periodic starting torque pulse; and also to limit the mag 
nitude and duration of current ?oW through the motor under 
fault conditions. 


































