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A fan control system for a vehicle cooling system Includes forward and reverse relays connected to a microprocessor based
timer control. A third relay I1s controlled by a single temperature responsive switch or thermostat and selects either the high
speed or low speed winding of an electric radiator fan or similar engine cooling device dependent on the temperature sensed by
the thermostat. The thermostat also provides an input to the timer control to adjust or interrupt preselected timing functions for
certain fan conditions. Upon start-up of the engine, the control initiates a first delay period during which the fan is maintained In
the off condition regardless of the temperature of the coolant. After the initial delay, a second and longer delay period Is Initiated
to maintain the fan in the off condition provided the sensed temperature remains below a preselected level.
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FAN CONTROL
Abstract of the Invention

A fan control system for a vehicle cooling system includes forward and reverse relays
connected to a microprocessor based timer control. A third relay is controlled by a single
temperature responsive switch or thermostat and selects either the high speed or low speed
winding of an electric radiator fan or similar engine cooling device dependent on the
temperature sensed by the thermostat. The thermostat also provides an input to the timer
control to adjust or interrupt preselected timing functions for certain fan conditions. Upon
start-up of the engine, the control initiates a first delay period during which the fan is
maintained in the off condition regardless of the temperature of the coolant. After the initial

delay, a second and longer delay period is initiated to maintain the fan in the off condition

provided the sensed temperature remains below a preselected level.
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FAN CONTROL

Background of the Invention
1) Field of the Invention:

The present invention relates generally to cooling systems, and more specifically to a
fan control for controlling speed and direction of an electric radiator fan or similar cooling
device.

2) Related Art:

Off-road vehicles typically include electric fans to cool a radiator through which
engine coolant circulates. Harsh environmental conditions result in build-up of debris on the
radiator, and fan reversing systems are available to briefly reverse the fan direction
periodically to clean the radiator or fan filter screen of accumulated debris. Such systems
often have analog timers to control fan reversal, but achieving the long time delays requires
several timers and is expensive.

Additional fan controls including two or more thermostats are often provided to
achieve low speed fan operation until the coolant temperature reaches a threshold
temperature and higher speed operation when the temperature is above threshold. Such
varying fan speed operation increases efficiency, reduces noise and reduces the engine,
battery and alternator loads until after the engine has reached the normal operating speed.
The additional thermostat or thermostats necessary for the multi-speed fan operation add
cost and complexity to the system. In some systems, the fan will automatically start when
cranking the engine if the coolant temperature is above a preselected temperature thereby
Increasing drain on the battery during starting and adding load on the engine and alternator

before the engine reaches normal operating speed.
Summary of the Invention

It is therefore an object of the present invention to provide an improved fan control
which overcomes most or all of the aforementioned problems. It is another object to provide
such a control which is relatively simple and inexpensive in construction and yet provides
many or all of the features of more complex and expensive control systems. It is a further
object to provide such a control which reduces noise and minimizes engine, battery and
alternator loads at start-up prior to the engine reaching normal operating conditions. It is still
another object to provide such a control which has a fan reversal feature so that
accumulated debris on the radiator of filter screen is removed.

It is another object of the present invention to provide an improved fan control which
achieves more than one fan speed without need for more than one thermostat. It is a further
object to provide such a control which reduces battery and alternator loading during and
immediately following start-up. It is yet another object to provide such a control which
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simulates multi-thermostat operation with only one thermostat. It is a further object to
provide such a circuit which advantageously utilizes the single thermostat as an input to a
timer control.

It is a further object of the present invention to provide an Improved cooling system
motor control which is simple and reliable in construction. It is a further object to provide
such a control which eliminates the need for expensive analog timers and mulitiple heat
responsive switches and yet which provides similar control functions as circuits with these

elements. It is still another object to provide such a control which advantageously utilizes

relays in a unique configuration for controlling motor direction and speed.

A motor control constructed in accordance with the teachings of the present invention
Includes forward and reverse relays connected to a microprocessor based timer control. A
third relay is controlled by a single temperature responsive switch or thermostat and selects
either the high speed or low speed winding of an electric radiator fan or similar engine
cooling device dependent on the temperature sensed by the thermostat. The thermostat
also provides an input to the timer control to adjust or interrupt preselected timing functions
for certain fan conditions.

Upon start-up of the engine, the control initiates a first delay period, preferably about
twenty seconds, during which the fan is maintained in the off condition regardless of the
temperature of the coolant. This initial fan off period reduces battery drain on start up,
reduces noise, and reduces engine load a few moments until the engine has stabilized.
After the initial delay, a second and longer delay period is initiated to maintain the fan in the
off condition provided the sensed temperature remains below a preselected level.

These and other objects, features and advantages of the present invention will
become apparent to one skilled in the art upon reading the following detailed description in
view of the drawings.

Brief Description of the Drawings

FIG. 1 is a schematic of a fan control circuit.

FIG. 2 is a schematic of the fan timer module for the circuit of FIG. 1.
FIG. 3 is a logic diagram for the fan control circuit of FIG. 1.

Description of the Preferred Embodiment

Referring now to FIG. 1, therein is shown a fan contro! circuit 10 for a cooling system
of a vehicle indicated generally at 12. The cooling system 12 includes a radiator 14 and an
electrically driven fan 16 for blowing air through the radiator to remove heat from coolant
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circulating in the radiator. The fan 16 is reversible and as shown has at least two speeds
Including a low speed and a high speed. The vehicle includes a battery 18 connected to a
conventional key switch 20 having off, on and start positions. A starter 22 for the vehicle
engine is connected to a start terminal on the key switch 20.

The positive (B+) terminal of the battery 18 is connected via line 30 to one of a pair of
Input terminals on forward and reverse relays 34 and 36, respectively. The other input
terminal of each of the relays is connected to ground. The relays 34 and 36 include first
control terminals 44 and 46 connected to the respective relay coils and to a switched output
terminal 48 on the key switch 20. The relay coils have second terminals 54 and 56
connected to a timing control module 60 via forward and reverse terminals 64 and 66. The
switched output terminal 48 is also connected to one terminal 72 of a thermostat or
temperature controlled switch 70 through a coil of a speed control relay 74. The switch 70 is
open when the coolant is below a preselected temperature, preferably about 180 degrees,
and closes when the coolant rises above this temperature. The other terminal of the switch
70 is connected to ground so the relay 74 is activated when the temperature rises above the
preselected level. The terminal 72 is also connected to the control module 60 via terminal
/6 so the terminal 76 is high when the switch 70 is open and low when the switch 70 is
closed.

The forward relay 34 includes an output terminal 84 connected directly to low speed
Input line 86 of the fan 16. A return line 88 from the fan 16 is connected to terminal 96 of the
reverse relay 36. The fan 16 also includes a high speed input line 100 connected to the
switched terminal 104 of the speed control relay 74. Diodes D1 and D2 connected between
ground and the relay terminals 84 and 96 protect against large reverse voltage spikes
caused by switching of the inductive fan motor load.

The timing control module 60 includes a microcontroller 110 having a terminal (1)
connected to a source of power Vcc, preferably a five volt supply, and a terminal (8)
connected to ground. A capacitor C1 is connected between the terminal and ground. The
terminals 64 and 66 are connected to terminals 5 and 2 of the microcontroller 110 through
resistors R1 and R2. Grounding NPN transistors T1 and T2 include collectors connected to
the terminals 64 and 66 and bases connected to terminals 7 and 3 of the microcontroller
through resistor R3 and R4 and to ground through resistors R5 and RS. Spike limiting
diodes D3 and D4 are connected from the collectors of the transistors T1 and T2 to the
battery 18. The microcontroller 110 briefly turns on the transistors T1 and T2 and checks the

terminals 5 and 2 to monitor the collector-emitter voltages Vce of the transistors T1 and T2
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via resistors R1 and R2. If a transistor output pin is erroneously connected directly to the
battery 18 or there is a short to B+, a high Vce indicative of a saturation condition will be
detected during the brief transistor test turn-on time, and the microprocessor 110 prevents
any damaging prolonged turn-on of the transistor.

A resistor R7 connects the terminal 72 of the temperature controlled switch 70 to the
input 6 of the microcontroller 110. A resistor R8 and capacitor C2 are connected in parallel
between the input 6 and ground. When the coolant temperature reaches the preselected
temperature (about 180 degrees), the switch 70 closes to ground the iInput terminal 76 and
provide a temperature signal to the microcontroller 110. Closing of the switch 70 with the

terminal 48 powered activates the speed control relay 74 to connect the high speed winding
of the fan to power and facilitate high speed fan operation after a delay period upon engine
start up. The fan 16 normally rotates in a forward direction to direct air through the radiator
14 in a first direction. For forward fan operation, the relay 34 is activated (T1 is turned on) to
connect the positive terminal of the battery 18 directly to the low speed line 86 and to the
speed control relay 74. The relay 36 remains inactivated (as shown in FIG. 1, with T2 in the
off condition) to connect the return line 88 from the fan 16 to ground. For reverse operation
of the fan 16, T2 is turned on and T1 is turned off so that the relay 34 is inactivated and 36
Is activated, thereby powering the line 88 from the positive terminal of the battery 18.

The microcontroller 110 evaluates vehicle starting, accumulated engine running time,
and coolant temperature to automatically control fan turn on and turn off, fan speed and fan
direction. To provide full battery power for start up of the engine, reduce engine loads during
the first few moments of engine operation until operation has stabilized, and reduce noise,
the control module prevents fan operation during a first delay (122 of FIG. 3) after power up
(120), regardless of the state of the temperature controlled switch 70. At power up 120, the
microcontroller maintains the transistors T1 and T2 in the off condition (terminals 7 and 3 are
low) for the period t1, preferably about 20 seconds. so that the lines 84, 86 and 88 are
grounded through the relays 34 and 36 and the fan 16 remains unpowered. Assuming the
temperature of the coolant is below the preselected temperature so the switch 70 is open,
the controlier establishes a second period t2 (see 124 of FIG. 3), which preferably is
approximately four minutes, wherein the fan 16 is retained in the off condition. During the
period t2, the microcontroller 110 senses state of the switch 70 by monitoring input 6. If
coolant temperature rises above the preselected level so the Input 6 goes low, the
microcontroller 110 sets the terminal 7 high to turn on the transistor T1 and activate the
forward relay 34 so the fan 16 begins to operate. If the switch 70 remains open, the
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microcontroller 110 sets the terminal 7 high to turn on the forward relay 34 and activate the
fan 16 for a period t3 (126 of FIG. 3) which preferably is approximately five minutes. Fan
speed Is determined by the condition of the switch 70. If the switch 70 is closed, the fan
speed relay 74 will activate to connect power to the high speed input line 100. If the coolant
temperature then cools below the threshold temperature so that the switch 70 opens, the
relay 74 will deactivate so only the low speed input line 86 is energized and the fan will run
at the slow speed until the switch 70 closes with rising coolant temperature. The initial off
periods and low speed fan operation while the coolant is below the preselected temperature
reduces noise and power requirements and provides the Impression and advantages of a
system having at ieast two thermostatic switches with only a single switch 70.

After the period t3 (126), the microprocessor initiates a short routine for reversing the
fan 16 to reverse the direction of airflow through the radiator 14 to help clear any debris that
may have accumulated. First, power to the fan 16 is cut off for a short period (see t4 of 128),
preferably about two seconds so the fan stops, by setting the terminals 7 and 3 of the
microcontroller 110 low to turn off the transistors T1 and T2 to deactivate the relays 34 and
36. After the delay t4, the fan 16 is operated in the reverse condition for a period t5 (see 130
of FIG. 3) as the microcontroller 110 sets the terminal 3 to high to turn on the transistor T2,
activating the reverse relay 36 and supplying battery power to the line 88. The fan 16 runs in
reverse to clear debris from the radiator 14 (or from the fan filter or similar debris-
accumulating structure).

After the period t5, which preferably is about five seconds, the microcontroller 110
again sets the terminals 7 and 3 to the low condition so the relays 34 and 36 are deactivated
and the fan 16 is unpowered for a period t6 (132 of FIG. 3) and stops. After the period t6,
the fan is again run in the forward direction for the period t3 at 126. The forward - reverse
cycle 126 - 132 is continued until vehicle shut-down or interruption of power for any reason.

By way of example only, the following component values have been found to provide
reliable operation:

R1, R2 10k ohms

R3 through R8 1k ohms

C1, C2 01 uf

Microprocessor 111 PIC12C508 available from Microchip Technology Inc.

Having described the preferred embodiment. it will become apparent that various
modifications can be made without departing from the scope of the invention as defined in

the accompanying claims.
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Claims

The embodiments of the invention in which an exclusive property or privilege is
claimed are defined as follows:

1. A cooling system for a vehicle having an engine, an electrical system, and a
starter system activatable to start the engine, the cooling system comprising:

a radiator including circulating coolant fluid:

a temperature sensor providing a signal dependent upon sensed temperature of a
coolant fluid;

an electrically operated variable speed cooling device having a plurality of operating
conditions and connected to the electrical system;

a control operably connected to the cooling device and the temperature sensor: and

wherein the control includes a timing circuit providing first and second time periods,
the control establishing a first device operating condition for the first time period after starting
of the engine, a second device operating condition for the second time period after the first
period, and a third operating condition after the second period.

2. The system as set forth in claim 1 wherein the first operating condition is an off
condition for limiting cooling device noise and engine load during and iImmediately after
starting of the engine.

3. The system as set forth in claim 2 wherein the second operating condition is also
an off condition and wherein the control is responsive to the temperature sensor signal to
interrupt the second time period to start cooling device operation if the signhal indicates a
temperature above a preselected level.

4. The system as set forth in claim 1 wherein the first operating condition is an off
condition, and the third operating condition is a full speed condition if sensed temperature is
above a preselected temperature and an intermediate speed condition if the sensed
temperature is below the preselected temperature.

5. The system as set forth in claim 4 wherein the first time period is a first fixed
period of time, the second time period is normally a second fixed period of time, and the
control is responsive to the sensed temperature to shorten the second time period in
response to the sensed temperature exceeding the preselected temperature.

6. The system as set forth in claim 5 wherein the temperature sensor comprises a
single heat activated switch.

/. The system as set forth in claim 1 wherein the variable speed cooling device
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comprises a reversible fan and the third operating condition comprises a fan speed condition
with rotation of the fan in a first direction, the control circuit also providing a fourth operating
condition wherein rotation of the fan is in a direction opposite the first direction to thereby
help remove debris from the radiator.

8. The system as set forth in claim 7 wherein the control circuit provides the third
operating condition for a third time period substantially greater than the second time period.

9. The system as set forth in claim 8 wherein the third time period is substantially
greater than the time the fan is rotated in the direction opposite the first direction.

10. The system as set forth in claim 7 wherein the second operating condition
comprises a fan off condition, and wherein the first operating condition comprises a fan off
condition to reduce engine loading and noise immediately after the engine is started.

11. A cooling system for a vehicle having an engine and a starter system activatable
to start the engine, the cooling system comprising:

a radiator including circulating coolant fluid:

an electrically operated variable speed fan rotatable in forward and reverse
directions;

a control operably connected to the fan for controlling the speed and direction of the
fan;

a temperature sensor providing a coolant temperature signal to the control: and

the control providing a zero speed fan operation for first and second delay periods
after the engine is started and forward speed operation after the second delay period, the
second delay period having a preselected maximum length, and wherein the control is
responsive to the coolant temperature signal to shorten the second delay period if the
coolant temperature exceeds a preselected maximum temperature prior to termination of the
second delay period.

12. The system as set forth in claim 11 wherein the temperature sensor comprises a
single switch having a first condition when the coolant temperature is below the preselected
maximum temperature and a second condition when the coolant temperature is above the
preselected maximum temperature.

13. The system as set forth in claim 12 wherein the control is responsive to the
second condition of the single switch to provide forward fan operation before the end of the
delay period.

14. The system as set forth in claim 11 wherein the control delays operation of the

fan for the first delay period time regardless of the coolant temperature signal to reduce
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noise and engine load immediately after the engine is started.

15. The system as set forth in claim 14 wherein the first delay period is
approximately twenty seconds, and the preselected maximum length is approximately four
minutes, and wherein fan speed after the second delay period is dependant on the coolant
temperature signal.

16. The system as set forth in claim 11 wherein the control includes a fan reversing
circuit to reverse the fan for a period of time to help clear debris from the radiator.

17. A cooling system for a vehicle having an engine and a starter system activatable
to start the engine, the cooling system comprising:

a radiator including circulating coolant fiuid:

an electrically operated variable speed radiator fan rotatable in forward and reverse
directions:;

a control operably connected to the fan to control the speed and direction of the fan:

a temperature sensor providing a coolant temperature signal to the control:

the control providing fan operation in the forward direction after a delay period after
the engine is started, the delay period dependent upon the coolant temperature signal; and

wherein the control provides temporary fan operation in the reverse direction to help
clear debris from the radiator.

18. The system as set forth in claim 17 wherein the delay period has a preselected
maximum length, and wherein the control is responsive to the coolant temperature signal to
shorten the period if the coolant temperature exceeds a preselected maximum temperature.

19. The system as set forth in claim 18 wherein the control includes a timer
establishing the delay period, and the temperature sensor comprises a single temperature
responsive switch having an open and a closed condition. wherein the control is responsive
to a change in condition of the switch to shorten the delay period in response to the coolant
temperature rising above a preselected temperature.

20. The system as set forth in claim 19 wherein the delay period has a preselected
minimum length independent of the switch condition to temporarily reduce noise and engine
load immediately after the engine is started.

21. The system as set forth in claim 17 including reversing relay structure connected
to the fan and a fan speed control relay connected to the fan. and wherein the control

comprises a microprocessor controlied timer connected to the reversing relay structure and

to the fan speed control relay and establishing the delay period.

22. The system as set forth in claim 21 wherein the temperature sensor comprises a
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switch having first and second terminals, the first terminal connected to ground and the

second terminal connected to the fan speed control relay and to an input on the
MICroprocessor.
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