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METHOD AND APPARATUS FOR CONTROLLING 
A VARIABLE SPEED FAN IN AN IMAGE 

FORMING DEVICE 

TECHNICAL FIELD 

[0001] The present invention relates generally to image 
forming equipment and is particularly directed to equipment 
of the type Which includes a fan for cooling. The invention 
is speci?cally disclosed as a variable speed fan and control 
ler that quickly settles into an appropriate operating speed, 
even if the fan has been neWly installed into the equipment. 

BACKGROUND OF THE INVENTION 

[0002] In many modern electronic devices a cooling fan is 
used to regulate the temperature of the device during opera 
tion. In most laser printers, this is an especially important 
design element due to the presence of an active heating 
element, typically a fuser that melts the toner to the paper. 
In such equipment, the cooling fan must be controlled in 
such a Way so as to strike a suitable balance betWeen tWo 

competing goals of controlling the internal temperature of 
the device and minimizing the acoustic impact of the device 
upon its environment. The designer can alWays install a fan 
that bloWs more air, but this approach quite often causes a 
greater noise level that usually is undesirable. 

[0003] In laser printers, for example, it is common practice 
to operate an internal cooling fan at more than one speed, 
tailoring the fan’s operation to the needs of the printer in 
each of its operating modes. For example, one might operate 
the fan at a high speed during active printing operations to 
ensure maximum cooling ef?ciency, but then change to a 
sloWer (and quieter) speed during an “idle” mode, and 
perhaps turn the fan off for a “poWer saver” mode. The 
nominal operating speed of the fan in each mode typically is 
chosen to ensure adequate cooling under Worst-case varia 
tions of printer temperature and variations in fan operating 
characteristics. 

[0004] Cooling fans, like all manufactured devices, may 
exhibit signi?cant variation from unit to unit in their 
response to control stimulus. For example, one particular fan 
may run at 2400 RPM in response to a given control signal, 
and another fan of the same design may run at 2500 RPM, 
given the same control signal input. This variation in oper 
ating response is generally outlined in the published oper 
ating speci?cations for the fan unit, as tested and reported by 
the fan manufacturer. The system designer Who desires a 
particular nominal operating speed (or speeds if there is 
more than one operating mode) of the fan Within a device 
must take into consideration these variations in control 
response in order to ensure proper operation of the fan. 
These variations may be ampli?ed by the potentially non 
linear response of the fan to the host device’s control circuit, 
and by manufacturing variances in the control circuit itself. 
Any nominal operating speed chosen must also account for 
these variations. 

[0005] Many fans commonly available provide a feedback 
signal to the host device Which gives an indication both that 
the fan is indeed running and not stalled, and that the fan is 
running at a particular RPM speed. This type of feedback 
signal, When available in a particular fan, Will be referred to 
herein as a “tach signal” or a “tachometer signal.” A com 
mon embodiment of this type of tach signal in conventional 
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loW-cost fans is a simple-buffered feedback of one of the coil 
sWitching outputs of the fan’s internal motor controller. 
Such a feedback signal Would appear as a pulse train, similar 
to a “clock” signal, at a frequency on the order of tWo-times 
to four-times (2><-4><) the fan’s RPM, depending on the 
number of poles in the fan motor and other motor design 
characteristics. 

[0006] Many conventional fans used in printers typically 
include internal motor control logic that maintains the fan 
motor at a stable, consistent speed given its external control 
input. If available, the “tach” feedback signal provided to the 
controlling system is usually intended as a means of moni 
toring the fan’s operation, but not necessarily as a means of 
actively controlling the fan’s speed. The frequency of the 
“tach” signal in these loW cost fans is generally too loW to 
provide enough information for a host device to use con 
ventional motor control means for actively controlling the 
speed of the fan. 

[0007] In applications Where operational consistency in 
either acoustics or precise fan RPM (or both) is of concern, 
it is desirable for the host device to have some means for 
controlling the fan RPM in such a Way that manufacturing 
and environmental variations from fan to fan, as Well as 
nonlinearity of the fan’s control response, are minimized or 
eliminated. Since the typical feedback signal from loW-cost 
fans has been inappropriate for traditional control means, it 
Would be an improvement to provide a control circuit and 
operating method that Would alloW suitable control of such 
fans While using the loW-frequency tach feedback signal that 
is commonly available in such fans. 

SUMMARY OF THE INVENTION 

[0008] Accordingly, it is an advantage of the present 
invention to provide a fan control circuit and operating 
method that provides suitable control of inexpensive fans 
that exhibit a loW-frequency tachometer output signal. 

[0009] It is another advantage of the present invention to 
provide a fan control circuit that provides an initial output 
signal to drive an inexpensive fan to an initial rotational 
speed, and then by using a loW-frequency tachometer feed 
back signal provided by the fan, automatically adjusts the 
actual fan speed if needed, so that the ?nal fan speed is 
Within a predetermined range. 

[0010] It is a further advantage of the present invention to 
provide a fan control circuit that provides a DC control 
signal for an inexpensive fan, and then receives a tachometer 
feedback signal and conditions that feedback signal into a 
logic signal that is suitable for use With loW-voltage level 
logic, including microcomputers and microprocessors. 

[0011] It is yet another advantage of the present invention 
to provide a fan control circuit and operating method that 
determines an actual fan rotating speed and compares that to 
a desired fan rotating speed, then automatically makes 
adjustments to the fan speed if necessary, and further stores 
additional operating parameters into a non-volatile memory 
for future use by the fan control circuit. 

[0012] It is still another advantage of the present invention 
to provide a fan control circuit and operating method that 
initially controls an inexpensive fan to an initial rotating 
speed, then determines if that fan is running Within a suitable 
range of rotational speeds, and if not, determines if a ?ne 
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adjustment should be made to the fan’s rotational speed, and 
if not, determines Whether a coarse adjustment should be 
made to the fan’s rotational speed, and then makes the 
appropriate adjustments until the actual fan rotational speed 
is Within acceptable operating tolerances. 

[0013] Additional advantages and other novel features of 
the invention Will be set forth in part in the description that 
folloWs and in part Will become apparent to those skilled in 
the art upon examination of the following or may be learned 
With the practice of the invention. 

[0014] To achieve the foregoing and other advantages, and 
in accordance With one aspect of the present invention, a 
method for controlling a variable speed fan is provided, in 
Which the method comprises the folloWing steps: (a) pro 
viding a variable speed fan and a fan control circuit, Wherein 
the fan control circuit includes: a processing circuit, a 
memory circuit, an output circuit that generates a control 
signal to the fan, and an input circuit that receives a speed 
signal from the fan; (b) communicating the control signal 
having an predetermined value to the fan; (c) receiving the 
speed signal from the fan that indicates an actual rotating 
speed of the fan, based upon the predetermined value of the 
control signal; (d) determining if the fan actual rotating 
speed is Within a predetermined range of acceptable oper 
ating speeds, and if not, determining if the fan requires one 
of: (i) a ?ne adjustment to the rotating speed, and (ii) a 
coarse adjustment to the rotating speed; (e) adjusting a value 
of the control signal according to one of the ?ne adjustment 
and the coarse adjustment, and communicating the adjusted 
control signal to the fan; and (f) repetitively: performing the 
determining step (d) and the adjusting step (e), as needed, 
until the fan actual rotating speed is Within the predeter 
mined range of acceptable operating speeds. 

[0015] In accordance With another aspect of the present 
invention, a fan control circuit is provided, used With a 
variable speed fan that outputs a speed signal, Which com 
prises: a processing circuit; a memory circuit; an output 
circuit that generates a control signal to the fan; an input 
circuit that receives the speed signal from the fan, Wherein 
the speed signal comprises a plurality of pulses at voltage 
levels and noise levels that are not suitable for direct 
interfacing to an electronic logic circuit; a signal condition 
ing circuit that converts the fan speed signal into a loW-level 
logic signal that is suitable for interfacing to an electronic 
logic circuit, Wherein the loW-level logic signal is represen 
tative of the speed signal; a frequency-determining circuit 
that receives the loW-level logic signal, Wherein the fre 
quency-determining circuit determines a frequency of rota 
tion of the fan from the loW-level logic signal, and commu 
nicates the frequency value to the processing circuit, for use 
in determining a value for the control signal. 

[0016] In accordance With yet another aspect of the 
present invention, a fan control circuit is provided, used With 
a variable speed fan that outputs a speed signal, Which 
comprises: a processing circuit; a memory circuit; an output 
circuit that generates a control signal to the fan; an input 
circuit that receives the speed signal from the fan; Wherein 
the processing circuit is con?gured: to communicate the 
control signal having an predetermined value to the fan; to 
receive the speed signal from the fan that indicates an actual 
rotating speed of the fan, based upon the predetermined 
value of the control signal; to determine if the fan actual 
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rotating speed is Within a predetermined range of acceptable 
operating speeds, and if not, to determine if the fan requires 
one of: (i) a ?ne adjustment to the rotating speed, and (ii) a 
coarse adjustment to the rotating speed; to adjust a value of 
the control signal according to one of the ?ne adjustment and 
the coarse adjustment, and to communicate the adjusted 
control signal to the fan; and to repetitively: determine if the 
fan actual rotating speed is Within a predetermined range of 
acceptable operating speeds, and if not, determine if the fan 
requires one of: (i) a ?ne adjustment to the rotating speed, 
and (ii) a coarse adjustment to the rotating speed; and adjust 
a value of the control signal according to one of the ?ne 
adjustment and the coarse adjustment, and to communicate 
the adjusted control signal to the fan, as needed, until the fan 
actual rotating speed is Within the predetermined range of 
acceptable operating speeds. 
[0017] Still other advantages of the present invention Will 
become apparent to those skilled in this art from the fol 
loWing description and draWings Wherein there is described 
and shoWn a preferred embodiment of this invention in one 
of the best modes contemplated for carrying out the inven 
tion. As Will be realiZed, the invention is capable of other 
different embodiments, and its several details are capable of 
modi?cation in various, obvious aspects all Without depart 
ing from the invention. Accordingly, the draWings and 
descriptions Will be regarded as illustrative in nature and not 
as restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The accompanying draWings incorporated in and 
forming a part of the speci?cation illustrate several aspects 
of the present invention, and together With the description 
and claims serve to explain the principles of the invention. 
In the draWings: 

[0019] FIG. 1 is a block diagram of some of the major 
components of a fan control subsystem used in a device such 
as a printer, as constructed according to the principles of the 
present invention. 

[0020] FIG. 2 is a How chart of some of the steps 
performed by a fan supervisor control algorithm that is used 
With the fan control subsystem of FIG. 1. 

[0021] FIG. 3 is an electrical schematic diagram of a fan 
control output circuit, used in the fan control subsystem of 
FIG. 1. 

[0022] FIG. 4 is an electrical schematic diagram of a fan 
feedback conditioning circuit, used in the fan control sub 
system of FIG. 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0023] Reference Will noW be made in detail to the present 
preferred embodiment of the invention, an example of Which 
is illustrated in the accompanying draWings, Wherein like 
numerals indicate the same elements throughout the vieWs. 

[0024] As noted above, conventional control circuits and 
fan designs used in relatively inexpensive electrophoto 
graphic or “EP” printers (e.g., laser printers) may alloW the 
possibility of a relatively Wide variation in fan speed for a 
given output control signal from the controller, due to 
variation in manufacturing tolerances and other parameters. 
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In addition, the fan’s response to a received control input 
signal may be non-linear, due to either the fan’s design or to 
its interaction With the host device’s control circuitry. A 
given fan typically is assumed to operate consistently With 
itself over time Within an assumed tolerance (although there 
can be some thermal drift), but it is desirable that fan-to-fan 
variation be minimiZed in the system. The present invention 
uses a “Fan Supervisor” control algorithm Which uses closed 
loop feedback of the fan’s RPM speed (via a tach feedback 
signal), and provides softWare control for adjusting its 
control output signal to bring the fan to a desired RPM, 
While minimiZing the effects of manufacturing tolerances, 
environmental effects, and system nonlinearities. 

[0025] Referring noW to FIG. 1, the main hardWare used 
for controlling a fan of an image forming apparatus, and is 
generally designated by the reference numeral 10. The main 
system control computer is designated by the reference 
numeral 20, and this could be included in an ASIC (Appli 
cation Speci?c Integrated Circuit). Of course, the main 
processing device could be separate from the printer’s main 
ASIC, or that processing device could be included in the 
ASIC. The softWare control algorithm that is described 
beloW Will be used to control the execution of the process 
controller, and one of its control functions is to provide a fan 
control output signal. On FIG. 1, this output control signal 
is at 24, and in a preferred mode of the present invention, this 
output signal is a Pulse-Width Modulated (PWM) electrical 
signal. 

[0026] The system controller computer/ASIC device 20 
Will typically include some type of processing device With 
associated memory, generally designated by the reference 
numeral 60. The processing circuit component of the system 
control computer 20 Would typically include a microproces 
sor or a microcontroller 62, Which Would Work With some 
associated memory, such as Random Access Memory (or 
RAM) 64. The processing circuit 62 Would also typically 
Work With some type of Read Only Memory (or ROM) 66 
that stores executable instructions that control the functions 
of the microprocessor or microcontroller 62. In addition, the 
memory circuit can include other types of memory devices, 
such as non-volatile RAM (or NVRAM) 68, Which typically 
Would comprise some type of electrically alterable Read 
Only Memory chip such as EEPROM. An alternative type of 
non-volatile memory could be Flash memory, Which is 
another type of EEPROM memory device at 68. 

[0027] Output signal 24 is received by a fan control output 
circuit 30, Which converts the PWM signal into a DC voltage 
that is suitable for driving the fan itself. This fan control 
signal is at 32, and is directed to the fan 40. Depending upon 
variations in operating conditions and in the tolerances of 
the fan itself, fan 40 Will run at a particular rotation speed 
based on this fan control signal 32. As noted above, the 
relatively inexpensive types of fans used in devices such as 
laser printers can have a fairly Wide variation in fan speeds 
based on a particular control voltage being supplied at the 
fan control signal 32. The present invention takes this into 
account by providing closed-loop feedback. 

[0028] The fan 40 provides a tachometer feedback signal 
42, Which typically is a pulsed voltage signal that is sWitched 
at one of the motor coils of the fan. This is a very “noisy” 
signal in the case of most inexpensive fans, and it is not at 
all suited for driving into relatively sensitive control circuits. 
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Accordingly, the present invention includes a fan feedback 
conditioning circuit 50. This converts the poorly-shaped 
pulse signal that represents the Waveform of the fan’s 
tachometer feedback signal and converts it into a logic level 
signal that has a suitable Waveform and logic level for use 
in the system’s control computer/ASIC 20. This conditioned 
tachometer feedback signal is designated 26, and is directed 
to a “capture counter”22 that is part of the system control 
computer or ASIC circuit 20. 

[0029] The conditioned tachometer feedback signal 26 is 
preferably shaped and conditioned to exhibit a square Wave 
pulse train, Which can be easily detected by the input circuits 
of many various types of control logic. The capture counter 
22 receives this pulse train, and essentially keeps track of 
hoW many pulses are received over a given time period. In 
one mode of the present invention, capture counter 22 is an 
edge-to-edge period counter, that counts rising edges during 
a predetermined time interval. Since the time interval is 
predetermined and thus knoWn to the control system 10, the 
frequency of the tachometer feedback signal becomes a 
determined quantity for use by the control softWare. An 
alternative method for determining this frequency is for a 
different type of “capture counter” to measure the time 
interval betWeen received pulses, Which is a preferred mode 
of the present invention. 

[0030] It Will be understood that many different types of 
control logic could be used, including TTL, CMOS, and 
other types of MOS transistor circuitry, particularly for the 
system computer and/or ASIC 20, Without departing from 
the principles of the present invention. 

[0031] The fan control output is a common PWM (pulse 
Width modulated) output signal that is converted to a DC 
voltage for controlling the fan speed. In one mode of the 
invention, the precision of the PWM output is at 256 levels, 
using 8-bit numeric values in the control softWare, and the 
base frequency for the PWM output pulses is 48 kHZ. 
Naturally, a different precision could be used, either ?ner or 
coarser, Without departing from the principles of the present 
invention; similarly, a different base frequency could be used 
for a design criterion, Without departing from the principles 
of the present invention. 

[0032] The fan tach feedback is a signal generated by the 
fan that provides an output pulse a knoWn number of times 
(commonly tWice or four times) per revolution of the fan. 
The period of this tach feedback signal is measured by a 
capture timer inside the printer system ASIC, and gives an 
indication to the control softWare of the RPM of the fan 
motor during any given time period. 

[0033] Referring noW to FIG. 3, the PWM output signal 
24 enters the schematic diagram of FIG. 3 from the left and 
can be “connected” to a +5 volt DC poWer supply rail 
through one of the resistors in a resistor array 70, acting as 
a pull-up resistor. This signal 24 also can be “connected” or 
pulled doWn to the ground or DC common rail by a resistor 
in a different resistor array 72. It is also someWhat signal 
conditioned by a capacitor in an array of small capacitors 74. 
In a preferred embodiment of the present invention, signal 
24 is pulled doWn by a resistor in the array 72, While the 
resistor array 70 is not populated (thus leaving an open 
circuit betWeen signal 24 and the +5 volt DC rail). 

[0034] The PWM output signal 24 is directed to a set of 
Darlington transistor drivers in an integrated circuit 80. In a 



US 2006/0071623 A1 

preferred mode of the present invention, IC 80 comprises a 
transistor array, using an industry standard part number 
ULN2003A. This PWM signal is then output at the signal 
line 82, Where it has noW been transformed into a 24 volt DC 
signal. It Will be understood that these 5 volt and 24 volt 
signals are actually pulse-type signals, even though they are 
described as being “DC” signals. If the duty cycle of the 
signal 24 happened to be running at 100%, then the signal 
24 Would be a constant +5 volt signal, truly a DC signal. The 
same for the signal 82, in Which its constant voltage Would 
be +24 volts DC if its duty cycle Was running at 100%. 

[0035] The pulse signal 82 is directed to an FET transistor 
84, and on the output side of this driver transistor 84 the 
signal passes through a ?lter composed of a resistor 86 and 
capacitors 88. The pulse-type signal 82 noW becomes a true 
DC signal 32, Which is the fan control signal that is directed 
to fan 40 to control its speed. (Note, this DC signal 32 Will 
likely exhibit ripple.) In a preferred mode of the invention, 
FET 84 comprises part number IRSL9014 (an International 
Recti?er part number). 

[0036] Referring noW to FIG. 4, the feedback signal 42 
that is produced by the fan 40 enters the schematic diagram 
from the left, and passes through a loW-pass ?lter made of 
a resistor 90 and a capacitor 92. There is also a pull-up 
resistor 94, Which is connected to a +3.3 volt DC poWer 
supply. 

[0037] After the pulsed tachometer feedback signal 42 
passes through this loW-pass ?lter, it noW has been condi 
tioned into a signal With much feWer harmonics and a much 
better Waveform shape. In addition, its peak voltage Will 
noW be 3.3 volts DC, as it becomes the conditioned tachom 
eter feedback signal 26. It is this signal 26 that is presented 
to the capture counter 22 of FIG. 1, and since it has been 
considerably “cleaned up,” the capture counter 22 Will be 
less prone to producing false readings or double counts. 
Further “clean up” of the signal Which is output from the 
capture counter can be accomplished using a softWare ?lter. 

[0038] Referring noW to FIG. 2, a How chart 100 is 
provided shoWing some of the important steps or functions 
performed by the “fan supervisor” control algorithm. Start 
ing at a step 110, the control logic loads an initial (or 
otherWise predetermined) value for the fan control output 
signal, and in a preferred mode of the invention, this output 
signal is a Pulse-Width Modulated (PWM) output signal, at 
a step 120. A default PWM is typically used for this initial 
value, and for example, if the precision of the PWM signal 
is 8-bit precision, having a range of numeric values from 
0-255, then the initial PWM may have a value of around 70 
or 80, out of the possible 255 maximum value. This PWM 
initial value may represent a “target” rotational speed of the 
fan of, for example, 2400 RPM. As discussed above, the 
target RPM could be quite different for operating conditions 
that may involve different modes of a particular EP printer, 
or for different siZes or manufacturers of fans. Of course, this 
is taken into account by the system designer. 

[0039] A step 122 noW provides an initial delay, Which is 
utiliZed to alloW the fan speed to settle to a more or less 
steady-state rotational speed. In one mode of the present 
invention, the initial delay Would be around seven (7) 
seconds. Naturally, the exact time interval used for the initial 
delay step 122 can vary according to different types and 
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manufacturers of fans, and different system operating con 
ditions, all Without departing from the principles of the 
present invention. 

[0040] A step 124 noW samples the rotational speed of the 
fan, using the conditioned tachometer feedback signal 26 
that is directed to the capture counter 22. A decision step 130 
noW determines if the sample measurement that Was taken is 
Within an acceptable range, such as 15% of an expected 
frequency or RPM rotational speed of the fan. If not, then a 
decision step 150 determines Whether or not the sample 
measurement that Was taken is Within a “?ne adjust range,” 
Which could be on the order of 110%. If not, then a step 152 
makes a coarse adjustment to the output speed by controlling 
the PWM output signal 24. This coarse adjustment Will 
either increase or decrease the duty cycle of the PWM output 
signal, depending of course on Whether the sample mea 
surement of the rotational speed Was greater than or less than 
the desired/expected rotational speed. 

[0041] If a coarse adjustment is made at step 152, then a 
step 154 provides a certain time delay to alloW the fan speed 
to settle after the neW control output signal has been given 
to the fan. This time delay could be quite short, such as 
one-half second in duration, or it could be longer, such as 
seven seconds in duration, depending upon the mechanical 
fan system, and upon other operating criteria. After the time 
delay interval has expired, the logic How Will continue to 
take the next sample measurement at step 124. In addition, 
the “results” of the coarse adjustment could be saved in 
memory at a step 164. In general, the type of memory for 
saving this information Would typically be in RAM, such as 
the RAM 64 in the system control computer and/or ASIC 20. 

[0042] If the sample measurement Was Within the “?ne 
adjust range” at decision step 150, then the logic How Would 
be directed to a step 160 Where a “?ne” adjustment Would be 
made to the PWM output signal to either increase or 
decrease the fan speed. After that has occurred, a step 162 
Would provide another time delay, Which Would be to alloW 
the fan speed to settle after the ?ne adjustment had been 
made to the PWM output signal. The time interval for this 
?ne adjustment delay could be the same as in the coarse 
adjustment delay at step 154, or it could be a different time 
interval, depending upon the mechanical characteristics of 
the fan, and other operating parameters of the system. Once 
the delay interval has expired at step 162, then the next 
sample measurement Would be taken at step 124, and also 
the results of the ?ne adjustment could be stored in memory 
at step 164. Again, this results saving step 164 Would likely 
place the “new” output signal value into RAM, such as 
RAM 64. 

[0043] If the fan speed Was Within the original “OK range” 
at decision step 130, then the results of the output signal and 
sample measurement could be saved at a step 132. Again, 
this output signal value “result” Would likely be saved in 
RAM, such as RAM 64. At this step in the logic How, the fan 
is running Within its desired tolerance of rotational speed, 
and it may be desired to save the operating parameters in a 
non-volatile memory, particularly if there have been either 
?ne adjustments or coarse adjustments made to the output 
signal value for these operating parameters. A decision step 
140 Will noW determine if the “Write conditions” have been 
met for storing this information into a non-volatile memory. 
If the conditions are met, a step 142 Will store this infor 
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mation into a non-volatile memory location, such as in an 
NVRAM memory or a Flash memory, such as the non 

volatile memory 66 of the system control computer/ASIC 
20. 

[0044] On the other hand, if the non-volatile Write condi 
tions Were not met at decision step 140, then the logic ?oW 
skips the step Where the values are stored into a non-volatile 
memory (i.e., Will skip step 142). The logic How Will noW be 
directed to the end of this routine at 144 on the How chart 
100. 

[0045] The above description of the How chart 100 logic 
provides information about the basic logic decisions used by 
the present invention. Some further descriptive information 
folloWs: When the software of the device executes the fan 
supervisor control algorithm, it begins With a “best guess” 
initial output PWM (at step 120) that has been selected to 
ensure that the fan Will start in all cases, and Will start near 
a “target frequency” for (statistically) nearly all fans in the 
population of fans of the model to be used in this device. The 
algorithm then determines Whether the fan is actually run 
ning Within expected rotational speed parameters at step 
130. If not, the algorithm then progressively increases or 
decreases the PWM output signal 24 (and therefore the DC 
voltage of the signal 32 that is sent to the fan) as needed to 
cause the fan speed to approach the desired target RPM. This 
increase/decrease of the signal value uses the ?ne adjust or 
coarse adjust steps, as desired by the system controller. 

[0046] As the increase/decrease adjustment steps are 
executed, if the difference betWeen desired and actual RPM 
is greater than the ?ne adjust threshold range (e.g., 110%), 
a relatively large change in PWM output (at step 152) is used 
to cause the logic to converge quickly. Once Within the ?ne 
adjust range, the fan supervisor control algorithm Will 
change the output by smaller steps up or doWn (at step 160). 
After each change in PWM output, the algorithm Will pause 
for a suf?cient time (at step 154 or step 162) to alloW the fan 
to stabiliZe at its neW RPM before re-evaluating that speed 
With respect to the desired RPM (at step 130). Once the 
actual fan speed is Within the so-called “OK range” (e.g., 
15%) of the desired value, the algorithm Will stop adjusting 
the fan control output, and Will alloW the fan to maintain this 
“?nal” speed. 

[0047] It Will be understood that the siZe (tolerance) of the 
predetermined “?ne adjust range” and the “OK range,” the 
delay times, and the siZes of the step increases and step 
decreases of the PWM values that are used in each of these 
adjustment cycles may be selected by the system designer to 
match a particular manufacturer’s fan speci?cations, and the 
needs of the device (e.g., an EP printer) in Which this 
algorithm is used. Each of the above parameters may also 
have a unique value for each target RPM to be used in a 
particular device (e.g., printing speed, idle speed, etc. for an 
EP printer) to account for the nonlinear fan control response 
that one can expect With such fans. 

[0048] It Will be further understood that the number of 
control ranges can be more that the tWo ranges described 
above (e.g., the “?ne” range and the “coarse” range), With 
out departing from the principles of the present invention. 
For example, there could be three (or more) control ranges, 
such as “?ne”, “medium”, and “coarse”. The “medium” 
range could be considered an “intermediate” range, or there 
could be multiple medium or intermediate ranges, if desired. 
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The ranges Would typically be nested, such that the ?ne 
range is smaller than the coarse range, and the one or more 
intermediate ranges Would be smaller than the coarse range, 
but larger than the ?ne range. Moreover, there Would alWays 
be at least a ?ne range and a coarse range of adjustments, to 
more quickly achieve a proper fan speed once it Was 
determined that the actual fan speed needed to be adjusted. 

[0049] Once a “?nal” PWM output value is determined, it 
can be stored in memory for use as the initial PWM value for 
the next fan speed change, When that operating condition 
occurs. This ?nal PWM value, or a value derived from it, can 
be conditionally stored in non-volatile memory, to be used 
as the initial (or otherWise predetermined) value the next 
time the device (e.g., an EP printer) is started. In this fashion, 
the device essentially adapts itself to the particular fan that 
has been installed, and thus maintains some history of this 
particular fan’s performance. 

[0050] The control scheme of the present invention can be 
invoked every time a different fan speed is desired, for 
example, When changing printer modes of operation. In 
addition, the control algorithm of the present invention can 
be periodically invoked even if the printer mode has not 
changed at all, for example to periodically correct for any 
possible thermal drift effects in the fan’s operating behavior. 
In such a circumstance, the “initial” value at step 120 of 
FIG. 2 Would typically be the most recent “running” PWM 
value of the printer’s fan, regardless as to Whether or not the 
NVRAM Write conditions Were earlier met at step 140. 
Many possible variations in the control scheme are possible, 
While remaining Within the scope of the present invention. 

[0051] In the event of a fan replacement, the fan supervi 
sor control algorithm Will automatically adapt to the neW 
fan’s characteristic after the ?rst cycle through the logic 
steps. An example condition for deciding Whether to store a 
“?nal” PWM output value (as a “solution”) to non-volatile 
memory Would be Whether the solution varies signi?cantly 
from a previous solution already stored. Another example 
condition for deciding Whether to store a “?nal” PWM 
output value Would be the actual real time that has run since 
a previous “?nal” output value has been stored, particularly 
if the non-volatile memory device has a knoWn maximum 
number of Write cycles available before Wearing out. In this 
manner, the overall set of conditions for deciding Whether to 
store a “?nal” PWM output value Would be intended to 
alloW the fan supervisor control algorithm to interact favor 
ably With limitations of the non-volatile memory subsystem. 
It Will be understood, hoWever, that these “storing” condi 
tions are not directly material to the functions of controlling 
the successful operation of the fan speed When using the fan 
supervisor control algorithm of the present invention. 

[0052] In an alternative mode of the invention, it also can 
be used to alloW for instances in Which the printer’s opera 
tion does not alloW suf?cient time at a given operating point 
(e.g., printing, idle, etc.) for the fan supervisor control 
algorithm to come to a ?nal PWM output value solution. 
When that circumstance occurs, each intermediate output 
value can be stored in memory and subsequently used as a 
starting point the next time the printer enters that particular 
operating point. In this manner, the fan supervisor control 
algorithm may converge to a ?nal PWM output value 
solution for each operating mode, despite frequent changes 
betWeen modes. This type of operational control of an actual 
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device can effectively use the present invention for many 
types of devices, including devices other than printers. 

[0053] In one mode of the invention, the fan operating 
mode is selected by a separate “fan management” control 
algorithm that is not discussed in detail herein, but is 
disclosed in another patent application commonly-assigned 
to Lexmark International, Inc., titled “System for Control 
ling Printer Cooling Fan,” Ser. No. , ?led on , 
Which is incorporated herein by reference in its entirety. This 
separate control algorithm monitors the overall printer 
operation and determines the appropriate running speed for 
the fan. 

[0054] Depending upon the higher-level printer control, 
there may be any number of printer operating points for 
Which a potentially unique fan RPM may be speci?ed. 
Generally, the majority of these RPM values are redundant, 
as the same fan operating point Will suf?ce for a variety of 
printer operating modes. For example, in one laser printer 
manufactured by Lexmark, there a total of 73 different 
operating modes for Which a fan speed can be speci?ed, but 
there are only four (4) unique fan RPM settings needed 
among these 73 operating modes. In order to avoid data 
redundancy and unnecessary iteration of the fan supervisor 
algorithm, the printer’s overall fan supervisor control system 
can map these many printer operating modes to a much 
smaller knoWn set of fan RPM settings. 

[0055] One embodiment of the present invention has been 
tested With various inexpensive fans of the types described 
above, particularly for use in future or existing Lexmark 
laser printers. The tested embodiment has demonstrated that 
it can successfully remove fan RPM variations due to 
differences betWeen fans (including those of the same 
model), differences in control circuits (including those of the 
same design), and differences in environmental conditions. 
As noted above, the application of this invention is not 
limited to printers, but can be used With any device that uses 
active cooling With a fan that provides a tach feedback signal 
that is representative of fan rotational speed. 

[0056] It Will also be understood that the logical opera 
tions described in relation to the How chart of FIG. 2 can be 
implemented using sequential logic, such as by using micro 
processor technology, or using a logic state machine, or 
perhaps by discrete logic; it even could be implemented 
using parallel processors. One preferred embodiment may 
use a microprocessor or microcontroller (e.g., microproces 
sor 62) to execute softWare instructions that are stored in 
memory cells Within an ASIC (e.g., ASIC 20). In fact, the 
entire microprocessor or microcontroller 62 along With 
dynamic RAM (e.g., 64) and executable ROM (e.g., 66) may 
be contained Within a single ASIC, in a preferred mode of 
the present invention. Of course, other types of circuitry 
could be used to implement these logical operations depicted 
in the draWings Without departing from the principles of the 
present invention. 

[0057] It Will be further understood that the precise logical 
operations depicted in the How charts of FIG. 2, and 
discussed above, could be someWhat modi?ed to perform 
similar, although not exact, functions Without departing 
from the principles of the present invention. The exact 
nature of some of the decision steps and other commands in 
these ?oW charts are directed toWard speci?c future models 
of printer systems (those involving Lexmark laser printers, 
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for example) and certainly similar, but someWhat different, 
steps Would be taken for use With other types of devices in 
many instances, With the overall inventive results being the 
same. 

[0058] All documents cited in the Detailed Description of 
the Invention are, in relevant part, incorporated herein by 
reference; the citation of any document is not to be construed 
as an admission that it is prior art With respect to the present 
invention. 

[0059] The foregoing description of a preferred embodi 
ment of the invention has been presented for purposes of 
illustration and description. It is not intended to be exhaus 
tive or to limit the invention to the precise form disclosed. 
Any examples described or illustrated herein are intended as 
non-limiting examples, and many modi?cations or varia 
tions of the examples, or of the preferred embodiment(s), are 
possible in light of the above teachings, Without departing 
from the spirit and scope of the present invention. The 
embodiment(s) Was chosen and described in order to illus 
trate the principles of the invention and its practical appli 
cation to thereby enable one of ordinary skill in the art to 
utiliZe the invention in various embodiments and With 
various modi?cations as are suited to particular uses con 
templated. It is intended to cover in the appended claims all 
such changes and modi?cations that are Within the scope of 
this invention. 

The invention claimed is: 
1. A method for controlling a variable speed fan, said 

method comprising: 

(a) providing a variable speed fan and a fan control 
circuit, Wherein said fan control circuit includes: a 
processing circuit, a memory circuit, an output circuit 
that generates a control signal to said fan, and an input 
circuit that receives a speed signal from said fan; 

(b) communicating said control signal having an prede 
termined value to said fan; 

(c) receiving said speed signal from said fan that indicates 
an actual rotating speed of said fan, based upon said 
predetermined value of the control signal; 

(d) determining if said fan actual rotating speed is Within 
a predetermined range of acceptable operating speeds, 
and if not, determining if said fan requires one of: (i) a 
?ne adjustment to said rotating speed, and (ii) a coarse 
adjustment to said rotating speed; 

(e) adjusting a value of said control signal according to 
one of said ?ne adjustment and said coarse adjustment, 
and communicating said adjusted control signal to said 
fan; and 

(f) repetitively: performing said determining step (d) and 
said adjusting step (e), as needed, until said fan actual 
rotating speed is Within said predetermined range of 
acceptable operating speeds. 

2. The method as recited in claim 1, Wherein (a) said 
predetermined range of acceptable operating speeds is 
smaller in tolerance than a ?rst range of actual rotating 
speeds that calls for a ?ne adjustment, and (b) said ?rst range 
of actual rotating speeds is smaller in tolerance than a second 
range of actual rotating speeds that calls for a coarse 
adjustment. 
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3. The method as recited in claim 2, Wherein said prede 
termined range of acceptable operating speeds is about 15% 
of a nominal targeted operating speed, said ?rst range of 
actual rotating speeds is about 110% of said nominal tar 
geted operating speed, and said second range of actual 
rotating speeds is greater than 110% of said nominal tar 
geted operating speed. 

4. The method as recited in claim 1, after communicating 
said adjusted control signal to said fan; 

further comprising the step of: Waiting a predetermined 
time interval before performing said determining step 
(d). 

5. The method as recited in claim 1, after determining that 
said fan actual rotating speed is not Within a predetermined 
range of acceptable operating speeds, and determining that 
said fan requires one of: (i) a ?ne adjustment to said rotating 
speed, and (ii) a coarse adjustment to said rotating speed; 

further comprising the step of: storing the adjusted value 
of said control signal in said memory circuit. 

6. The method as recited in claim 1, after determining that 
said fan actual rotating speed is not Within a predetermined 
range of acceptable operating speeds, and determining that 
said fan requires one of: (i) a ?ne adjustment to said rotating 
speed, and (ii) a coarse adjustment to said rotating speed; 

and after adjusting the value of said control signal accord 
ing to one of said ?ne adjustment and said coarse 
adjustment, and communicating said adjusted control 
signal to said fan; 

and after determining that said fan actual rotating speed is 
Within a predetermined range of acceptable operating 
speeds; 

further comprising the step of: storing the adjusted value 
of said control signal in said memory circuit. 

7. The method as recited in claim 1, Wherein during the 
step (d) of determining if said fan actual rotating speed is 
Within a predetermined range of acceptable operating 
speeds, and if not, further comprising the steps of: 

determining if said fan requires one of: (i) a ?ne adjust 
ment to said rotating speed, (ii) a coarse adjustment to 
said rotating speed, and (iii) at least one intermediate 
adjustment to said rotating speed; and 

(e) adjusting a value of said control signal according to 
one of: said ?ne adjustment, said at least one interme 
diate adjustment, and said coarse adjustment; and 

communicating said adjusted control signal to said fan. 
8. A fan control circuit, used With a variable speed fan that 

outputs a speed signal, said fan control circuit comprising: 

a processing circuit; a memory circuit; an output circuit 
that generates a control signal to said fan; an input 
circuit that receives said speed signal from said fan, 
Wherein said speed signal comprises a plurality of 
pulses at voltage levels and noise levels that are not 
suitable for direct interfacing to an electronic logic 
circuit; a signal conditioning circuit that converts said 
fan speed signal into a loW-level logic signal that is 
suitable for interfacing to an electronic logic circuit, 
Wherein said loW-level logic signal is representative of 
said speed signal; a frequency-determining circuit that 
receives said loW-level logic signal, Wherein said fre 
quency-determining circuit determines a frequency of 
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rotation of said fan from said loW-level logic signal, 
and communicates said frequency value to said pro 
cessing circuit, for use in determining a value for said 
control signal. 

9. The fan control circuit as recited in claim 8, Wherein 
said control signal comprises a DC voltage that is commu 
nicated to an input of said fan. 

10. The fan control circuit as recited in claim 9, further 
comprising a fan control output circuit that receives a 
pulse-Width modulated signal from said processing circuit, 
and converts said pulse-Width modulated signal into said DC 
voltage control signal. 

11. The fan control circuit as recited in claim 10, Wherein 
said fan control output circuit comprises: (a) a voltage 
level-shifting circuit that converts said pulse-Width modu 
lated signal, received from said processing circuit, from a 
?rst maximum pulse voltage to a second, greater maximum 
pulse voltage signal; and (b) an output transistor that exhib 
its a ?rst terminal and a second terminal, said output 
transistor receiving said second, greater maximum pulse 
voltage signal at said ?rst terminal and outputting said DC 
voltage control signal at said second terminal, Wherein said 
second terminal is connected to a ?lter circuit that performs 
the conversion from a pulse-Width modulated signal into 
said DC voltage control signal. 

12. The fan control circuit as recited in claim 8, Wherein 
said speed signal is derived from a motor coil voltage of said 
fan. 

13. The fan control circuit as recited in claim 8, Wherein 
said frequency-determining circuit comprises one of: (a) an 
edge-to-edge period counter; (b) an element of said memory 
circuit; and (c) a capture counter. 

14. The fan control circuit as recited in claim 8, Wherein 
said signal conditioning circuit comprises a loW-pass ?lter 
and a pull-up resistor. 

15. A fan control circuit, used With a variable speed fan 
that outputs a speed signal, said fan control circuit compris 
mg: 

a processing circuit; a memory circuit; an output circuit 
that generates a control signal to said fan; an input 
circuit that receives said speed signal from said fan; 
Wherein said processing circuit is con?gured: 

to communicate said control signal having an predeter 
mined value to said fan; 

to receive said speed signal from said fan that indicates an 
actual rotating speed of said fan, based upon said 
predetermined value of the control signal; 

to determine if said fan actual rotating speed is Within a 
predetermined range of acceptable operating speeds, 
and if not, to determine if said fan requires one of: (i) 
a ?ne adjustment to said rotating speed, and (ii) a 
coarse adjustment to said rotating speed; 

to adjust a value of said control signal according to one of 
said ?ne adjustment and said coarse adjustment, and to 
communicate said adjusted control signal to said fan; 
and 

to repetitively: 

determine if said fan actual rotating speed is Within a 
predetermined range of acceptable operating speeds, 
and if not, determine if said fan requires one of: (i) 
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a ?ne adjustment to said rotating speed, and (ii) a 
coarse adjustment to said rotating speed; and 

adjust a value of said control signal according to one of 
said ?ne adjustment and said coarse adjustment, and 
to communicate said adjusted control signal to said 
fan, as needed, until said fan actual rotating speed is 
Within said predetermined range of acceptable oper 
ating speeds. 

16. The fan control circuit as recited in claim 15, Wherein 
(a) said predetermined range of acceptable operating speeds 
is smaller in tolerance than a ?rst range of actual rotating 
speeds that calls for a ?ne adjustment, and (b) said ?rst range 
of actual rotating speeds is smaller in tolerance than a second 
range of actual rotating speeds that calls for a coarse 
adjustment. 

17. The fan control circuit as recited in claim 16, Wherein 
said predetermined range of acceptable operating speeds is 
about 15% of a nominal targeted operating speed, said ?rst 
range of actual rotating speeds is about 110% of said 
nominal targeted operating speed, and said second range of 
actual rotating speeds is greater than 110% of said nominal 
targeted operating speed. 

18. The fan control circuit as recited in claim 15, Wherein 
after communicating said adjusted control signal to said fan: 

said processing circuit is further con?gured to Wait a 
predetermined time interval before determining if said 
fan actual rotating speed is Within a predetermined 
range of acceptable operating speeds, and if not, to 
determine if said fan requires one of: (i) a ?ne adjust 
ment to said rotating speed, and (ii) a coarse adjustment 
to said rotating speed; 

19. The fan control circuit as recited in claim 15, Wherein 
after determining that said fan actual rotating speed is not 
Within a predetermined range of acceptable operating 
speeds, and determining that said fan requires one of: (i) a 
?ne adjustment to said rotating speed, and (ii) a coarse 
adjustment to said rotating speed: 

said processing circuit is further con?gured to store the 
adjusted value of said control signal in said memory 
circuit. 
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20. The fan control circuit as recited in claim 15, Wherein 
after determining that said fan actual rotating speed is not 
Within a predetermined range of acceptable operating 
speeds, and determining that said fan requires one of: (i) a 
?ne adjustment to said rotating speed, and (ii) a coarse 
adjustment to said rotating speed; and after adjusting the 
value of said control signal according to one of said ?ne 
adjustment and said coarse adjustment, and communicating 
said adjusted control signal to said fan; and after determin 
ing that said fan actual rotating speed is Within a predeter 
mined range of acceptable operating speeds: 

said processing circuit is further con?gured to store the 
adjusted value of said control signal in said memory 
circuit. 

21. The fan control circuit as recited in claim 15, Wherein 
said speed signal comprises a plurality of pulses at voltage 
levels and noise levels that are not suitable for direct 
interfacing to an electronic logic circuit. 

22. The fan control circuit as recited in claim 21, further 
comprising: (a) a signal conditioning circuit that converts 
said fan speed signal into a loW-level logic signal that is 
suitable for interfacing to an electronic logic circuit, Wherein 
said loW-level logic signal is representative of said speed 
signal; and (b) a frequency-determining circuit that receives 
said loW-level logic signal, Wherein said frequency-deter 
mining circuit determines a frequency of rotation of said fan 
from said loW-level logic signal, and communicates said 
frequency value to said processing circuit, for use in deter 
mining a value for said control signal. 

23. The fan control circuit as recited in claim 22, Wherein: 
(a) said signal conditioning circuit comprises a loW-pass 
?lter and a pull-up resistor, and (b) said frequency-deter 
mining circuit comprises one of: (i) an edge-to-edge period 
counter; and (ii) an element of said memory circuit. 


