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HOPPER SPREADER WITH BACK EMF 
CONTROL AND HOPPER SYSTEM SPEED 

CONTROL 

CROSS - REFERENCE TO RELATED PATENT 
APPLICATION 

[ 0001 ] This patent application is continuation , of U.S. 
patent application Ser . No. 16 / 385,988 , filed Apr. 16 , 2019 , 
which is a continuation of U.S. patent application Ser . No. 
15 / 237,326 , filed Aug. 15 , 2016 , and which issued as U.S. 
Pat . No. 10,370,800 , the entire teachings and disclosure of 
which are incorporated herein by reference thereto . 

FIELD OF THE INVENTION 

[ 0002 ] The present invention relates generally to hopper 
spreaders and more particularly to hopper spreaders having 
a flow regulator configured to regulate flow of particulate 
material from the container . 

BACKGROUND OF THE INVENTION 

[ 0007 ] One issue however with varying speed on motors is 
that they typically lose performance when throttled back or 
run at low speeds . This has to do with the way the motors are 
regulated in speed . The net effect is that a customer cannot 
utilize the full rpm range of the spreader , and therefore 
limited in what the spreader can do , especially at low rpm 
settings . It is not uncommon for customers to run the 
spreader at full speed at all times mostly because of the 
spreader limitations . 
[ 0008 ] Vibrators are used in spreaders of all sorts includ 
ing , but not limited to , tailgate hopper spreaders and v - box 
auger / pintel chain spreaders . The purpose of the vibrator is 
to jar loose material from a bridged condition or stuck to the 
walls of the hopper so that the material falls down through 
the spreader and ultimately onto the spinner . 
[ 0009 ] One problem that is encountered is where turning 
the vibrator " on " can have undesirable consequences to 
either spreader performance or to overall pattern output . The 
ability to turn the vibrator “ on ” and “ off ” at the right time is 
advantageous with respect to optimum spreader perfor 
mance . This prevents the spreader from jamming up and 
tends to maximize the spreader pattern so there is no 
disruption in material dispersion . Further , it can be difficult 
to predict when to turn on and off the vibrator while 
spreading the material as the operator is typically facing 
forward while the material is being spread behind the 
operator . Thus , the operator is not always looking at the 
material exiting the hopper spreader to know whether or not 
the vibrator needs to be activated . Some materials can be 
over vibrated such that if too much vibration is provided , the 
materials will pack such that it will not flow out of the 
hopper . Thus , simply leaving the vibrator on at all times 
while operating the hopper spreader is not an ideal option . 
[ 0010 ] Bridged material that becomes jammed in the 
spreader may lead to the material becoming oversaturated 
with wetting solution , or may lead to the wetting solution 
being dumped into the chute without any material being 
dispensed . 
[ 0011 ] The present invention pertains to improvements in 
the state of the art with respect to hopper spreaders . These 
and other advantages of the invention , as well as additional 
inventive features , will be apparent from the description of 
the invention provided herein . 

[ 0003 ] The spreading of salt or other ice - melting materials 
as well as traction improving materials is a requirement in 
many areas for maintaining roads and driveways during the 
winter months . Various types of spreader units have been 
developed for spreading granular dry , free flow materials . 
Many such spreader units have been designed for mounting 
on vehicles such as trucks , either on the receiver of smaller 
trucks , or in the bed of larger commercial trucks that are 
used in wintertime road and driveway maintenance . 
[ 0004 ] Spreaders generally hold a supply of granular 
material such as sand , rock salt , flake ( calcium chloride ) , 
and / or bagged ice melters for distribution over a surface . 
Spreaders may be mounted in or on vehicle which may be 
driven over the surface to be treated . The material moves 
from a hopper to a motor - driven spinner that distributes the 
material to the surface over which the vehicle moves . 
[ 0005 ] Because salt spreaders are not used year round , 
they are generally removably mounted on the receiver of a 
truck , or , in the case of larger spreaders , in the bed of trucks . 
In either event , spreaders have a discharge outlet at the 
bottom of the hopper through which the particulate material , 
such as salt or sand , falls onto a spinning assembly or 
spinner . The spinner that is rotated by a drive assembly 
including an electric or hydraulic motor that causes the 
spinner to spread the particulate material discharged from 
the hopper over a wide distribution area behind the truck . 
The speed of the spinner may typically be varied to control 
the size of the area over which the particulate material is 
distributed 
[ 0006 ] In V - box spreaders and tailgate spreaders , the need 
for varying motor speeds is essential for optimum material 
spreading capabilities . The motors that are regulated in 
speed range from spinner motors , auger motors , vibrator 
motors , drum drives , drag chain drives and wetting systems 
drives . As used herein , " wetting system ” refers to a system 
for dispensing wetting solution onto anti - icing material so 
that , among other things , the material does not stick together 
and disperses in the manner desired . All of the above 
mentioned motors , when varied in speed , maximize profits 
for the customer , while maintaining conservation on mate 
rial usage and optimizing material effectiveness against ice 
and snow . 

BRIEF SUMMARY OF THE INVENTION 

[ 0012 ] In one aspect , embodiments of the invention pro 
vide a method of controlling a DC motor . The method 
includes the steps of providing a pulse - width modulated 
( PWM ) signal to operate the DC motor , measuring a voltage 
generated by the DC motor when the PWM signal is turned 
off , and determining a motor speed of the DC motor based 
on the measured voltage . The method further includes 
controlling the DC motor to maintain a relatively constant 
motor speed which corresponds to a desired motor speed 
setting . The relatively constant motor speed is maintained 
with varying loads placed on the DC motor . In the context 
of the present invention , “ relatively constant motor speed ” is 
defined to be within plus or minus 10 percent of the desired 
speed setting . 
[ 0013 ] The aforementioned method may further include 
controlling the PWM signal to increase the voltage to the DC 
motor as the load on the DC motor increases , and to decrease 
the voltage to the DC motor as the load on the DC motor 
decreases . 
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[ 0014 ] In a particular embodiment , measuring the voltage 
includes measuring the voltage using a microprocessor . 
Furthermore , measuring the voltage using a microprocessor 
may include measuring the voltage using a microprocessor 
with an integral analog - to - digital converter . 
[ 0015 ] In a further embodiment , the method calls for 
measuring the current supplied to the DC motor when the 
PWM signal is turned off In more particular embodiments , 
the voltage and current measurements occur within 3 mil 
liseconds of each other . In certain embodiment , the method 
also includes determining a torque produced by the one or 
more DC motors based on the measured current . 
[ 0016 ] The method may further include providing a sec 
ond pulse - width modulated ( PWM ) signal to operate a 
second DC motor , measuring a voltage generated by the 
second DC motor when the second PWM signal is turned 
off , and automatically activating a light when the measured 
voltage indicates that the second DC motor is operating . In 
a particular embodiment , the second DC motor is one of an 
auger motor , a spinner motor , and a wetting system motor . 
In an alternate embodiment , the second DC motor is one of 
a spinner motor , and a wetting system motor and the DC 
motor is one of an auger motor , and a conveyor motor . In yet 
another embodiment , the DC motor is one of a spinner 
motor , an auger motor , and a conveyor motor . 
[ 0017 ] In a further embodiment , the method calls for 
providing a second pulse - width modulated ( PWM ) signal to 
operate an auger motor , measuring a voltage generated by 
the auger motor when the second PWM signal is turned off , 
determining a material flow rate through the auger based on 
the measured voltage , and automatically activating a vibra 
tor when the material flow rate is below a first threshold 
value . The method may also include automatically deacti 
vating the vibrator when the material flow rate is above a 
second threshold value . In certain embodiments , the method 
includes using GPS data to correlate a material dispersion 
pattern to vehicle location coordinates and / or weather pat 
terns . 

[ 0018 ] In a further embodiment , the method calls for 
determining a material flow rate through an auger , with an 
electric motor , by measuring a voltage from the auger's 
electric motor when a PWM supply voltage to the electric 
motor is turned off , automatically activating a wetting sys 
tem if the material flow rate is above a first threshold value , 
and automatically deactivating the wetting system if the 
material flow rate is below a second threshold value . 
[ 0019 ] In another aspect , embodiments of the invention 
provide a motor control system configured to vary a motor 
speed of a DC motor . The system includes a microprocessor 
coupled to one or more DC motors . The microprocessor is 
configured to supply a pulse - width - modulated ( PWM ) sig 
nal to the one or more DC motors . The PWM signal provides 
a voltage to operate the one or more DC motors . The 
microprocessor is configured to measure an electric current 
supplied to the one or more DC motors , and also configured 
to measure a voltage generated by the one or more DC 
motors when the PWM signal is turned off . The micropro 
cessor is also configured to determine a motor speed of the 
one or more DC motors based on the measured voltage , and 
further configured to control the motor speed to maintain a 
relatively constant motor speed with varying loads placed on 
the one or more DC motors . 
[ 0020 ] The motor control system may include an analog 
to - digital converter used in the measurement of the voltage 

generated by the one or more DC motors . In certain embodi 
ments , the microprocessor is configured to maintain the 
relatively constant motor speed by controlling the PWM 
signal to increase the voltage to each of the one or more DC 
motors as the load on that DC motor increases , and to 
decrease the voltage to each of the one or more DC motors 
as the load on that DC motor decreases . 
[ 0021 ] The microprocessor may be configured to measure 
the voltage and measure the current within three millisec 
onds of each other . In some embodiments , the microproces 
sor is configured to determine a torque of the one or more 
DC motors based on the measured current . The motor 
control system may include an electric auger motor operated 
by a respective PWM signal , in which the microprocessor is 
configured to measure a voltage generated by the electric 
auger motor when its respective PWM signal is turned off , 
configured to determine a material flow rate through the 
auger based on the measured voltage from the electric auger 
motor , and further configured to automatically activate a 
vibrator motor when the material flow rate is below a first 
threshold value . Further , the microprocessor may be con 
figured to automatically deactivate the vibrator motor when 
the material flow rate is above a second threshold value . In 
certain embodiments of the invention , the microprocessor 
may be configured to automatically activate and deactivate 
two or more vibrator motors either simultaneously or in an 
alternating manner . 
[ 0022 ] The microprocessor may also be configured to use 
GPS data to correlate a material dispersion pattern to vehicle 
location coordinates and / or weather patterns . The motor 
control system may have a lighting system , in which the 
microprocessor is configured to measure a voltage generated 
by a second DC motor when the second PWM signal to the 
second motor is turned off , and further configured to auto 
matically activate the lighting system when the second DC 
motor is operating . In certain embodiments , the second DC 
motor is one of an auger motor , a spinning motor , and a 
wetting system motor . 
[ 0023 ] In a particular embodiment , the microprocessor is 
configured to determine a material flow rate through an 
auger , having an electric motor , by measuring a voltage from 
the auger's electric motor when a PWM supply voltage to 
the electric motor is turned off , and further configured to 
automatically activate a wetting system if the material flow 
rate is above a first threshold value , and automatically 
deactivate the wetting system if the material flow rate is 
below a second threshold value . 
[ 0024 ] In yet another aspect , embodiments of the inven 
tion provide a method of controlling a first DC motor of a 
hopper spreader . The method includes providing a pulse 
width modulated ( PWM ) signal to operate a second DC 
motor , measuring a voltage generated by the second DC 
motor when the PWM signal is turned off , and controlling 
the first DC motor based on the measured voltage . The first 
DC motor may be one of a vibrator motor , a spinner motor , 
and a wetting system motor . In a particular embodiment , the 
second DC motor is a conveyor motor and the first DC motor 
is a vibrator motor . 
[ 0025 ] In certain embodiments , when the measured volt 
age corresponds to a first load on the conveyor motor that is 
a below a threshold value , the vibrator motor is activated . 
When the measured voltage corresponds to a second load on 
the conveyor motor greater than the first load , the vibrator 
motor is deactivated . In alternate embodiments of the inven 

a 

a 
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[ 0040 ] While the invention will be described in connection 
with certain preferred embodiments , there is no intent to 
limit it to those embodiments . On the contrary , the intent is 
to cover all alternatives , modifications and equivalents as 
included within the spirit and scope of the invention as 
defined by the appended claims . 

DETAILED DESCRIPTION OF THE 
INVENTION 

tion , the method includes activating two or more vibrator 
motors either simultaneously or in an alternating manner . 
[ 0026 ] In some embodiments , the second DC motor is a 
conveyor motor driving a conveyor and the first DC motor 
is a motor running a wetting system . In this embodiment , the 
method includes determining a material flow rate provided 
by the conveyor , automatically activating the first DC motor 
if the material flow rate is above a first threshold value , and 
automatically deactivating the first DC motor if the material 
flow rate is below a second threshold value . 
[ 0027 ] In other embodiments , the second DC motor is a 
conveyor motor driving a conveyor and the first DC motor 
is a vibrator motor running a vibrator . In this embodiment , 
the method includes determining a material flow rate pro 
vided by the conveyor , automatically activating the first DC 
motor if the material flow rate is below a first threshold 
value , and automatically deactivating the first DC motor if 
the material flow rate is above a second threshold value . 
[ 0028 ] Still , in other embodiments , the second DC motor 
is a conveyor motor driving a conveyor and the first DC 
motor is a vibrator motor running a vibrator . In this embodi 
ment , the method includes determining a load on the con 
veyor motor , automatically activating the first DC motor if 
the determined load is below a first threshold value , and 
automatically deactivating the first DC motor if the deter 
mined load is above a second threshold value . 
[ 0029 ] Other aspects , objectives and advantages of the 
invention will become more apparent from the following 
detailed description when taken in conjunction with the 
accompanying drawings . 

a 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0030 ] The accompanying drawings incorporated in and 
forming a part of the specification illustrate several aspects 
of the present invention and , together with the description , 
serve to explain the principles of the invention . In the 
drawings : 
[ 0031 ] FIG . 1 is a perspective view of a spreader accord 
ing to an exemplary embodiment of the invention ; 
[ 0032 ] FIG . 2 is a side view of the spreader according to 
an exemplary embodiment of the invention ; 
[ 0033 ] FIG . 3 is a cross - sectional view of the spreader 
according to an exemplary embodiment of the invention ; 
[ 0034 ] FIG . 4 is an illustration of a vibrator , hopper wall , 
inverted - v baffle , and auger shown schematically according 
to an exemplary embodiment of the invention ; 
[ 0035 ] FIG . 5 is an illustration of the spreader with the 
hopper removed for illustrative purposes according to an 
exemplary embodiment of the invention ; and 
[ 0036 ] FIG . 6 is a schematic diagram of the electronic 
circuit for operation and control of the spreader shown in 
FIGS . 1-5 ; 
[ 0037 ] FIG . 7 is a graphical illustration showing RPM 
Output on the vertical axis versus the Motor Speed Setting 
on the horizontal axis for a conventional motor control 
system ; 
[ 0038 ] FIG . 8 is a graphical illustration showing RPM 
Output on the vertical axis versus the Motor Speed Setting 
on the horizontal axis for a motor control system constructed 
in accordance with an embodiment of the invention ; and 
[ 0039 ] FIG . 9 is a graphical illustration showing various 
signal traces produced by the motor control system , in 
accordance with an embodiment of the invention . 

[ 0041 ] Referring generally to FIGS . 1-5 , an embodiment 
of a hopper spreader 100 ( also referred to herein as “ spread 
100 ” ) is illustrated . In a particular embodiment , the spreader 
100 is configured to be coupled to a vehicle , for example 
mounted in the bed of a truck . The spreader 100 includes a 
storage container such as a hopper 104 that is configured to 
hold material such as dry , free flow , granular or particulate 
material such as salt , sand , a combination of salt and sand , 
etc. , for spreading over a surface . The spreader 100 also 
includes a conveyor such as a screw conveyor , drag chain or 
auger to move the granular material in the hopper 104 
toward a chute which directs the granular material to a 
spinning assembly 108 , which may distribute the granular 
material in an even and uniform flow pattern to the surface 
over which the vehicle travels . 
[ 0042 ] In a particular embodiment , the spreader 100 uses 
a combination of the hopper 104 , an auger 110 , an isolated 
vibrating inverted V - shaped baffle 112 , an inverted V - baffle 
adjustment mechanism , an internal suppression baffle , and 
an internal directional flow baffles , to transfer spreading 
media from the hopper 104 to the spinning assembly 108 and 
then to the surfaces below in an even and uniform flow 
pattern . Embodiments of the spreader 100 use a conveyor 
instead of an auger to move the spreading media . In a 
particular embodiment , the structure of the spreader 100 
may be enhanced with horizontally established rings that 
encircle the hopper structure forming a band structure that 
gives the hopper 104 vertical and horizontal structure , which 
may keep the walls of the hopper 104 from bulging and 
failing under loaded conditions . Additionally the upper 
structure may be reinforced with metal support structures 
that act as tension members to hold the upper hopper in 
position , while at the same time acting as a support structure 
for the grid and a support structure for the hold down 
structures ( i.e. brackets that straps use to attach the spreader 
100 to the bed of a truck ) . In yet another embodiment , the 
spreader 100 may be prevented from moving from side to 
side in the bed of a truck by the addition of side support 
boards that can be easily integrated into the lower support 
structure . 
[ 0043 ] To prevent the spreading media from being con 
taminated during transport , in one embodiment , a cover 102 
may be mounted on the hopper structure and stretched to 
conform to the upper hopper lip . Tubular structure inside the 
cover prevents the cover from coming off the hopper 104 , 
while acting as a handle to remove and then roll back the 
cover for stowage . A series of straps and clamps may be used 
to loop into the grid structure and bind the cover to the 
spreader 100 for transport when rolled up . With reference to 
FIG . 1 , an embodiment of a spreader 100 is illustrated . The 
spreader 100 is configured to be coupled to a vehicle , 
typically in the bed of a pickup truck . 
[ 0044 ] The spreader 100 may include a plurality of leg 
supports 190 under the spreader 100 which extend generally 
laterally with respect to the longitudinal axis of the auger 
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110 ( not visible in FIG . 1 ) . The spreader 100 also includes 
a plurality of legs 192 extending upwardly from the leg 
supports 190 to the hopper 104 and providing support for the 
hopper 104 against outwardly directed forces , buckling 
forces , etc. Located in the outer surface of the legs 192 are 
hook retention slots 194. A shock strap 196 coupled to a tarp 
188 has an end hook that may engage the retention slot 194 
to couple the tarp 188 to the hopper 104 . 
[ 0045 ] FIG . 2 illustrates a side view of an embodiment of 
a spreader 100. The spreader 100 includes a cover 102 
configured to cover and prevent contamination of the con 
tents of a storage hopper 104. Extending along the longitu 
dinal axis and closing the lower end of the hopper 104 is a 
lower portion acting as a closure and referred to herein as a 
trough 106. The hopper 104 and the trough 106 together 
define a container in which the hopper 104 is an upper 
portion thereof and the trough 106 is a lower portion thereof . 
The hopper 104 includes a sidewall extending from a first 
end configured to be closed by the cover and a second end 
closed by the trough 106. At one end , the trough 106 defines 
a dispensing aperture configured to release the contents of 
the hopper 104 to the spinning assembly 108. The spinning 
assembly 108 includes a spinner motor which drives a 
spinner located at the back of the spreader 100 for receiving 
particulate material discharged from the hopper 104 and 
spreading the particulate material over a distribution area . 
[ 0046 ] FIG . 3 is a cross - sectional view of an embodiment 
of the spreader 100. The spreader 100 includes a motor 
driven conveyor , shown as an auger 110 , extending along the 
longitudinal axis of the trough 106. In other embodiments , 
other suitable types of conveyors may be used , such as screw 
conveyors , drag chains , etc. The spreader 100 also includes 
a vibration transfer member , shown as a generally inverted 
V - shaped baffle 112 extending along the longitudinal axis of 
the hopper 104 above the auger 110. The V - shaped baffle 112 
functions to prevent the weight of all of the particulate 
material in the hopper 104 from jamming the auger 110. The 
spreader 100 also includes a vibrator assembly 114 config 
ured to vibrate as will be further described below . In other 
embodiments , the vibrator assembly 114 may be configured 
to vibrate the hopper 104 and / or the trough 106 instead of 
the inverted V - shaped baffle 112. Further , the vibrator 
assembly 114 may be located on a side of the hopper 104 
rather than an end as illustrated in FIG . 3 . 

[ 0047 ] FIG . 4 is a detailed cross - sectional view of an 
embodiment of the spreader 100 including the vibrator 
assembly 114 and the inverted V - shaped baffle 112. A 
vibrator 116 is coupled to the inverted V - shaped baffle 112 
by four spacers , two of which are shown in FIG . 4 as upper 
isolation spacer 118 and lower isolation spacer 120. The 
spacers 118 and 120 pass through the wall of the hopper 104 
and are coupled to an end plate 122 of the inverted V - shaped 
baffle 112 and support one end of the V - shaped baffle 112 . 
In one embodiment , the isolation spacers 118 and 120 may 
promote vibration transfer to the inverted V - shaped baffle 
112 and deter vibration transfer to the hopper 104 . 
[ 0048 ] With reference to FIG . 5 , a tube structure shown as 
a transition portion 123 extends from the end plate 122 
below the inverted V - shaped baffle 112 and supports the 
inverted V - shaped baffle 112. In one embodiment , the tran 
sition portion 123 is coupled to the inverted V - shaped baffle 
112 , such as , for example , by welding . In another embodi 
ment , the transition portion 123 is configured to transfer load 

through a large area of the inverted V - shaped baffle 112 , 
instead of the end of the V - shaped baffle 112 being welded 
directly to the end plate 122 . 
[ 0049 ] In the embodiment shown , the transition portion 
123 extends from the end plate 122 to a central V - plate 124 . 
The central V - plate 124 defines a plurality of upper apertures 
126 spaced apart along the length of the central V - plate 124 . 
The central V - plate 124 includes a plurality of support legs 
128 longitudinally offset from the upper apertures 126 and 
extending from each side . Further , the central V - plate 124 
defines outer passages 132 between the support legs 128 
configured to allow passage of particulate material between 
the central V - plate 124 and the hopper 104 . 
[ 0050 ] With further reference to FIG . 5 , in one embodi 
ment , the vibrator 116 may be configured to vibrate the 
V - shaped baffle 112 back and forth in a direction D ( see FIG . 
4 ) generally along the longitudinal axis of the hopper 104 , 
for example generally parallel to the longitudinal axis of the 
auger 110. Thus , the vibrator 116 and the inverted V - shaped 
baffle 112 are isolated from the hopper 104 in the direction 
of movement of the inverted V - shaped baffle 112. In one 
embodiment , the inverted V - shaped baffle 112 is allowed to 
slide horizontally , for example , back and forth in the direc 
tion D , relative to the hopper 104 to facilitate maximum 
vibration effects from the vibrator 116 . 
[ 0051 ] In another embodiment , the vibrator 116 may be 
coupled to the hopper 104 and not directly connected to the 
inverted V - shaped baffle 112. In still another embodiment , 
the vibrator 116 may be coupled to the trough 106 and not 
directly connected to the inverted V - shaped baffle 112. In 
still another embodiment , multiple vibrators may be pro 
vided to provide additional vibration at different locations 
within the hopper 104 or trough 106. In one embodiment , the 
opposite end of the inverted V - shaped baffle 112 proximate 
the discharge opening of the hopper 104 may be supported 
by extensions or support legs 128 with upturned ends 130 
coupled , for example , by being bolted to the hopper 104 . 
[ 0052 ] In one embodiment , the vibrator 116 may be a 
rotational offset weight vibrator . In another embodiment , the 
vibrator 116 may be an electric vibrator . In still another 
embodiment , the vibrator 116 may be a hydraulic vibrator . In 
yet another embodiment , the vibrator 116 may be a pneu 
matic vibrator . In another embodiment , the vibrator 116 may 
be a vertical type vibrator . In yet another embodiment , the 
vibrator 116 may be an oscillating vibrator . In still other 
embodiments , other suitable types of vibrators may be used . 
[ 0053 ] Typically , in V - box spreaders and tailgate spread 
ers , the need for varying motor speeds is essential for 
optimum material spreading capabilities . The motors that 
are regulated in speed range from spinner motors , auger 
motors , drum drives , drag chain drives and wetting systems 
drives . All these motors , when varied in speed , maximize 
profits for the customer , while maintaining conservation of 
material usage and optimizing material effectiveness against 
ice and snow . 
[ 0054 ] The main issue however with varying speed on 
motors is that they typically lose performance when throttled 
back or run at low speeds . This has to do with the way the 
motor speed is regulated in conventional systems . The net 
effect is that conventional systems typically cannot utilize 
the full motor speed or rpm range of the spreader , and are 
therefore limited in what the spreader can do , especially at 
low rpm settings . It is not uncommon for users of these 

a 
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conventional systems to run the spreader at full speed at all 
times primarily because of the control system limitations . 
[ 0055 ] In particular embodiments of the invention 
described below , a motor control system regulates the motor 
speed , or rpm level , to be constant regardless of the load 
place on the motor . In other words , the motor control system 
functions somewhat like the automatic cruise control system 
in an automobile . When the car is driving down a normal 
level highway , the engine maintains a uniform rpm and 
constant speed . When the car encounters a hill , the output of 
the engine will not be sufficient enough to keep the speed at 
the desired level , so the throttle is automatically depressed , 
causing the output of the motor to match the hill climbing 
loads and therefore maintain the speed that was set . 
Inversely , when the car goes down a hill , the throttle is 
closed in order to reduce the engine output , when it is not 
needed , to keep the speed from increasing beyond the 
desired level . 
[ 0056 ] Variations in the loading of the motors in a hopper 
spreader require that the power supplied to these motor be 
adjusted in accordance with the load variation . In particular , 
the flow of material controlled by the hopper 104 via the 
motor driven conveyor , e.g. auger 110 , varies as material is 
dispensed from the hopper 104. For instance , if the material 
bridges within the hopper 104 , loading of the conveyor will 
decrease such that less power is required to run it at a 
constant speed . Similarly , when the bridged material col 
lapses and rushes onto the conveyor , increased power is 
required to maintain a constant conveyor speed . 
[ 0057 ] FIG . 6 is a schematic diagram of the electronic 
circuit 200 for operation and control of the spreader 100 
described above and shown in FIGS . 1-5 . The electronic 
circuit 200 includes a microprocessor 202 coupled to one or 
more DC motors 204 , such as spinner motors or conveyor 
motors . One common method for varying the speed of the 
one or more DC motors 204 is to vary the voltage supplied 
to the DC motors 204. This supply voltage typically ranges 
from 3 volts to 12 volts on the motor speed setting scale . 
However , in particular embodiments of the invention , the 
voltage of the signal to the DC motors 204 may average 
anywhere from 0 to 12 volts direct current ( Vdc ) . Embodi 
ments of the invention include 24 - volt systems in which the 
voltage of the signal to the DC motors 204 may average 
anywhere from 0 to 24 Vdc . This is typically accomplished 
by pulse - width modulation ( PWM ) using , for example , 
some type of computer control . With respect to the afore 
mentioned spreader systems , the DC motor 204 may be 
of , though not limited to , a spinner motor , an auger motor , 
a conveyor motor , and a wetting system motor . 
[ 0058 ] PWM essentially involves turning a switch on and 
off very quickly in order to quickly turn a supply voltage on 
and off . When this occurs , the supply voltage typically varies 
between full voltage ( e.g. , 12 volts ) when the switch is on , 
and zero volts when the switch is off . Because the rotational 
speed of the one or more DC motors 204 is proportional to 
the voltage supplied , the motor speed or rpm level will be 
regulated as the PWM signal is correspondingly regulated 
up or down . The PWM signal meters voltage to the one or 
more DC motors 204 and therefore affects the motor speed 

voltage , an integrated analog - to - digital converter 206 in the 
microprocessor 202 generates a value that is proportional to 
the voltage . The PWM signal that operates the one or more 
DC motors 204 is provided at input 208 to the micropro 
cessor 202. The microprocessor 202 provides an output 
voltage 210 to each of the one or more DC motors 204. This 
output voltage 210 is designed to operate the one or more 
DC motors 204 at a desired motor speed , or rpm level . 
[ 0060 ] The electronic circuit 200 , as disclosed herein , 
allows the motor control system to utilize the full power 
band of the one or more DC motors 204 at all motor speeds , 
i.e. , at all rpm levels . This is accomplished by tracking the 
speed , or rpm level , of the one or more DC motors 204 by 
counting the generator output ( also referred to herein as the 
“ back EMF ” ) of the respective DC motors when the motors 
are off . As will be explained below , “ EMF ” stands for 
electromotive force , which may be generated by the collapse 
of a magnetic field . In conventional control systems , motor 
speed tracking is accomplished using encoders , switches and 
other sensor equipment . The system being disclosed in this 
application utilizes the motors generator feedback as a 
counting source . 
[ 0061 ] Whenever one of the DC motors 204 is activated 
by output voltage 210 , the commutator enlivens the motor's 
rotor coil . This coil , in turn , generates a magnetic field which 
then is used to rotate the DC motor 204. Once the magnetic 
field has served its purpose , it is shut off or , more specifi 
cally , the PWM signal can be turned off leading to the 
collapse of the magnetic field . The shutting off of the supply 
voltage then allows the DC motor 204 to function in its 
generator capacity , because when the output voltage 210 to 
the DC motor 204 is shut off , the magnetic field collapses 
back through the coil generating electricity . This back EMF 
pulse , created by the DC motor 204 , can be measured and 
counted . 
[ 0062 ] As stated , the magnetic field in the DC motor 204 
collapses when the power is removed . During that time , the 
DC motor 204 continues to rotate , and , therefore , acts like 
a generator producing a voltage that is proportional to its 
rotational speed . In typical embodiments , the PWM signal 
frequency is about 120 Hz + 5 Hz . That is , the PWM signal 
is switched on and off about 120 times per second . If the on 
time is the same as the off time , then the DC motor 204 sees 
an average supply voltage of about 6 volts and therefore 
rotates at a slower speed . As referenced above , by using 
PWM signals , it is possible to deliver the full voltage range 
from 0 to 12 volts for speed control . As the load on the DC 
motor 204 increases , the motor speed will slow , which can 
be sensed by a corresponding reduction in back EMF pulses . 
By increasing the on - time of the PWM signal relative to its 
off - time , more voltage is supplied to increase the power 
delivered to the DC motor 204. This may be done in order 
to achieve the desired motor speed , and , as a result , the 
corresponding back electromotive force ( EMF ) will be 
increased as well . 
[ 0063 ] Referring again to FIG . 6 , circuit location 212 is 
the input control from the microprocessor 202 where the 
voltage measurement of the aforementioned back EMF 
pulse is taken . Because the back EMF pulse is generated 
when the PWM signal is off , the voltage measurement also 
occurs when the PWM signal is off Circuit location 214 is 
the analog current measurement point for the current flowing 
into the one or more DC motors 204. This current measure 
ment can be used to determine a torque produced by the one 

. 

one 

or rpm . 
[ 0059 ] In certain embodiments , the microprocessor 202 is 
used to measure the voltage generated by the one or more 
DC motors 204 when the pulse - width modulation ( PWM ) 
signal is turned off . Following measurement of this analog 
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[ 0068 ] In certain embodiments , when the measured volt 
age corresponds to a first load on the conveyor motor that is 
a below a threshold value , the vibrator motor is activated by 
the microprocessor 202. When the measured voltage corre 
sponds to a second load on the conveyor motor greater than 
the first load , the vibrator motor is deactivated by the 
microprocessor 202. In alternate embodiments of the inven 
tion , the system includes two or more vibrator motors , which 
can be activated either simultaneously or in an alternating 
manner . 

a 

or more DC motors 204. In a particular embodiment , current 
to the one or more DC motors 204 is sampled when the 
PWM signal is turned off , and the voltage of the back EMF 
pulse is sampled about 2.5 milliseconds later , or more 
broadly within three milliseconds or the current sampling . 
[ 0064 ] In a particular embodiment , the current is sampled 
just at the point when the PWM is turned off ( see pulse 224 
in FIG.9 ) to provide protection to the DC motor 204 should 
the current threshold be exceeded . At this point , if the 
current threshold is exceeded , the microprocessor 202 will 
reduce the PWM voltage to maintain the current below the 
desired maximum allowable current for each DC motor 204 
in the system . In alternate embodiments of the invention , the 
time frame between current and voltage measurements could 
be more or less than three milliseconds . Generally , the time 
frame chosen is related to the PWM signal frequency . The 
3 - millisecond time frame is suitable for PWM signals of 
about 120 Hz . Higher frequencies might necessitate a time 
frame for current and voltage measurements that is less than 
three milliseconds , while lower frequencies might necessi 
tate a time frame that is greater than three milliseconds . 
[ 0065 ] As stated above , conventional motor speed track 
ing is typically accomplished using encoders , switches and 
other sensor equipment . With conventional motor control 
systems , one unfortunate side effect of reducing the speed of 
the motor is that the torque simultaneously drops as well . 
Torque is generated in an electric motor by the amount of 
amperage that the windings see at a given moment . The 
torque of the motor using a voltage - speed adjustment varies 
essentially from zero to the stall torque . The lowest torque 
value is seen at zero rpm , and the highest torque value is 
seen at the motor's full speed . 
[ 0066 ] In an exemplary embodiment , the motor control 
system may include an electric auger motor operated by a 
respective PWM signal , in which the microprocessor 202 is 
configured to measure a voltage generated by the electric 
auger motor when its respective PWM signal is turned off , 
and also configured to determine a material flow rate 
through the auger based on the measured voltage from the 
electric auger motor . The microprocessor 202 may also be 
configured to automatically activate a vibrator motor , for 
example , when the material flow rate is below a first 
threshold value . Further , the microprocessor 202 may be 
configured to automatically deactivate the vibrator motor 
when the material flow rate is above a second threshold 
value . In other embodiments of the invention , the micro 
processor 202 may be configured to automatically activate 
and deactivate two or more vibrator motors either simulta 
neously or in an alternating manner . Operation of the two or 
more vibrator motors could also be preset to automatically 
turn on and off at predefined times based , for example , on 
the type of material being dispensed . 
[ 0067 ] Broadly speaking , embodiments of the invention 
include a system and method of controlling a first DC motor 
204 of a hopper spreader . A pulse - width modulated ( PWM ) 
signal operates a second DC motor 204. The voltage gen 
erated by the second DC motor 204 when the PWM signal 
is turned off , is used to control the first DC motor 204 based 
on a measurement of the generated voltage . The first DC 
motor 204 may be one of a vibrator motor , a spinner motor , 
and a wetting system motor . In a particular embodiment , the 
second DC motor 204 is a conveyor motor and the first DC 
motor 204 is a vibrator motor . 

[ 0069 ] In an exemplary embodiment , the second DC 
motor 204 is a conveyor motor driving a conveyor , and the 
first DC motor 204 is a motor running a wetting system . In 
this embodiment , the material flow rate provided by the 
conveyor is determined . Based on this determination of the 
flow rate , the first DC motor 204 is automatically activated 
if the material flow rate is above a first threshold value , and 
automatically deactivated if the material flow rate is below 
a second threshold value . 
[ 0070 ] In other embodiments , the second DC motor 204 is 
a conveyor motor driving a conveyor and the first DC motor 
204 is a vibrator motor running a vibrator . In this embodi 
ment , the material flow rate provided by the conveyor is 
determined . Based on this determination of the flow rate , the 
first DC motor 204 is automatically activated if the material 
flow rate is below a first threshold value , and automatically 
deactivated if the material flow rate is above a second 
threshold value . 
[ 0071 ] Still , in other embodiments , the second DC motor 
204 is a conveyor motor driving a conveyor and the first DC 
motor 204 is a vibrator motor running a vibrator . In this 
embodiment , the load on the conveyor motor is determined . 
The first DC motor 204 is automatically activated if the 
determined load is below a first threshold value , and auto 
matically deactivated if the determined load is above a 
second threshold value 
[ 0072 ] FIG . 7 is a graphical illustration which shows how 
electric motors in conventional systems tend to slow down 
depending on the amount of the load placed on the motor . 
The graph of FIG . 7 shows motor speed as RPM Output on 
the vertical axis versus the Motor Speed Setting on the 
horizontal axis . Speed curves for five different loads are 
depicted in the graph . Throughout almost all of their ranges , 
each of the five speed curves shows a different RPM level 
for any given speed setting . Thus , if the motor being sensed 
is the conveyor motor , different rates of material are being 
dispensed for different loads at a given speed setting . For 
example , material is being dispensed faster for load 1 ( with 
no EMF sensing ) at speed setting 50 as compared to load 5 
( with no EMF sensing ) because the motor's RPM's are 
different even though a same speed setting is used . 
[ 0073 ] As explained above , the system being proposed 
herein utilizes the motor’s generator feedback as a counting 
source to determine the motor's RPM . In particular embodi 
ments of the invention , the motor control system regulates 
the motor speed , or rpm level , to be constant regardless of 
the load . FIG . 8 is a graphical illustration which shows how 
the motor control system disclosed herein avoids the prob 
lem described above with respect to the graph of FIG . 7 . 
[ 0074 ] In some ways , the motor control system of the 
present invention is somewhat like the automatic cruise 
control system in an automobile . When the car is driving 
down a normal level highway , the engine maintains a 
uniform motor speed , or rpm level . When the car encounters 
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a hill , the output of the engine will not be sufficient enough 
to keep the speed up , so the throttle is automatically 
depressed , increasing the output of the motor in order to 
handle the additional load placed on the engine by the hill , 
and to maintain the vehicle's speed at the setpoint . Inversely , 
when the car goes down a hill , the throttle is closed or 
partially closed in order to reduce motor output so that 
vehicle speed does not increase beyond the setpoint on the 
downhill terrain . 
[ 0075 ] As a result , the profile of the motor ( such as DC 
motor 204 ) , illustrated in FIG . 8 , changes from being one of 
multiple , separately - spaced speed lines , as shown in FIG . 7 , 
substantially to one single speed line throughout most of its 
range , because , in embodiments of the present invention , the 
motor control system supplies the right amount of voltage to 
keep the electric motor running at a constant motor speed for 
the given speed setting regardless of the load applied . The 
graphical illustration of FIG . 8 demonstrates how the use of 
back EMF works to ensure that the same loads 1 thru 5 , as 
depicted in FIG . 7 , may be placed on the electric motor 
controlled by a motor control system with electronic circuit 
200 , in order to yield the Speed Setting vs. RPM Output 
profile shown in FIG . 8. It is noted that once the motor hits 
a maximum power level , back EMF no longer allows for 
increased power and thus the lines start to separate as more 
power cannot be provided by the motor to increase the RPM . 
[ 0076 ] FIG . 9 is a graphical illustration showing various 
signal traces produced by the claimed invention . A first trace 
220 shows the PWM control signal and voltage to the one or 
more DC motors 204. A second trace 222 includes a first 
pulse 224 which shows when the analog - to - digital converter 
206 samples the current going to the auger motor . A second 
pulse 226 shows when the analog - to - digital converter 206 
( shown in FIG . 6 ) samples the voltage ( shown by arrow 228 ) 
generated by the auger motor when the PWM signal is off . 
Typically , conventional systems do not use a microprocessor 
to provide the precise timing needed to sample the back 
EMF measurement synchronized to the PWM signal . A third 
trace 230 has a first pulse 232 , which shows the sample 
timing for the current to the spinner motor , and a second 
pulse 234 , shows the sampling of the voltage generated by 
the spinner motor when the PWM signal is off Similarly , 
fourth trace 236 has first and second pulses 238 , 240 
showing the timing of current sampling and voltage mea 
surement for the drum motor . 
[ 0077 ] An electric motor can have a large amount of 
torque ( essentially stall torque ) when at zero rpm , especially 
if full voltage is applied in a controlled manner , so that the 
motor does not run away , when the load is released . This 
control system utilized the full torque potential at motor 
speeds , or all rpms , whereas conventional controls are 
limited to full power only being available at the full speed 
setting . This control enables full torque to be available at 
zero thru full rpm on a DC electric motor . 
[ 0078 ] It will be recognized by those of ordinary skill in 
the art that there are applications for the motor control 
system disclosed herein other than that described above . For 
example , with respect to automatic vibrator control , there 
are various methods for monitoring the material and hopper 
conditions . These methods include , but are not limited to , 
material level / height sensing , weight sensing , flow sensing 
( i.e. , rotating flow meter , motor load sensing , rpm sensing on 
auger or drag chain ) . The turning “ on ” and “ off ” of the 
vibrator 116 ( shown in FIG . 4 ) can be predetermined and 

turned on using an algorithm programmed into the micro 
processor 202 ( shown in FIG . 6 ) , or turned on using a timer , 
or set limit devices ( i.e. , material level sense : material is 
below sensor ) . 
[ 0079 ] In a particular embodiment of the invention , the 
microprocessor 202 is configured to automatically turn “ on ” 
and “ off ” the vibrator 116 ( shown in FIGS . 3 and 4 ) based 
on a material flow rate through the auger 110. This feature 
enhances the system's ability to provide optimum spreader 
performance . This feature also serves to prevent the spreader 
100 ( shown in FIG . 1 ) from jamming up , and thus maxi 
mizes the spreader pattern so there is no disruption in 
material dispersion . 
[ 0080 ] In an embodiment of the invention , a method for 
automatically turning the vibrator 116 “ on ” and “ off ” utilizes 
load - sensing on the auger 110 ( see FIGS . 3 and 4 ) , where the 
auger 110 is intended to engage the material and either meets 
or does not meet the expected amount of resistance from 
material flow through the auger 110. In a particular embodi 
ment , the load - sensing on the auger 110 is determined by the 
back EMF pulse received from the auger motor . As 
explained above , the back EMF . generated by a DC motor 
when the PWM signal is off , may be used to determine the 
motor speed or rpm level of the motor . The rpm level may 
indicate how much resistance the auger 110 is seeing . A 
small amount of resistance may correlate to a bridged 
condition , in which the flow of material to the auger is 
restricted . In an embodiment of the invention , when the 
back - EMF - based load - sensing apparatus indicates resis 
tance below a first threshold level , the vibrator 116 auto 
matically turns on . Turning on the vibrator 116 deluges the 
auger 110 with granular material causing the overall load 
draw on the auger 110 to increase . As the auger 110 
approaches a point where the material could overwhelm and 
possibly jam the auger 110 solid , the vibrator 116 automati 
cally shuts off . Thus , in this embodiment , when the back 
EMF - based load - sensing apparatus indicates resistance 
above a second threshold level , the vibrator 116 automati 
cally turns off . 
[ 0081 ] This cycle is repeated such that , the auger 110 
manages the granular material until the auger motor resis 
tance , as indicated by its back EMF , is small enough that the 
vibrator 116 should be turned on again . This cycle or loop 
continues indefinitely until the material is completely dis 
pensed out of the unit , at which time the auger 110 will meet 
little resistance . If the limited amount of resistance is sensed 
for an extended period of time , the auger can be automati 
cally turned off . The end user may also be notified auto 
matically that the material bin is empty . 
[ 0082 ] Additionally , in certain embodiments , when the 
auger 110 or the spinner become jammed , the vibrators 116 
are turned off automatically to prevent the auger from 
becoming further packed full of material or over - packing the 
material itself Also if the spinner is jammed , the auger 110 
shuts off automatically , and this by default shuts off the 
vibrators 116 when the auger 110 is not running This 
prevents the auger 110 from being jammed full of material 
and also prevents the auger 110 from dumping more material 
on the spinner when it is already overwhelmed . 
[ 0083 ] A GPS monitor can relate also vehicle speed to 
auger - spinner - wetting speed to optimize material spread / 
saturation / density over the desired work area . Additionally , 
the GPS system can relate weather conditions to the spreader 
system optimizing the material output for pavement condi 



US 2021/0363704 A1 Nov. 25 , 2021 
8 

a 

tions . The ability to use GPS data to correlate the material 
dispersion patterns to the location coordinates entered 
allows for the automatic adjustment of granular material 
dispersion based on the vehicle location and environment . 
As such , this feature is a desired element for an automatic 
material dispensing function . Additionally , this GPS feature 
is useful for monitoring and recording whether the dispens 
ing has been performed , the date and time the dispensing 
have been performed , the length of time performed , and 
whether the correct quantities were dispersed . 
[ 0084 ] In a particular embodiment of the invention , when 
the spreader 100 encounters a jam condition with either the 
auger 110 or the spinner system , the wetting system auto 
matically shut off . The wetting system dispenses wetting 
materials onto the spreading medium and in doing so 
saturates the material at a given saturation level . The satu 
ration level changes when the material feed rate increases or 
decreases . As a result , the wetting solution is dispensed more 
when the material feed rate is high , and less when the 
material feed rate is low . The relationship between feed rate 
and wetting pump flow rate can be equated by numerous 
means , mechanical , auger speed sensing , chain speed sens 
ing , material flow rate sensing ( using a hall effect . capacitor 
sensors or even resonate sensors ) . 
[ 0085 ] In a particular embodiment of the invention , the 
auger speed is sensed and the pump flow rate from the 
wetting system is adjusted based on the auger speed . More 
specifically , the speed of the auger's electric motor is 
determined based on its back EMF pulse generated when the 
PWM signal to the auger’s motor is turned off . Based on the 
voltage measurement from the back EMF pulse , the granular 
material flow rate through the auger can be determined . The 
wetting system can be automatically activated if the material 
flow rate , as determined by the back EMF pulse voltage is 
above a first threshold value , and automatically deactivated 
if the material flow rate , as determined by the back EMF 
pulse voltage , is below a second threshold value . In addition 
to activation and deactivation , the flow rate of the wetting 
system can be increased or decreased while in an activated 
state to better match the flow rate of granular material . 
[ 0086 ] The actual map of the flow and material dispensing 
can be optimized by material type sensing ( material types 
have different signatures that can be recognized : i.e. , weight , 
density , humidity , electrical conductivity , etc. ) . The sensing 
can be optimized to mechanical devices that turn on the 
pump motors , or complex computer controlled devices that 
monitor multiple material elements to optimize the material 
output and material saturation . 
[ 0087 ] Another feature of the present invention is the 
ability to automatically turn on and off a light , or another 
auxiliary circuit , depending on the conditions . The lighting 
control circuit includes the microprocessor 202 ( shown in 
FIG . 6 ) , which can be linked to auger 110. More specifically , 
the back EMF pulse of the auger's electric motor can be 
monitored so that vehicle lighting can be activated auto 
matically whenever the auger 110 ( shown in FIGS . 3 and 4 ) 
is activated . Optionally , this automatic lighting feature may 
be configured to activate upon initiation of other events , 
such as when the vibrator 116 turns on , when the wetting 
system turns on , or when the spinner turns on . That is , the 
back EMF pulse from the electric motors for each of these 
systems can be monitored to trigger the automatic lighting . 
As a result , visibility of the material being dispersed , espe 
cially at night , is improved so that the end user can 

adequately verify proper dispersal of anti - icing materials . 
Typically , at least some , of the lighting will be aimed at the 
output of the spreader 100 . 
[ 0088 ] One benefit of the automatic lighting circuit is the 
ability to keep the light going , especially during a jam 
condition . In particular embodiments , instead of completely 
turning off the light , the light is kept on so that inspection of 
the spreader 100 ( shown in FIG . 1 ) is possible . Thus , the 
user does not have to manually turn on the light . If this 
embodiment , the automatic light is designed to stay on not 
just when the granular material is being dispensed , but also 
during a critical jamming event . As explained above , this 
can be accomplished by monitoring the EMF pulses , or lack 
thereof , generated by the electric motors of various spreader 
subsystems . 
[ 0089 ] All references , including publications , patent appli 
cations , and patents cited herein are hereby incorporated by 
reference to the same extent as if each reference were 
individually and specifically indicated to be incorporated by 
reference and were set forth in its entirety herein . 
[ 0090 ] The use of the terms “ a ” and “ an ” and “ the ” and 
similar referents in the context of describing the invention 
( especially in the context of the following claims ) is to be 
construed to cover both the singular and the plural , unless 
otherwise indicated herein or clearly contradicted by con 
text . The terms “ comprising , ” “ having , ” “ including , " and 
" containing ” are to be construed as open - ended terms ( i.e. , 
meaning “ including , but not limited to , " ) unless otherwise 
noted . Recitation of ranges of values herein are merely 
intended to serve as a shorthand method of referring indi 
vidually to each separate value falling within the range , 
unless otherwise indicated herein , and each separate value is 
incorporated into the specification as if it were individually 
recited herein . All methods described herein can be per 
formed in any suitable order unless otherwise indicated 
herein or otherwise clearly contradicted by context . The use 
of any and all examples , or exemplary language ( e.g. , " such 
as ” ) provided herein , is intended merely to better illuminate 
the invention and does not pose a limitation on the scope of 
the invention unless otherwise claimed . No language in the 
specification should be construed as indicating any non 
claimed element as essential to the practice of the invention . 
[ 0091 ] Preferred embodiments of this invention are 
described herein , including the best mode known to the 
inventors for carrying out the invention . Variations of those 
preferred embodiments may become apparent to those of 
ordinary skill in the art upon reading the foregoing descrip 
tion . The inventors expect skilled artisans to employ such 
variations as appropriate , and the inventors intend for the 
invention to be practiced otherwise than as specifically 
described herein . Accordingly , this invention includes all 
modifications and equivalents of the subject matter recited in 
the claims appended hereto as permitted by applicable law . 
Moreover , any combination of the above - described elements 
in all possible variations thereof is encompassed by the 
invention unless otherwise indicated herein or otherwise 
clearly contradicted by context . 
What is claimed is : 
1. A method of controlling a DC motor of a hopper 

spreader , the method comprising the steps of : 
providing a pulse - width modulated ( PWM ) signal to 

operate the DC motor of the hopper spreader ; 
measuring a voltage generated by the DC motor of the 

hopper spreader when the PWM signal is turned off ; 

a 
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determining a motor speed of the DC motor of the hopper 
spreader based on the measured voltage ; 

controlling the DC motor of the hopper spreader to 
maintain a relatively constant motor speed which cor 
responds to a desired motor speed setting , the relatively 
constant motor speed being maintained with varying 
loads placed on the DC motor . 

2. The method of claim 1 , wherein controlling the DC 
motor of the hopper spreader to maintain the relatively 
constant motor speed comprises controlling the PWM signal 
to increase the voltage to the DC motor as the load on the DC 
motor increases , and to decrease the voltage to the DC motor 
as the load on the DC motor decreases . 

3. The method of claim 1 , wherein measuring the voltage 
comprises measuring the voltage using a microprocessor . 

4. The method of claim 3 , wherein measuring the voltage 
using a microprocessor comprises measuring the voltage 
using a microprocessor with an integral analog - to - digital 
converter . 

5. The method of claim 3 , further comprising storing the 
desired motor speed setting in the microprocessor . 

6. The method of claim 1 , further comprising measuring 
a current supplied to the DC motor when the PWM signal is 
turned off . 

7. The method of claim 6 , further comprising determining 
a torque produced by the DC motor based on the measured 
current . 

8. The method of claim 1 , further comprising utilizing a 
full torque potential of the DC motor at all speeds of the DC 
motor . 

9. The method of claim 1 , further comprising using GPS 
data to correlate a material dispersion pattern to vehicle 
location coordinates and / or weather patterns . 

10. A motor control system configured to vary a motor 
speed of one or more DC motors , the system comprising : 

a microprocessor coupled to the one or more DC motors , 
the microprocessor configured to supply a pulse - width 
modulated ( PWM ) signal to the one or more DC 
motors , the PWM signal providing a voltage to operate 
the one or more DC motors ; 

wherein the microprocessor is configured to measure an 
electric current supplied to the one or more DC motors , 
and being further configured to measure a voltage 
generated by the one or more DC motors when the 
PWM signal is turned off ; 

wherein the microprocessor is configured to determine a 
motor speed of the one or more DC motors based on the 
measured voltage , and further configured to control the 
motor speed to maintain a relatively constant motor 
speed with varying loads placed on the one or more DC 
motors . 

11. The motor control system of claim 10 , further com 
prising an analog - to - digital converter used in the measure 
ment of the voltage generated by the one or more DC 
motors . 

12. The motor control system of claim 10 , wherein the 
microprocessor is configured to maintain the relatively con 
stant motor speed by controlling the PWM signal to increase 
the voltage to each of the one or more DC motors as the load 
on that DC motor increases , and to decrease the voltage to 
each of the one or more DC motors as the load on that DC 
motor decreases . 

13. The motor control system of claim 10 , wherein the 
microprocessor is configured to determine a torque of the 
one or more DC motors based on the measured current . 

14. The motor control system of claim 10 , wherein the 
microprocessor is configured to operate each of the one or 
more DC motors at full torque at all speeds . 

15. The motor control system of claim 10 , wherein the 
microprocessor is configured to use GPS data to correlate a 
material dispersion pattern to vehicle location coordinates 
and / or weather patterns . 

16. The motor control system of claim 10 , further com 
prising a lighting system , wherein the microprocessor is 
configured to measure a voltage generated by a second DC 
motor when the second PWM signal to the second motor is 
turned off , and further configured to automatically activate 
the lighting system when the second DC motor is operating . 

? 

2 


