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(57) ABSTRACT 

An air handling system for supplying one or more Zones 
with air?ow. The air handling system generally includes a 
cold air damper, a hot air damper, a fan, and a controller. The 
cold air damper is associated with the one or more Zones, 
and is movable between an open position and a closed 
position. The hot air damper is also associated with the one 
or more Zones, and is movable between an open position and 
a closed position. The fan is positioned upstream of the cold 
air damper and the hot air damper and operates at varying 
speeds to generate the air?ow for the one or more Zones. The 
controller modulates the speed of the fan to maintain the 
cold air damper in an approximately fully open position or 
an approximately fully closed position. 
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MULTI-ZONE AIR HANDLING SYSTEMS AND 
METHODS WITH VARIABLE SPEED FAN 

RELATED APPLICATIONS 

[0001] This application claims priority to US. Provisional 
Patent Application Ser. No. 60/701,599, ?led Jul. 22, 2005, 
and US. Provisional Patent Application Ser. No. 60/701, 
595, ?led Jul. 22, 2005, the entire contents of both of Which 
are incorporated herein by reference. 

FIELD 

[0002] Embodiments of the invention relate to air handling 
units. 

BACKGROUND 

[0003] Air handling units (“AHUs”) or heating, ventila 
tion, and air conditioning (“HVAC”) units can be used to 
regulate temperature, ventilation, and humidity levels of 
structures of various siZes. AHUs are often employed in a 
variety of commercial and industrial buildings to ensure the 
physical comfort of occupants. 

SUMMARY 

[0004] In one embodiment, an air handling system for 
supplying one or more Zones With air?oW includes a cold air 

damper, a hot air damper, a fan, and a controller. The cold 
air damper is associated With the one or more Zones, and is 
movable betWeen an open position and a closed position. 
The hot air damper is also associated With the one or more 
Zones, and is movable betWeen an open position and a closed 
position. The fan is positioned upstream of the cold air 
damper and the hot air damper and operates at varying 
speeds to generate the air?oW for the one or more Zones. The 
controller modulates the speed of the fan to maintain the 
cold air damper in an approximately fully open position or 
fully closed position. 

[0005] In another embodiment, a method of supplying one 
or more Zones With air?oW includes generating air?oW With 
a variable speed fan and routing the generated air?oW to a 
cold air pathWay and a hot air pathWay. The cold air pathWay 
includes a cold air damper movable betWeen an approxi 
mately fully open position and an approximately fully closed 
position. The hot air pathWay includes a hot air damper 
movable betWeen an open position and a closed position. 
The method also includes modulating the speed of the fan to 
maintain the cold air damper in one of the approximately 
fully open position and the approximately fully closed 
position. 

[0006] In another embodiment, an air handling system that 
supplies air?oW to one or more Zones includes a variable 

speed drive and a controller. The variable speed drive turns 
a fan to generate the air?oW for the one or more Zones. The 
controller modulates the speed at Which the variable speed 
drive turns the fan based at least partially on a temperature 
of the one or more Zones. The controller also maintains a 

cold air damper of the system in an approximately fully open 
position or an approximately fully closed position. 

[0007] Other aspects Will become apparent by consider 
ation of the detailed description and accompanying draW 
ings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 illustrates a block diagram of an exemplary 
air handling system. 

[0009] FIG. 2 illustrates another block diagram of an 
exemplary air handling system. 

[0010] FIG. 3 illustrates yet another block diagram of an 
exemplary air handling system. 

[0011] FIG. 4 illustrates an exemplary process for supply 
ing one or more Zones With air?oW. 

[0012] FIG. 5 illustrates an exemplary process for con 
trolling outside air entry and an economiZer. 

[0013] FIG. 6 illustrates an exemplary process for con 
trolling a variable speed drive. 

[0014] FIG. 7 illustrates another exemplary process for 
controlling a variable speed drive. 

[0015] FIG. 8 illustrates an exemplary process for con 
trolling the temperature of a cold deck. 

[0016] FIG. 9 illustrates an exemplary process for con 
trolling the temperature of a hot deck. 

DETAILED DESCRIPTION 

[0017] Before any embodiments of the invention are 
explained in detail, it is to be understood that the invention 
is not limited in its application to the details of construction 
and the arrangement of components set forth in the folloW 
ing description or illustrated in the folloWing draWings. The 
invention is capable of other embodiments and of being 
practiced or of being carried out in various Ways. Also, it is 
to be understood that the phraseology and terminology used 
herein is for the purpose of description and should not be 
regarded as limiting. The use of “including,”“comprising,” 
or “having” and variations thereof herein is meant to encom 
pass the items listed thereafter and equivalents thereof as 
Well as additional items. Unless speci?ed or limited other 
Wise, the terms “mounted,”“connected,”“supported,” and 
“coupled” and variations thereof are used broadly and 
encompass both direct and indirect mountings, connections, 
supports, and couplings. Further, “connected” and 
“coupled” are not restricted to physical or mechanical con 
nections or couplings. 

[0018] FIG. 1 illustrates an exemplary air handling system 
100 according to an embodiment of the invention. The air 
handling system 100 generally includes a fan 105 that is 
driven by a variable speed drive (“VSD”) 110, a plurality of 
cold air dampers 115, a plurality of hot air dampers 120, and 
a plurality of Zones 125. The air handling system 100 also 
includes a controller 130. The air handling system 100 can 
route air?oW 135 from the fan 105 to the plurality of Zones 
125, as described in greater detail beloW. In other embodi 
ments, the air handling system 100 may have more or feWer 
cold air dampers 115, hot air dampers 120, and Zones 125 
than those shoWn. Additionally, the VSD may also be 
referred to as a variable frequency drive (“VFD”). 

[0019] The fan 105 and VSD 110 are used to generate the 
air?oW 135. For example, the fan 105 is turned in accor 
dance With control signals from the VSD 110, and as the fan 
105 turns, it creates the air?oW 135. As such, the VSD 110 
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has the ability to decrease or increase the speed of the fan 
110, Which consequently reduces or increases the amount of 
air?ow 135. 

[0020] The cold air dampers 115 and hot air dampers 120 
control the amount of the air?oW 135 that is alloWed to How 
to the Zones 125. For example, the cold air dampers 115 and 
hot air dampers 120 include one or more movable elements 
or partitions Which can be moved betWeen a fully open 
position and a fully closed position. When the cold air 
dampers 115 and the hot air dampers 120 are in the fully 
open position, substantially all of the air?oW 135 is alloWed 
to pass to the Zones 125. Conversely, When the cold air 
dampers 115 and the hot air dampers 120 are in the fully 
closed position, none, or relatively little, of the air?oW 125 
is alloWed to pass to the Zones 125. Generally, as described 
in greater detail With respect to FIG. 2, the cold air dampers 
115 are associated With a cold air deck, Which cools the 
air?oW 135 prior to the air?oW reaching the Zones 125. 
Additionally, the hot air dampers 120 are generally associ 
ated With a hot air deck, Which heats the air?oW 135 prior 
to the air?oW reaching the Zones 125. 

[0021] The Zones 125 are the areas to Which the air?oW 
135 is routed. In some embodiments, such as, for example, 
a relatively large commercial or industrial structure, the 
Zones 125 can include one or more rooms Within the 

structure. Alternatively, the Zones 125 may include one or 
more entire ?oors of the structure. The siZe, shape, and 
number of Zones 125 depend on the siZe and design of the 
structure, as Well as the capabilities of the air handling 
system 100. 

[0022] The controller 130 provides the VSD 110 With a 
control signal that is used by the VSD 110 to modulate the 
speed of the fan 105. Generally, the controller 130 can be a 
suitable electronic device, such as, for example, a program 
mable logic controller (“PLC”), a personal computer (“PC”), 
and/or other industrial or personal computing device. As 
such, the controller 130 may include both hardWare and 
softWare components, and is meant to broadly encompass 
the combination of such components. In order to commu 
nicate With the VSD 110, the controller 130 is linked to the 
VSD via hardWired or Wireless connections. Additionally, in 
order to perform functions (e.g., generating VSD control 
signals, transmitting signals, etc.), the controller 130 
includes a set of commands and/or parameters, or a program. 
The set of commands can be stored, accessed, and/or 
changed, and can be created using a variety of suitable 
computer programming languages (e.g., ladder logic, C++, 
etc.). 
[0023] In the embodiment shoWn in FIG. 1, the controller 
130 is remote or separate from the VSD 110. HoWever, in 
other embodiments, the VSD 110 may include an integrated 
control system (e.g., a dedicated controller integrated With 
the drive). In such embodiments, the functions of the con 
troller 130 may be integrated into the VSD 110. Addition 
ally, as described in greater detail With respect to FIG. 2, the 
controller 130 may be in communication With, or linked to, 
multiple other components of the air handling system 100. 

[0024] FIG. 2 illustrates another exemplary air handling 
system 200 according to an embodiment of the invention. 
The air handling system 200 includes a plurality of mechani 
cal components (e.g., dampers, valves, ductWork, etc.), as 
Well as a plurality of electrical components (e.g., tempera 
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ture sensors, relative humidity sensors, etc.), Which are 
described in greater detail beloW. HoWever, it should be 
noted that the mechanical and electrical component group 
ings are broad generaliZations meant to facilitate the descrip 
tion of the overall air handling system 200. Thus, compo 
nents described as “mechanical” components may also 
include associated electrical components (e.g., a damper that 
is moved by an associated electrical motor), and vice versa. 

[0025] The mechanical components of the air handling 
system 200 can be generally split into three sections, each 
section having its oWn set of components. For example, an 
economiZer section 203 includes an outside air duct 206, an 
outside air damper 209, a return air duct 212, a return air 
damper 215, a release air duct 218, a release air damper 221, 
a mixed air duct 222, and a supply fan 224. A heating and 
cooling section 227 includes a cold deck 230 having a cold 
deck valve 233 and an associated cold air duct 236, and a hot 
deck 239 having a hot deck valve 242 and an associated hot 
air duct 245. A Zone section 248 includes a plurality of cold 
air dampers 251, a plurality of hot air dampers 254, Zone air 
ductWork 257, and a plurality of Zones 260. Additionally, in 
some embodiments, the cold air dampers 251 and the hot air 
dampers 254 have an associated actuator 261. Each of the 
three sections is described in greater detail beloW. 

[0026] The economiZer section 203 generally controls the 
amount of air?oW that enters the air handling system 200, 
the amount of air?oW that is returned or recycled through the 
air handling system 200, and the amount of air that is 
alloWed to be released from or exit the air handling system 
200. For example, the outside air duct 206 provides a 
conduit for air?oW to enter the air handling system 200. The 
outside air damper 209 can be moved from a fully open 
position to a fully closed position to alloW varying amounts 
of air?oW to How through the outside air duct 209. The 
return air duct 212 and the return air damper 215, and the 
release air duct 218 and the release air damper 221, control 
the air?oW in a similar fashion. In some embodiments, the 
outside air damper 209, the return air damper 215, and the 
release air damper 221 are linked such that repositioning one 
of the dampers also causes the other dampers to be reposi 
tioned. For example, if the return air damper 215 is posi 
tioned approximately 80% open (e.g., 80% of the air?oW is 
recycled or re-circulated), the outside air damper 209 and the 
release air damper 221 may be positioned 20% open (e.g., 
20% of the air?oW is alloWed to enter from outside, While 
20% of the air?oW is alloWed to be released). Correspond 
ingly, if the return air damper 215 is positioned approxi 
mately 90% open (e.g., 90% of the air?oW is recycled or 
re-circulated), the outside air damper 209 and the release air 
damper 221 may be positioned 10% open (e.g., 10% of the 
air?oW is alloWed to enter from outside, While 10% of the 
air?oW is alloWed to be released). The mixed air duct 222 
provides a conduit for air?oW from the outside air damper 
209 and the return air damper 215 to mix and be routed to 
other components of the air handling system 200. In some 
embodiments, the outside air damper 209, the return air 
damper 215, and the release air damper 221 are actuated or 
moved by a damper actuator (e.g., an electric motor, a 
hydraulic motor, etc.). The supply fan 224 is positioned 
doWnstream of the outside air damper 209 and the return air 
damper 215, and provides the force required to move the 
air?oW through the air handling system 200 at a desired 
speed. In some embodiments, the speed at Which the fan 224 
turns is variable, as described in greater detail beloW. 
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[0027] The heating and cooling section 227 is generally 
responsible for heating and cooling the air?oW of the air 
handling system 200. For example, the cold deck 230 cools 
the air?oW using one or more cold Water coils, or another 
suitable mechanism, prior to the air?oW being routed 
through the cold air duct 236. The temperature of the cold 
Water coils of the cold deck 230 is controlled using the cold 
deck valve 233, Which alloWs more or less Water to pass 
through the cold Water coils. Thus, by modulating the 
position of the cold deck valve 233, the temperature of the 
air?oW is effectively controlled. In a similar manner, the hot 
deck 239 heats the air?oW using one or more hot Water coils, 
or another suitable mechanism, prior to the air?oW being 
routed through the hot air duct 245. The temperature of the 
hot Water coils of the hot deck 239 is controlled using the hot 
deck valve 242. Thus, by modulating the position of the hot 
deck valve 242, the temperature of the air?oW is effectively 
controlled. 

[0028] The Zone section 248 is generally responsible for 
mixing the air?oW from the cold air duct 236 and the air?oW 
from the hot air duct 245, and routing that mixed air?oW to 
the Zones 260. In the embodiment shoWn in FIG. 2, each 
Zone 260 is supplied With air?oW by a single cold air damper 
251 and a single hot air damper 254 (e.g., a “damper pair”). 
Thus, the mixed air?oW can be provided to the Zones 260 by 
modulating the respective positions of the cold air dampers 
251 and the hot air dampers 254 associated With each Zone 
260, and routing the air?oW from the cold air dampers 251 
and the hot air dampers 254 through the Zone air ductWork 
257. In some embodiments, each damper pair is coupled, or 
otherWise linked, such that as the cold air damper 251 closes, 
the hot air damper 254 opens, and vice versa. Thus, if the 
cold air damper 251 of a damper pair is positioned in a fully 
open (or approximately fully open) position, the hot air 
damper 254 of the damper pair is positioned in a fully closed 
(or approximately fully closed) position. As previously 
described, in some embodiments, the cold air dampers 251 
and the hot air dampers 254 are actuated or moved by the 
associated damper actuators 261. These damper actuators 
261 may be electronically controlled, as described in greater 
detail beloW. 

[0029] The three sections detailed above also include 
electrical components. For example, the electrical compo 
nents of the economiZer section 203 include an outside air 
temperature sensor 263, a return air temperature sensor 266, 
a mixed air temperature sensor 269, a return air relative 
humidity sensor 272, and a VSD 275. The electrical com 
ponents of the heating and cooling section 227 include a cold 
supply air temperature sensor 281 and a hot supply air 
temperature sensor 278. The electrical components of the 
Zone section 248 include Zone air temperature sensors 284. 
The air handling system 200 also includes a controller 287, 
Which is not associated With any particular section of the air 
handling system 200. 

[0030] The electrical components associated With the 
economiZer section 203 generally measure the temperature 
of the outside air, return air, and mixed air, and the relative 
humidity of the return air. Additionally, the VSD 275 con 
trols the speed of the fan 224, which affects the amount of 
air?oW that is moved through the air handling system 200. 
In the embodiment shoWn in FIG. 2, the outside air tem 
perature sensor 263 is positioned Within or proximate to the 
outside air duct 206, and generates a signal that is indicative 
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of the temperature of the air?oW in the outside air duct 206. 
Similarly, the return air temperature sensor 266 and the 
mixed air temperature sensor 269 are positioned Within the 
return air duct 212 and the mixed air duct 222, respectively, 
and generate signals that are indicative of the temperature of 
the air?oW in the return air duct 212 and the temperature of 
the air?oW in the mixed air duct 222, respectively. Addi 
tionally, the return air relative humidity sensor 272 is 
positioned Within the return air duct 212, and generates a 
signal indicative of the relative humidity of the return 
air?oW (e.g., the air?oW that has been circulated through the 
Zones 260). The cold supply air temperature sensor 281 and 
the hot supply air temperature sensor 278 associated With the 
heating and cooling section 227 generate signals indicative 
of the temperature of the air?oW in the cold air duct 236 and 
the air?oW in the hot air duct 245, respectively. The Zone air 
temperature sensors 284 associated With the Zone section 
248 generate signals indicative of the temperature of the 
Zones 260. In some embodiments, the Zone air temperature 
sensors 284 are incorporated or integrated into a thermostat 
device. In such embodiments, the Zone air temperature 
sensors 284 may also generate or otherWise provide tem 
perature set point signals, Which indicate desired heating 
temperatures and/or desired cooling temperatures (e.g., a 
heating temperature of 70 degrees Fahrenheit and a cooling 
temperature of 72 degrees Fahrenheit). The signals gener 
ated by the described sensors may be provided to the 
controller 287, as described in greater detail beloW. 

[0031] Generally, the controller 287 receives data signals 
from and transmits control signals to (e.g., is in communi 
cation With) many of the mechanical and electrical compo 
nents of the air handling system 200. For example, in the 
embodiment shoWn in FIG. 2, the controller 287 receives 
data signals from the outside air temperature sensor 263, the 
return air temperature sensor 266, the mixed air temperature 
sensor 269, the cold supply air temperature sensor 281, the 
hot supply air temperature sensor 278, and the Zone air 
temperature sensors 284. Additionally, the controller 287 
transmits control signals to the damper actuators of the 
outside air damper 209, the return air damper 215, and the 
release air damper 221. The controller 287 also transmits 
control signals to the cold deck valve 233, the hot deck valve 
242, and the damper actuators 261 associated With the cold 
air dampers 251 and the hot air dampers 254. In some 
embodiments, the controller 287 also transmits a control 
signal to the VSD 275, Which, in turn, transmits a control 
signal to the fan 224. These signals are utiliZed and gener 
ated by the controller 287 according to one or more pro 
cesses or programs, such as, for example, the processes 
described With respect to FIGS. 4-9, to carry out a plurality 
of air handling system functions. As such, similar to the 
controller 130 (FIG. 1), the controller 287 can be a suitable 
electronic device, such as, for example, a programmable 
logic controller (“PLC”), a personal computer (“PC”), and/ 
or other industrial or personal computing device that 
includes both hardWare and software components that is 
capable of carrying out such processes and programs. 

[0032] FIG. 3 illustrates yet another exemplary air han 
dling system 300 according to an embodiment of the inven 
tion. Many of the components of the air handling system 300 
are similar to the components of the air handling system 200 
(FIG. 2) (similar components of the systems are numbered 
accordingly, for example, “2xx” is changed to “3xx”). Thus, 
not all of the components of the air handling system 300 are 
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described in detail. Rather, several dilTerences between the 
air handling system 300 and the air handling system 200 are 
described. The air handling system 300 and the air handling 
system 200 may include other dilTerences that are not 
speci?cally addressed herein. 

[0033] In addition to the components described in the air 
handling system 200 shoWn in FIG. 2, the air handling 
system 300 of FIG. 3 includes a neutral supply air duct 390 
and a plurality of neutral air dampers 393. Thus, the air?oW 
being generated by a fan 324 is split into three ducts 
including a cold supply air duct 336, a hot supply air duct 
345, and the neutral supply air duct 390. Additionally, each 
Zone 360 includes four associated dampers, or tWo separate 
damper pairs. For example, in the embodiment shoWn in 
FIG. 3, each of the Zones 360 includes a damper pair having 
a hot air damper 354 and a neutral air damper 393, and a 
damper pair having a cold air damper 351 and a neutral air 
damper 393. Generally, the tWo dampers of a damper pair 
are linked so that the dampers open and close together. For 
example, if the hot air damper 354 closes, the corresponding 
neutral air damper 393 also closes. HoWever, in some 
embodiments, the hot air damper 354 and the cold air 
damper 351 of the separate damper pairs are also linked, 
such that as a hot air damper 354 and a neutral air damper 
393 of one damper pair closes, the cold air damper 351 and 
the neutral air damper 393 of the related damper pair opens, 
and vice versa. As such, When the cold air damper 351 and 
corresponding neutral air damper 393 of a particular Zone 
360 are in a fully closed (or approximately fully closed) 
position, the hot air damper 354 and corresponding neutral 
air damper 393 of that Zone 360 are in a fully open (or 
approximately fully open) position. 

[0034] Introducing neutral air into the air?oW of the air 
handling system 300 may reduce cost, because not all of the 
air?oW has to be heated or cooled. HoWever, introducing 
neutral air into the air?oW of the air handling system 300 
may also a?cect the characteristics of the air?oW (e.g., the 
relative humidity of the air?ow). As such, the controller 387 
of the air handling system 300 may have the capability to 
adjust components of the air handling system 300 to account 
for the changing characteristics of the air?oW (e.g., mecha 
nisms and/or processes that modulate the temperature of a 
cold deck 330). 

[0035] FIGS. 4-9 describe processes that can be used to 
control the components of an air handling system, such as, 
for example, the air handling systems described With respect 
to FIGS. 1-3. For example, the processes described in FIGS. 
4-9 may be carried out by the controller 287 and/or other 
components shoWn in FIG. 2. HoWever, it should be noted 
that the processes shoWn in FIGS. 4-9 can be adapted for use 
With a variety of air handling systems, and are not limited in 
implementation to controlling the components of the air 
handling system 200. 

[0036] FIG. 4 illustrates an exemplary process 400 for 
supplying one or more Zones With air?oW according to an 
embodiment of the invention. The process 400 begins by 
generating air?oW With a variable speed fan (step 405). For 
example, air?oW can be generated using the fan 224 and the 
VSD 275. The next step in the process is to route the 
generated air?oW to a cold air pathWay and a hot air 
pathWay, such as the cold supply air duct 236 and the hot 
supply air duct 245 (step 410). The ?nal step in the process 
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400 is to modulate the speed of the fan 224 according to the 
position of a damper, such as the cold air damper 251 or the 
hot air damper 254 (step 415). For example, as described 
With respect to FIGS. 6 and 8-9, the position of a damper 
may a?cect hoW quickly or sloWly the fan 224 is required to 
turn. 

[0037] FIG. 5 illustrates an exemplary process 500 for 
controlling the amount of outside air that is alloWed to enter 
the air handling system 200, as Well as the damper positions 
of the economiZer section 203 (e.g., the outside air damper 
209, the return air damper 215, and the release air damper 
221). The ?rst step in the process is to check Whether the 
outside air temperature is higher than a high limit tempera 
ture of the economiZer section 203 or if the outside air 
temperature is loWer than a loW limit temperature of the 
economiZer section 203 (step 505). This step can be com 
pleted, for example, using data from the outside air tem 
perature sensor 263. In one embodiment, the loW limit 
temperature of the economiZer section 203 is approximately 
10 degrees Fahrenheit, and the high limit temperature of the 
economiZer section 203 is approximately 65 degrees Fahr 
enheit. If the outside air temperature is not Within an 
acceptable economiZer range, the air handling system 200 
alloWs a minimum amount of outside air into the air han 
dling system 200 (step 510). This may cause the controller 
287 to at least partially close the outside air damper 209, 
and, correspondingly, open the return air damper 215 to 
alloW more of the air?oW to be re-circulated. Re-circulating 
air?ow through the air handling system 200 can help reduce 
operating costs, because there is relatively little neW air?oW 
(e.g., air?oW from outside) to be heated or cooled by the hot 
deck 239 and the cold deck 230, respectively. 

[0038] If the outside air temperature is Within the tem 
perature range of the economiZer section 203 (e.g., the 
outside air temperature is betWeen the high temperature limit 
and the loW temperature limit), the next step in the process 
400 is to evaluate a Weighted damper position for the Zones 
260 of the air handling system (step 515). In the embodiment 
shoWn in FIG. 4, the Weighted damper position of the cold 
air damper 251 is calculated. In other embodiments, hoW 
ever, the Weighted damper position can be calculated for the 
hot air damper 254. The Weighted damper position can be 
calculated for the Zones 260 of the air handling system 200 
using the folloWing equation: 

x=2i:1ny;l5; 

In the equation above, yi represents a damper position 
command that ranges from 0 to l for Zone i. A damper 
position command of 0 corresponds to the cold air damper 
251 being fully open, While a damper position command of 
1 corresponds to the cold air damper 251 being fully closed. 
Additionally, the variable [3i represents a ratio of a design 
air?oW value of Zone i to a total design air?oW of the air 
handling system 200. Thus, the variable [3i changes from one 
Zone 260 to another if the Zones 260 are di?cerent siZes (e.g., 
the variable [3i gives more Weight to larger Zones). 

[0039] The Weighted damper position calculated in step 
515 can then be used to set a return air damper position by 
comparing the Weighted damper position of the Zones 260 to 
0.6 (step 520). For example, the position of the return air 
damper 215 can be adjusted according to the current heating 
or cooling condition for the Zones 260 (i.e., the Weighted 
damper position), in order to control hoW much of the 
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outside air enters the air handling system 200. Generally, a 
Weighted damper position that is less than 0.6 indicates that 
the cold air dampers 251 are more open than closed (i.e., the 
Zones 260 are being cooled). As such, a mixed air tempera 
ture set point (e.g., a set point corresponding to the air 
temperature measured by the mixed air temperature sensor 
269) is set to a cold air temperature set point (e.g., 55 
degrees Fahrenheit), and the return air damper 215 is modu 
lated to maintain the cold air temperature set point (step 
525). For example, the return air damper 215 is positioned 
to re-circulate enough of the air?oW to maintain the cold air 
temperature set point (as measured by the mixed air tem 
perature sensor 269), While draWing any remaining required 
air?oW from the outside air. Modulating the return air 
damper 215 in this Way can reduce costs, because a minimal 
amount of outside air is required to be cooled by the cold 
deck 230 prior to being routed to the Zones 260. 

[0040] Generally, a Weighted damper position of more 
than 0.6 indicates that the cold air dampers 251 are more 
closed than open (e.g., the Zones 260 are being heated). As 
such, if the Weighted damper position is greater than 0.6, the 
mixed air temperature set point is set to a hot air temperature 
set point (e.g., 70 degrees Fahrenheit), and the return air 
damper 215 is positioned to re-circulate enough of the 
air?oW to maintain the hot air temperature set point (as 
measured by the mixed air temperature sensor 269), While 
draWing any remaining required air?oW from the outside air. 
Modulating the return air damper 215 in this Way can reduce 
costs, because a minimal amount of outside air is required to 
be heated by the hot deck 239 prior to being routed to the 
Zones 260. 

[0041] In other embodiments, the positions of the econo 
miZer dampers (i.e., the outside air damper 209, the return 
air damper 215, and the release air damper 221) can be 
controlled differently. For example, the Weighted damper 
position may be calculated di?‘erently, or compared to a 
value other than 0.6. Additionally, the cold air temperature 
set point and the hot air temperature set point are variable, 
and may depend on the heating or cooling load of the 
structure. 

[0042] FIG. 6 illustrates an exemplary process 600 for 
controlling a VSD according to an embodiment of the 
invention. The process 600 can be used, for example, to 
modulate the speed of the VSD 275 (FIG. 2) using control 
signals from the controller 287 to ensure that at least one of 
the cold air dampers 251 is in a fully closed position or a 
fully open position. By maintaining at least one of the cold 
air dampers 251 in a fully closed position or a fully open 
position, resistance in the air handling system 200 is 
reduced, because mixing of cold air?oW from the cold 
supply air duct 236 and hot air?oW from the hot supply air 
duct 245 is minimiZed. Additionally, costs may be reduced 
because simultaneous heating of air?oW and cooling of 
air?oW is minimiZed. As previously described, the Zone 
damper positions (i.e., the cold air dampers 251 and the hot 
air dampers 254) can be evaluated on a scale of 0 to 1, With 
0 being the fully open position and 1 being the fully closed 
position. Similarly, the controller 287 can transmit control 
signals to the damper actuators 261 based on the 0 to 1 scale. 
For example, When the controller 287 transmits a control 
signal of 0.05 to the damper actuators 261, the damper 
actuators move the cold air dampers 251 to an approxi 
mately fully open position and the hot air dampers 254 to an 
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approximately fully closed position. Correspondingly, When 
the controller 287 transmits a control signal of 0.95 to the 
damper actuators 261, the damper actuators 261 move the 
cold air dampers 251 to an approximately fully closed 
position and the hot air dampers 254 to an approximately 
fully open position. The commands of 0.05 and 0.95 are used 
to ensure that the damper actuators 261 do not stress the 
dampers by opening them too far or closing them too tightly; 
hoWever, other similar commands can be used (e.g., 0.03 and 
0.97). 
[0043] The process 600 begins by measuring the speed of 
the fan 224 (step 605) and measuring the position of the cold 
air dampers 251 (step 610). In some embodiments, the 
controller 287 continually receives fan speed data and 
damper position data. In such embodiments, steps 605 and 
610 can be omitted. The next step in the process 600 is to 
check if a maximum damper command is equal to one, or a 
minimum damper command is equal to Zero (step 615). For 
example, the highest or loWest damper commands that are 
transmitted to the damper actuators 261 by the controller 
287 are compared to one and Zero, respectively. If the 
maximum damper command is one or the minimum damper 
command is Zero, the fan speed is increased (step 620). This 
can be completed, for example, by the controller 287 trans 
mitting a control signal to the VSD 275 to increase the speed 
of the fan 224. 

[0044] If, hoWever, the maximum damper command is not 
one and the minimum damper command is not Zero, the next 
step in the process 600 is to check if the maximum damper 
command is less than 0.95, if the minimum damper com 
mand is higher than 0.05, and if the VFD is higher than the 
minimum VFD speed (step 625). If the three conditions set 
forth in step 625 are true, the fan speed is decreased (step 
630). If the three conditions set forth in step 625 are not true, 
the current fan speed is maintained (step 635). The manner 
in Which, and amount by Which, the fan speed is increased 
and decreased during the process 600 are variable, and can 
depend on the siZe, type, and con?guration of the air 
handling system 200. 

[0045] FIG. 7 illustrates another exemplary process 700 
for controlling a variable speed drive according to an 
embodiment of the invention. Generally, the process 700 is 
used to modulate the speed of the VSD 275 (and the 
associated fan 224) to ensure that at least one of the 
temperatures of the Zones 260 is equal to a heating set point 
minus a control band or a cooling set point plus a control 
band, as described in greater detail beloW. The ?rst step of 
the process 700 is to measure the temperature of each of the 
Zones 260 (step 705). The next step of the process 700 is to 
check if the temperature of at least one of the Zones 260 is 
greater than a heating set point (e.g., 69 degrees Fahrenheit) 
minus a control band (e.g., approximately 1 to 2 degrees 
Fahrenheit) (step 710). If the temperature of at least one of 
the Zones 260 is not greater than the heating set point minus 
the control band, the fan speed is increased (step 715). If the 
temperature of at least one of the Zones is greater than the 
heating set point minus the control band, the next step in the 
process 700 is to check if the temperature of at least one of 
the Zones is less than a cooling set point (e.g., 71 degrees 
Fahrenheit) plus the control band (step 720). If the tempera 
ture of at least one of the Zones 260 is not less than the 
cooling set point plus the control band, the fan speed is 
increased (step 715). 
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[0046] If, however, the temperature of at least one of the 
Zones 260 is less than the cooling set point plus the control 
band, the next step in the process 700 is to check if the fan 
speed is greater than a minimum fan speed limit (step 725). 
The minimum fan speed limit can be set, for example, as a 
parameter Within the controller 287 and/or the VSD 275 to 
ensure that the fan 224 continues to force air through the air 
handling system 200 at a minimum rate. If the fan speed has 
not yet reached the minimum fan speed limit, the fan speed 
is decreased (step 730). If the fan speed has already reached 
the minimum fan speed limit, the fan speed remains at the 
minimum fan speed limit (step 735). In other embodiments, 
the process 700 can be carried out differently. For example, 
in one embodiment, the steps 710 and 720 can be transposed. 

[0047] FIG. 8 illustrates an exemplary process 800 for 
controlling the temperature of a cold deck according to an 
embodiment of the invention. The process 800 can be used, 
for example, to control the temperature of the cold deck 230 
using the cold deck valve 233, Which can affect the relative 
humidity ratio of the air?oW in the air handling system 200. 
The ?rst step in the process 800 is to check if a return air 
relative humidity ratio is greater than 60%. The relative 
humidity of the return air?oW can be measured using the 
return air relative humidity sensor 272. If the return air 
relative humidity ratio is higher than 60%, the cold deck 
temperature is set to 55 degrees Fahrenheit (step 810). If, 
hoWever, the return air relative humidity ratio is loWer than 
60%, the next step in the process 800 is to check if the return 
air relative humidity ratio is less than 55%, the minimum air 
damper command (as described, for example, With respect to 
FIG. 6) is greater than 0.05, and the speed of the VSD 275 
is greater than the minimum VSD speed (step 815). If the 
conditions set forth in step 815 are true, the cold deck set 
point is increased (step 820). Increasing the cold deck set 
point can cause the cold deck valve 233 to raise the 
temperature of the cold deck by decreasing the cold Water 
?oW. If the conditions set forth in step 815 are not true, the 
next step in the process 800 is to check if the minimum 
damper command is less than 0.05 and the speed of the VSD 
275 is greater than the minimum VSD speed (step 825). If 
the conditions set forth in step 825 are true, the cold deck set 
point is decreased (step 830). Decreasing the cold deck set 
point can cause the cold deck valve 233 to loWer the cold 
deck temperature by increasing the cold Water How. 

[0048] FIG. 9 illustrates an exemplary process 900 for 
controlling the temperature of a hot deck according to an 
embodiment of the invention. The process 900 can be used, 
for example, to control the temperature of the hot deck 239 
using the hot deck valve 242, Which can affect the tempera 
ture of the air?oW being routed through the hot supply air 
duct 245 to the Zones 260. The ?rst step in the process 900 
is to set a high temperature limit for the hot deck 239 (step 
905). Typically, the hot deck temperature should not exceed 
120 degrees Fahrenheit. Additionally, the high limit of the 
hot deck temperature may range from 120 degrees Fahren 
heit to 80 degrees Fahrenheit, depending on the outside air 
temperature. For example, if the outside air temperature is 0 
degrees Fahrenheit, the high limit of the hot deck 239 may 
be 120 degrees Fahrenheit (e.g., the outside air requires 
relatively considerable heating). Alternatively, if the outside 
air temperature is 80 degrees Fahrenheit, the high limit of 
the hot deck 239 may also be 80 degrees Fahrenheit (e.g., the 
outside air requires little heating). If a hot deck temperature 
is requested that is greater than the high limit of the hot deck 
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239, the controller 287 may issue an alarm and/or other 
Warning, indicating a possible malfunction or system fault. 

[0049] The next step in the process 900 is to check if the 
speed of the VSD 275 is less than the minimum VSD speed 
and the maximum damper position command is less than 
0.95 (step 910). If the conditions set forth in step 910 are 
true, the hot deck temperature set point is decreased (step 
915). Decreasing the hot deck temperature set point can 
cause the controller 287 to send a control signal to the hot 
deck control valve 242 to reduce the amount of heated Water 
that ?oWs through the hot deck 239. If the conditions set 
forth in step 910 are not true, the next step of the process 900 
is to check if the speed of the VSD 275 is greater than the 
minimum VSD speed and the maximum damper position 
command is greater than 0.95 (step 920). If the conditions 
set forth in step 920 are true, the hot deck temperature set 
point is increased (step 925). Increasing the hot deck tem 
perature set point can cause the controller 287 to send a 
control signal to the hot deck control valve 242 to increase 
the amount of heated Water that ?oWs through the hot deck 
239. If the conditions set forth in step 920 are not true, the 
next step in the process 900 is to check if the hot deck 
temperature is greater than a maximum hot deck temperature 
set point of the hot deck 239 (i.e., the high limit of the hot 
deck 239) (step 930). If the hot deck temperature is greater 
than the maximum hot deck temperature set point, the next 
step in the process 900 is to maintain the current hot deck 
temperature (step 935). If the hot deck temperature is not 
greater than the maximum hot deck temperature set point, 
the process 900 begins again at step 905. 

[0050] Each of the processes described in FIGS. 5-9 is 
illustrated as continually running “control loops.” For 
example, after an action is completed (e.g., increasing the 
hot deck temperature set point), the process returns to the 
?rst step in the process. HoWever, in some embodiments, the 
processes need not be completed on a continual basis, and 
can be completed only as needed. For example, the hot deck 
temperature set point may only be changed several times a 
day, rather than on a continual basis. 

[0051] Various features and advantages of the invention 
are set forth in the folloWing claims. 

What is claimed is: 
1. An air handling system for supplying one or more Zones 

With air?oW, the air handling system comprising: 

a cold air damper associated With the one or more Zones, 
the cold air damper movable betWeen an open position 
and a closed position; 

a hot air damper associated With the one or more Zones, 
the hot air damper movable betWeen an open position 
and a closed position; 

a fan positioned upstream of the cold air damper and the 
hot air damper, the fan con?gured to operate at varying 
speeds to generate the air?oW for the one or more 
Zones; and 

a controller con?gured to modulate the speed of the fan to 
maintain the cold air damper in an approximately fully 
open position or an approximately fully closed posi 
tion. 

2. The air handling system of claim 1, Wherein the cold air 
damper and the hot air damper are linked such that closing 
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the cold air damper opens the hot air damper and opening the 
cold air damper closes the hot air damper. 

3. The air handling system of claim 1, further comprising 
a variable speed drive con?gured to drive the fan. 

4. The air handling system of claim 1, Wherein the 
controller is con?gured to increase the fan speed When the 
cold air damper is in the fully open position or the fully 
closed position. 

5. The air handling system of claim 1, Wherein the 
controller is con?gured to decrease the fan speed When the 
cold air damper is positioned betWeen the fully open posi 
tion and the fully closed position and the fan speed is greater 
than a predetermined minimum value. 

6. The air handling system of claim 1, further comprising 
at least one Zone temperature sensor associated With the one 
or more Zones and con?gured to transmit a signal to the 
controller indicative of a temperature of the one or more 
Zones, and Wherein the controller is con?gured to increase 
the fan speed to maintain the temperature Within a prede 
termined target temperature band. 

7. The air handling system of claim 6, Wherein the 
controller is con?gured to decrease the fan speed if the 
temperature of the one or more Zones is Within the prede 
termined target temperature band and the fan speed is higher 
than a predetermined minimum fan speed value. 

8. The air handling system of claim 1, further comprising 
at least one neutral air damper associated With the one or 
more Zones. 

9. The air handling system of claim 1, further comprising 
a cold deck positioned upstream of the cold air damper, and 
Wherein the controller is con?gured to modulate the tem 
perature of the cold deck based at least partially on the fan 
speed and the position of the cold air damper. 

10. The air handling system of claim 1, further comprising 
a hot deck positioned upstream of the hot air damper, and 
Wherein the controller is con?gured to modulate the tem 
perature of the hot deck based at least partially on the fan 
speed and the position of the cold air damper. 

11. Amethod of supplying one or more Zones With air?oW, 
the method comprising: 

generating air?oW With a variable speed fan; 

routing the generated air?oW to a cold air pathWay and a 
hot air pathWay, the cold air pathWay including a cold 
air damper movable betWeen an approximately fully 
open position and an approximately fully closed posi 
tion, the hot air pathWay including a hot air damper 
movable betWeen an open position and a closed posi 
tion; and 

modulating the speed of the fan to maintain the cold air 
damper in one of the approximately fully open position 
and the approximately fully closed position. 
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12. The method of claim 11, further comprising cooling 
air in the cold air pathWay With a cold air deck and heating 
air in the hot air pathWay With a hot air deck. 

13. The method of claim 12, further comprising mixing 
neutral air With the cold air from the cold air pathWay and 
hot air from the hot air pathWay. 

14. The method of claim 12, further comprising control 
ling the relative humidity of the one or more Zones by 
altering the temperature of the cold air deck. 

15. The method of claim 11, further comprising increasing 
the fan speed When the cold air damper is in the approxi 
mately fully open position or the approximately fully closed 
position. 

16. The method of claim 11, further comprising decreas 
ing the fan speed When the cold air damper is positioned 
betWeen the approximately fully open position and the 
approximately fully closed position and the fan speed is 
greater than a predetermined minimum fan speed. 

17. An air handling system con?gured to supply air?oW to 
one or more Zones, each Zone having an associated cold air 

damper and an associated hot air damper, the air handling 
system comprising: 

a variable speed drive con?gured to turn a fan to generate 
the air?oW for the one or more Zones; and 

a controller con?gured to modulate the speed at Which the 
variable speed drive turns the fan based at least par 
tially on a temperature of the one or more Zones, and 
further con?gured to maintain the cold air damper in an 
approximately fully open position or an approximately 
fully closed position. 

18. The air handling system of claim 17, Wherein the 
controller is con?gured to increase the speed at Which the 
variable speed drive turns the fan When the temperature of 
the one or more Zones is outside a predetermined tempera 
ture range. 

19. The air handling system of claim 18, Wherein the 
controller is con?gured to decrease the speed at Which the 
variable speed drive turns the fan When the temperature of 
the one or more Zones is Within a predetermined temperature 
range and the fan is turning at a greater speed than a 
predetermined minimum fan speed. 

20. The air handling system of claim 17, Wherein each 
Zone includes a neutral air damper and the controller is 
con?gured to adjust the speed at Which the variable speed 
drive turns the fan based at least partially on the position of 
the neutral air damper. 


