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Example: Fan on i 10 minutes Desired fan dutv cvcle = 33% 
Fan off - 20 minutes Desired geriod = 30 Minutes 

No call for heating or cooling Fan is on for 10 minutes per 1/2 hour, no error. 

402\ 404\ 406\ 
1 hour a—10 On—><—— 20 Off_><—1O On—><—— 20 Off 

Example: Air-conditioning is on. Total run time was 8 minutes 
There is a 4 minute Call first half hour, 4 minutes second half 
for cooling then another hour or an average of 12 minutes/hour. 
call for cooling after 16 minutes Error = 40% 

20 Minutes off time is never met to force fan on, short on time was not taken into account 
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FIG. 4 
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FIG. 8 ' 

FIG. 9 
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FIG. 11A 
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DAMPER CONTROL IN SPACE HEATING AND 
COOLING 

BACKGROUND 

[0001] This description relates to damper control in space 
heating and cooling. 

[0002] During the 1990s, the United States Department of 
Energy sponsored research on hoW to save energy in heating 
and cooling houses and other buildings. As shoWn in FIG. 1, 
one recommendation that has begun to be Widely adopted is 
to super-insulate buildings, seal them tightly against air 
in?ltration, and use a vent 10 from the outside World 12 to 
let in fresh air. The fresh air is needed to clear odors and 
humidity from the tightly sealed spaces 14 that are occupied 
Within the buildings. The energy savings produced by such 
a system are so large that it is expected that, in the future, 
most neW buildings Will be super-insulated and tightly 
sealed. 

[0003] As is typical of forced air heating or cooling 
systems, the heater or cooler 16, 18 (and a central fan 20) is 
turned on and off in response to a thermostat and controller 
22 based on a comparison of a set point temperature and a 
current air temperature measured at a temperature sensor 24. 
The central fan 20 forces air from the heater or cooler 
through ducts 26 into the occupied spaces 14. Stale air is 
WithdraWn from the spaces through return ducts 27 and 
returned to the intake side of the air handler. While the heater 
or cooler is running, the stale returned air is supplemented 
With fresh air that is draWn into the building through the vent 
10. A damper 28 inside vent 10 is set in a ?xed position to 
permit no more than a suitable amount of fresh air to be 
draWn in While the heater or cooler is running. 

[0004] Even during intervals When the heater or cooler is 
not running, fresh air continues to be needed, and for this 
purpose, the central fan may be run from time to time during 
those intervals. 

[0005] Heating and cooling systems are generally siZed so 
that they run almost full-time during the coldest or Warmest 
months. When a system that draWs in fresh air from the 
outside World runs all the time, more air is draWn in than is 
needed for air exchange purposes, and energy is Wasted in 
heating or cooling it. By motoriZing the damper 28, it is 
possible to open and close the damper in cycles to reduce the 
amount of fresh air draWn into the building. In some 
systems, a user can specify the proportion of time that the 
damper is opened to permit fresh air to be draWn in. A 
replaceable ?lter 29 is included in the vent to ?lter the 
incoming air. 

[0006] The cooler and/or heater are part of What is often 
called an air handler 32, Which may also include a humidi?er 
and/or a dehumidi?er 34, and a variety of other equipment. 
A variety of con?gurations are used for air handlers, the 
equipment that is in them, and the equipment to Which they 
are connected. 

[0007] The air in the air handler can be heated and/or 
cooled in a variety of Ways. A typical cooler includes the 
heat exchanger 18, a compressor 36 located outside the 
building, a delivery conduit 38 With a pump 40 to force 
coolant from the compressor to the exchanger and a return 
conduit 42 to carry used coolant back to the compressor. The 
pump is controlled by the controller 22. 
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SUMMARY 

[0008] In general, in one aspect, the invention features 
tracking an amount of time that air has been delivered from 
an air handler to a space, and based on the tracked amount 
of time, controlling at least one tum-on time or one turn-off 
time of the delivery of air from the air handler to the space. 

[0009] Implementations of the invention may include one 
or more of the folloWing features. The tracking of the 
amount of time that air has been delivered includes tracking 
the on time of a circulating fan that delivers the air. The 
controlling of the tum-on time or turn-off time is also based 
on an intended amount of time that air has been delivered 
from an air handler to a space. The intended amount of time 
includes a minimum amount of time. The intended amount 
of time is speci?ed by a user. A vent that delivers replace 
ment air to the air handler is also controlled to open or close 
by a selectable amount to achieve a particular ?oW rate of 
replacement air. The particular ?oW rate is derived from at 
least one user speci?ed value. The user speci?ed value 
includes an intended average ?oW rate. 

[0010] In general, in another aspect, the invention fea 
tures, based on information about an intended ?oW rate of 
replacement air to an air handler and an intended amount of 
time that air is to be delivered from the air handler to the 
space, performing a calculation to determine a How rate of 
replacement air to an air handler to be achieved during 
periods When a vent that controls the delivery of replace 
ment air is open. 

[0011] Implementations of the invention may include one 
or more of the folloWing features. The information about an 
intended ?oW rate of replacement air includes a value 
indicating an average volume of air per time period. The 
value is speci?ed by a user. The information about an 
intended amount of time is speci?ed by a user. The calcu 
lation includes dividing the intended ?oW rate by the amount 
of time. The calculation is also based on information about 
a duration of a duty cycle of a fan that delivers the replace 
ment air to the space. 

[0012] In general, in another aspect, the invention features 
enabling a user of a controller associated With an air handler 
to enter a value of an amount of replacement air to be 
delivered to a space. In some implementations, the amount 
of the replacement air is expressed as an average volume per 
time. 

[0013] In general, in another aspect, the invention features 
enabling a user of a controller associated With an air handler 
to enter a value of a minimum amount of time that a fan of 
the air handler is to run. In some implementations, the user 
is enabled to enter a value of a duty cycle of the fan. 

[0014] In general, in another aspect, the invention features 
enabling a user of a controller associated With an air handler 
to enter a value of an amount of replacement air to be 
delivered to a space, a value of a minimum amount of time 
that a fan of the air handler is to run, and a value of a duty 
cycle of the fan. 

[0015] In general, in another aspect, the invention features 
enabling a user of a controller associated With an air handler 
to enter an indication of a temporary change in an amount of 
replacement air to be delivered from an air handler to a 
space. 
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[0016] Implementations of the invention may include one 
or more of the following features. The user is enabled to 
enter an indication of the duration of the temporary change. 
The temporary change includes an increase associated With 
an increase in anticipated occupancy of the space. The 
temporary change includes a decrease associated With a 
decrease in anticipated occupancy of the space. 

[0017] In general, in another aspect, the invention features 
sensing How of replacement air through a vent to an air 
handler, opening and closing the vent to regulate delivery of 
replacement air to the air handler to achieve an intended rate 
of How, and based on the sensed ?oW, determining a 
clogging state of the ?lter. 

[0018] Implementations of the invention may include one 
or more of the folloWing features. The clogging state 
includes the ?lter being clogged. The clogging state includes 
the ?lter being neW. FloW of replacement air is sensed by 
sensing a change in the How over time. Determining of the 
clogging state includes comparing the sensed How to a 
threshold value of How. The threshold value of How is set 
empirically. The threshold value of How is set based on the 
history of the sensed How. The sensing of How of replace 
ment air is done by measuring a rate of rotation of a fan drive 
by the How, or by measuring pressure of the air, or by 
measuring a velocity of the air. The vent includes a replace 
ment air vent or a return air duct. 

[0019] In general, in another aspect, the invention features 
issuing a vent signal to open a vent that regulates delivery of 
replacement air to an air handler, and in connection With the 
issuing of the vent signal, issuing a fan signal to turn on a 
circulating fan of the air handler. In some implementations 
of the invention the fan signal turns on the fan independently 
of a thermostat that controls the air handler; in some 
implementations the fan is turned on using a relay. 

[0020] In general, in another aspect, the invention features 
an apparatus including a conduit containing a sensor to 
measure How of air in the conduit, an air ?oW regulator to 
control How of the air in the conduit, a coupling to couple 
the conduit to a fresh air intake of the air handler, and a 
controller to control the air ?oW regulator based on the 
measured air How. 

[0021] Implementations of the invention may include one 
or more of the folloWing features. The sensor is in the 
conduit or not in the conduit. The air ?oW regulator includes 
a damper. The sensor includes a fan. The conduit includes a 
fresh air vent. The conduit includes a return air duct. 

[0022] In general, in another aspect, the invention features 
an apparatus including, as an assembly, a controllable 
damper to regulate How of air through an air ?oW passage 
betWeen an exterior of a building and an air handler, a sensor 
to sense air ?oW through the passage, and terminals to 
connect the sensor and the controllable damper in a control 
circuit. 

[0023] Implementations of the invention may include one 
or more of the folloWing features. The sensor includes a 
contactless sensor. The sensor includes magnetic elements. 
The sensor includes a fan in the passage to rotate in response 
to air ?oWing through the passage. The rotation of the fan is 
sensed as an indicator of the volume per unit time of air 
?oWing through the passage. The fan includes blades, at 
least one of the blades bears a magnet, and the sensor senses 
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motion of the magnet. The damper is controllable to be open 
or closed. The damper is also controllable to be open to a 
selected position among at least tWo different open positions. 
The damper is controllable to be open to a selected position 
With a range of positions. The damper includes a rotating 
?ap driven by an electric motor. The fan is free-Wheeling. 
The control circuit controls opening and closing of the 
damper in response to sensed air ?oW through the passage. 
A ?lter ?lters air ?oWing through the passage. A housing 
de?nes at least a portion of the air ?oW passage and includes 
ends to mount the housing betWeen an exterior of a building 
and an air handler. The housing also supports the damper, the 
sensor, and the terminals. The housing also supports a ?lter. 
The ?lter is mounted on a second structure that mates With 
the housing. The housing also supports at least a portion of 
the control circuit. The controller includes a circuit that 
receives signals from the sensor and sends signals to the 
controllable damper. The control circuit includes a terminal 
to connect to a thermostat. The control circuit includes an 
input to receive an indication from a user of hoW much air 
is to be permitted to How through the passage. The control 
circuit includes logic to control the damper to alloW a 
predetermined volume per unit time to How in the passage. 

[0024] In general, in another aspect, the invention features 
an apparatus including a controllable damper to regulate 
How of air through an air ?oW passage betWeen an exterior 
of a building and an air handler, a sensor to sense air ?oW 
through the passage, a control circuit to receive signals from 
the sensor and to send signals to cause the controllable 
damper to alloW a predetermined volume per unit time to 
How in the passage, and a housing that supports the damper 
and the sensor and includes features to mount the housing 
betWeen an exterior of a building and an air handler. 

[0025] In other aspects, the invention features media bear 
ing instructions to cause a machine to perform such tech 
niques and apparatus to perform such techniques. 

[0026] Other advantages and features Will become appar 
ent from the folloWing description and from the claims. 

DESCRIPTION 

[0027] FIG. 1 is a schematic diagram of a space heating 
and cooling system. 

[0028] FIG. 2 is a three-dimensional vieW of portions of a 
heating and cooling system. 

[0029] FIGS. 3 and 9 are a sectional side vieW and a top 
vieW of an assembly. 

[0030] FIGS. 4 and 5 are perspective vieWs of parts of a 
damper. 

[0031] FIGS. 6 and 8 are perspective vieWs of parts ofan 
air?oW sensor. 

[0032] FIG. 7 is a perspective vieW of a ?ange/?lter 
housing. 

[0033] FIG. 10 is a schematic diagram of a control system. 

[0034] FIGS. 11A, 11B, and 11C are vieWs ofa controller. 

[0035] FIGS. 12 through 15 are time lines. 

[0036] FIG. 16 is a ?owchart. 
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[0037] As shown in FIG. 2, an air?ow sensing unit 52 can 
be placed in the ?oW path of outside air 13 (or other source 
of replacement air) that is passing from the outside envi 
ronment 12 to an intake port 54 of the air handler 32 from 
an outside air vent 90. (We use the phrase air handler in a 
very broad sense to include any kind of equipment that 
processes air for the purpose of providing, for example, 
heating, cooling, or ventilation in a space.) The air ?oW 
sensing unit 52 includes an air ?oW sensor (hidden in FIG. 
2) that produces a stream of signals from Which the volume 
of air that passes along the air path per unit of time (e. g., 20 
cubic feet per minute, CFM) may be derived. 

[0038] The derivation of the CFM can be done, in one 
example, by a processor in a local electronic circuit 56 
(Which We sometimes call an air?oW controller) that is 
mounted on the sensing unit 52 or, in another example, can 
be sent by a cable 58 to a thermostat and controller 60 
(Which We sometimes call simply a controller or a main 
controller) mounted on a Wall 62 of a space of a building. 
The main controller 60 contains a thermostat circuit that 
compares data indicative of the temperature in the space 
With a desired set point temperature. In some implementa 
tions, the controller itself may not contain a temperature 
sensor but may be connected as a controller to an existing 
thermostat and in that role monitors the existing thermostat. 
The controller 60 sends control signals on a cable 66 to a set 
of drivers 68 on the air handler to control heating and 
cooling to drive the temperature in the space to reach the set 
point and to control central fan operation during heating and 
cooling and at other times. The controller 60 may also 
receive data on a cable 70 from an outside sensor 72 that 
senses one or both of the relative humidity and temperature 
of the outside air and may use the data as part of an 
algorithm that determines When to call for heating or cool 
mg. 

[0039] (For example, if the controller determines that the 
outside temperature is cooler than the inside temperature at 
a time When cooling is being requested, the controller could 
open the damper fully and turn on the central fan for a period 
to attempt to cool the space With outside air Without using 
the cooling feature of the air handler. The converse deter 
mination could be made for heating When the outside 
temperature is Warmer than the inside temperature. 

[0040] If the outside relative humidity is high during a call 
for cooling, the controller could alloW the space to be cooled 
a small amount loWer than the set point to alloW long cooling 
runs to dry out the inside air. Short cycling the air handler 
for cooling tends not to remove much Water from the air, 
Which can occur if a system is over-siZed. In another use, if 
the outside air temperature is close to the inside air tem 
perature, Which could result in relatively little fresh air being 
provided to the space, the damper may be open fully or for 
a longer period to increase the fresh air delivered. 

[0041] These control features could also be based on 
signals from an inside relative humidity sensor. 

[0042] In another application, When the Weather is cold 
and dry outside, and the inside relative humidity is elevated, 
the controller may open the damper more fully or for a 
longer period to reduce the inside relative humidity. 

[0043] The main controller 60 also is con?gured to send 
damper control signals to control a motor 78 that is mounted 
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on a damper 50 and can drive the damper to any position 
betWeen full closed and full open (the full open position may 
be, e.g., 90 degrees from its closed position). The damper 
control signals may be sent on cable 58 through the air?oW 
controller 56 to the motor driver. The controller can open 
and close the damper for any number, frequency, and length 
of time periods and by any amounts Within the operating 
range of the damper. The main controller uses an algorithm 
and circuitry (discussed later) to determine the time periods 
and the degree of opening that Will be applied for each time 
period. 
[0044] The air?oW controller drives the damper to the 
desired position in the folloWing Way: The damper motor 
may be a 1 rpm motor, for example, so that the passage of 
time can be used to determine position. For example, 
running the motor for 15 seconds puts the damper full open 
at 90 degrees. The motor can be inde?nitely stalled Without 
damage, so each time the damper is to be closed fully it is 
run longer than necessary and stalls in the full closed 
position, which effectively resets it to a knoWn position. 
Because the motor is run on alternating current, Which is 
closely regulated by the poWer company, and because the 
clock speed of the microprocessor is relatively accurate, 
position can be determined accurately based on time. 

[0045] The damper 50 and the air ?oW sensing unit 52 
have cylindrical outer Walls and are arranged in line together 
With a ?ange 82 to form a vent insert 84. The vent insert can 
be installed in line With and betWeen a standard vent pipe 86 
and the rectangular intake port of the air handler. The other 
end of vent pipe 86 passes through a Wall 88 of the building 
and connects to the outside vent cover 90. 

[0046] As shoWn in FIGS. 3, 4, and 5, the damper 50 
includes a molded cylindrical body 94 and a molded ?at 
round vane 95. Approximately halfWay along the inner Wall 
of the body 94 is a circular rim 96 that projects into the space 
Within the cylindrical body to de?ne a closed position at 
Which the damper is stopped as it is rotated to the closed 
position. 
[0047] On the outer Wall of the body 94, a ?at surface 98 
is de?ned to support an electric stepper motor and gear 
assembly 100 used to drive the damper to selected positions 
based on signals sent from the controller. 

[0048] At tWo diametrically opposite positions around the 
rim 96 are tWo holes 90, 92. The vane 95 (Which is not 
shoWn in FIGS. 3 and 4) has tWo slightly o?fset (along an 
axis normal to the vane) semicircular plates 97, 99, joined at 
a central tube 91. The damper is held in place in the body 94 
by tWo pins 93, 97 (FIG. 3), one that projects from hole 90 
into one end of the central tube. One end of the other pin is 
connected to a shaft of the motor and gear assembly 100. 
The other end of that pin projects into the other end of the 
central tube 91 and is keyed into that hole so that rotation of 
the motor causes rotation of the damper. 

[0049] The circular end 102 of the body of the damper 50 
that connects to the sensor unit has projecting ?ngers 106, 
108 that mate With and lock into corresponding holes 109, 
111 (FIG. 6) in a body of the sensor unit. The other end 103 
of the body of the damper 50, Which connects to the ?ange 
82, has tWo holes 110, 112 to receive projecting ?ngers 
similar to the ?ngers 106, 108. 

[0050] Referring to FIG. 7, the ?ange 82 has a round end 
120 having an inside diameter that is slightly larger than the 
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outside diameter of the end of the damper With Which it 
mates. TWo ?ngers 122, 123 project into the space de?ned 
by the round end 120 and mate With the holes 110, 112 of the 
damper. All of the ?ngers 106, 108, 122, 123 have tapered 
leading edges to permit then to be easily forced into the 
mating holes and have blunt trailing edges to make them 
hard to remove from the mating holes except by inserting a 
tool through the holes and against the ?ngers to force them 
out of the holes. 

[0051] The ?ange 82 includes a square cross-section 
tapered Wall 126 that tapers from the round end 120 to a 
square cross-section to the opposite square end 128 of the 
?ange. The square end is de?ned by a rail 130 that is formed 
along three sides of the square end. The fourth side 132 has 
no rail. 

[0052] The rail 130 includes a mounting lip 134, 135 
having a roW of screW holes for use in mounting the ?ange 
to the sheet metal Wall of the air handler. The three sides of 
the rail de?ne a square pocket at the square end of the ?ange 
that is larger than the inlet port of the air handler and is deep 
enough to receive an air ?lter (not shoWn), e.g., a standard 
square air ?lter or a custom one. 

[0053] As shoWn in FIG. 6, the air?oW sensing unit 52 has 
a molded cylindrical body 140. One end 142 of the body has 
a tapered section 144 to enable the unit to be inserted and 
held Within the inner diameter of the vent pipe 86. The other 
end 146 of the unit has an enlarged cylindrical section 148. 
The inner diameter of the section 148 is large enough to 
receive the outer diameter of the end of the damper. 

[0054] The outer Wall of the body 140 supports a box 150. 
The electronic circuit 56 (not shoWn in FIG. 6), Which We 
also call an air?oW controller, is held in the box. Inside the 
body 140, four Wings 156 (arranged at 90-degree intervals) 
extend from the inner Wall of the body to a central axis 158. 
At the central axis, a ring 160 is supported on the Wings. A 
hole 162 in the ring is siZed to receive a pin that is used to 
mount a fan. 

[0055] As shoWn in FIG. 8, the fan 164 that is mounted on 
the body 140 has four identical fan blades 166 evenly spaced 
around a hub 168 that has a mounting hole 170 and a central 
axis 172. The fan blades are mounted at an angle to the axis. 
The hub is mounted on the ring 160 (FIG. 6) using a pin (not 
shoWn) that permits the fan to rotate freely about the axis 
158, 172. A magnet 173 is mounted near the outer end of 
each of the fan blades. 

[0056] As shoWn in FIGS. 3 and 9, When assembled, one 
end 103 of the damper 94 is inserted into the round end 120 
of the ?ange until the tWo ?ngers on the ?ange latch into the 
tWo holes in the damper. The other end 102 of the damper 
is inserted into the larger end 148 of the sensor unit 146 until 
the ?ngers on the damper snap into the corresponding holes 
in the sensor unit. The resulting assembly 180 is then 
installed in the building by screWing the ?ange to the air 
handler and inserting the free end of the sensor unit into the 
vent pipe. The motor 100 of the damper is connected to a 
source of poWer and the signal lines among the air?oW 
controller and the damper are connected to the main con 
troller. A ?lter is inserted into the pocket at the interface 
betWeen the air handler and the ?ange. 

[0057] Once the assembly 180 has been installed, When 
the damper is open and air is draWn into the air handler from 
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the outside, the air moves through the sensor causing the fan 
to rotate. The fan rotates more rapidly With higher velocity 
of air motion. The rotation of the fan is indicative of the air 
?oW volume per unit time. As the fan rotates, the air?oW 
controller detects When each of the magnets on the blades 
passes the location of a magnetic detector that is part of the 
air?oW controller. The air?oW controller then determines the 
RPM (Which may be the instantaneous RPM in some 
examples, or an averaged RPM in other examples). Based on 
the RPM signals, the main controller converts the RPM 
signals to a ?oW rate in CFM, for example, by using a stored 
look-up table that associates ?oW rates With rotation rates as 
determined empirically. 

[0058] The air?oW controller circuitry 202 and the main 
controller circuitry 204 and their interconnections are shoWn 
in FIG. 10. 

[0059] The main controller includes a microprocessor 204, 
a display 206 that is controlled by the microprocessor, and 
a keyboard 208 that enables a user to manage the operation 
of the main controller. In one implementation, the keypad 
provides eight keys (membrane sWitch keys 1 through 6, and 
up, doWn, and mode buttons), and the display has the 
con?guration shoWn in the ?gure. The microprocessor 
includes control outputs 209 for the fan driver 210, the heat 
driver 212, a second heat driver 214, and a cooling driver 
216. The outputs are carried on a cable 66 to the air handler 
Where the drivers are located. 

[0060] The main controller includes a thermistor 218 to 
detect the temperature Within the space being heated or 
cooled. The main controller may also include a relative 
humidity sensor 220. Optionally, the microprocessor can 
also receive signals from an outside temperature sensor and 
an outside relative humidity sensor 72 that are mounted in a 
position exposed to the outside World. Data to be sent back 
and forth betWeen the main controller and the air?oW 
controller on the cable 58 is handled by a netWork interface 
222 at the main controller end of the cable and a corre 
sponding netWork interface 224 on the air?oW controller end 
of the cable. 

[0061] The air?oW controller 202 includes a microproces 
sor 230, Which receives directives about the timing and 
degree of opening of the damper from the main controller. 
The primary output control signals from the microprocessor 
are clockWise and counterclockWise signals 232, 234 that 
are delivered to the motor driver 236. In one example, the 
counterclockWise signals are controlled to cause the damper 
to move toWard the fully open position. The clockWise 
signals are controlled to cause the damper to return toWard 
the fully closed position. Any degree of opening betWeen 
fully open and fully closed can be achieved. The air?oW 
controller turns on the central fan Whenever the damper is 
opened. In examples that include a thermostat in the central 
controller, the controller Would cause the central fan to be 
turned on using a signal 233 produced by the air?oW 
controller. In examples in Which the central controller does 
not include a thermostat, a relay 225 is used to turn on the 
fan independently of the thermostat. 

[0062] The fan sensor 240 may be a Hall effect device that 
detects the passage of each blade of the fan and delivers a 
corresponding signal to the microprocessor. The micropro 
cessor converts the signals to an RPM value, Which is then 
passed back to the main controller through the netWork 
interfaces. 
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[0063] A pushbutton 242 may be used to test the air?ow 
controller, and a tri-color LED 244 is used to indicate the 
state of the air?ow controller. Optionally, the air?ow con 
troller can receive signals from incoming air temperature 
and humidity sensors 248, 246, process the signals to 
produce raw data, and pass the raw data back to the main 
controller. 

[0064] The air?ow controller operates as a slave to the 
main controller and receives and responds to commands 
from the main controller. 

[0065] When the main controller commands the slave to 
open the damper to position x, the air?ow controller causes 
the damper to open to the requested position, x. When the 
main controller commands the slave to report its status, the 
air?ow controller reports the position of the damper, includ 
ing the status indicated by its LEDs 244, the state of the push 
button 242, and any error codes. When the main controller 
commands the slave to report the fan RPM, the air?ow 
control sends back the value of the fan RPM. When the main 
controller commands the slave to change the LED’s state, 
the air?ow controller replies with an acknowledgement. 

[0066] FIGS. 11A, 11B, and 11C show a front view with 
cover closed, a perspective view, and a front view with cover 
open of the external housing of the main controller. In 
addition to controlling the fan on periods and the damper 
open periods, the controller serves as a conventional pro 
grammable thermostat. For this purpose it provides keys to 
program a weekday set point schedule and a weekend set 
point schedule, and keys to set the day and time. A ?fth key 
controls the set point and a hold key sets the hold function. 
The two buttons that have up and down arrows are used to 
increase or decrease a value and the square button serves a 
similar role to an enter button on a keyboard. 

[0067] The mode and up and down buttons are used to set 
Af, Fp, and Fm values (described later). The controller 
includes a main housing and a base that is attached to the 
wall. The main housing snaps onto the base. By holding the 
up button in while snapping the housing to the base, the 
microprocessor is alerted to enter setup mode. Once in setup 
mode the display indicates the value that is being set. 
Pressing the mode button cycles through the three variables 
that are to be set. When a given variable is in set mode, the 
up and down arrows control the value of the setting. Other 
arrangements could be used to invoke the setup mode, for 
example, pressing a combination of the membrane switches 
at one time. In some implementations, a separate device may 
be provided to read out data from the controller and the 
device may also be able to lock and unlock the settings or to 
re-program the settings and then lock the settings so that the 
user is precluded from changing them. 

[0068] The hold button controls both the hold options and 
the high occupancy options. The hold options could include 
setting a number of days for holding, or setting to hold 
inde?nitely. The high occupancy option would hold the 
setting for a speci?ed number of hours. 

[0069] To operate the system, the user may use the keypad 
and the display of the controller to enter several values to be 
used by the control algorithm. One value is an average 
desired fresh air ?ow rate into the space being heated or 
cooled, called Af and expressed in cubic feet per minute. The 
user can determine what this value should be by using 
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simple recommendations of another party or by doing a 
calculation on a website based on the characteristics of the 

house, and its occupancy. ASHRAE, for example, speci?es 
l5 CFM per person. Or 15 CFM per bedroom +one. For 
example, the user may set the value of Af to 30 CFM 
indicating a desire to have an average 30 CFM of fresh air 
delivered to the space. A second value is the controller duty 
cycle called Fp and expressed in minutes, which represents 
the durations of the successive periods over which the 
algorithm will be applied. A third value is a fan minimum 
run time, called Pm and expressed in minutes, which rep 
resents the minimum number of minutes that the fan should 
run during each controller duty cycle. 

[0070] The controller uses the entered values to calculate 
a required ?ow rate, calledAr and expressed in cubic feet per 
minute, which will apply during the periods when the fan is 
running and the damper is open. Ar is calculated as (Fp/ 
Fm)Af=Ar. For example, if Af=30, Fp=l0, and Fm=30, then 
Ar=90 CFM which is the ?ow that must be achieved during 
the periods when the damper is open. 

[0071] The user can use the controller keypad to override 
the normal operation of the algorithm by specifying a hold 
mode or a high occupancy mode. 

[0072] The hold mode could be applied, for example, 
during a vacation period when the space will not be occu 
pied. When the user presses the hold button, the controller 
prompts the user to enter a number of days to hold. The 
controller then holds the temperature constant at the then 
current set point and disables setback scheduling for the 
speci?ed number of days or inde?nitely (depending on the 
setting option that is used. The fresh air ?ow rate Af is 
reduced to a pre-set minimum ?ow rate, for example, 90 
CFM. The fan minimum run time Fm is reduced to a pre-set 
time, for example, 10 minutes. 

[0073] Another variant of the hold mode could be used in 
situations in which outside ventilation is being obtained, say, 
from an opened window in a context in which the thermostat 
is not calling for either heating or cooling. In such a 
circumstance, when the user enters the hold mode, he could 
be given an option to completely disable fan operation and 
fresh air input, for example, until further input from the user. 

[0074] The high occupancy mode may be used, for 
example, when a larger than normal number of people will 
occupy the space, requiring a higher than normal fresh air 
?ow rate. When the user presses the high-occupancy button, 
the controller prompts for a number of hours to maintain the 
high occupancy mode. During the period when the mode is 
maintained, the temperature is held at the current set point, 
and setback scheduling may be disabled. The fresh air ?ow 
rate Af is increased to a pre-set maximum ?ow rate, for 
example 90 CFM. The fan minimum run time, Fr, is 
increased to a pre-set run time, for example, 10 minutes. 
During high occupancy mode, if the set point temperature 
cannot be maintained, then the fresh air ?ow rate Af will be 
decreased until the set point temperature is reached. Reduc 
ing the fresh air ?ow rate in this way will enable the heater 
or cooler to adjust the temperature to the set point. 

[0075] As shown in FIG. 12, in some control systems a 
user can indicate the percentage of time (for example, 33%) 
that he would like the central fan of the air handler to 
runiwhether or not the thermostat is calling for heating or 








