VAR ABLE Al R VOLUME CONTROL SYSTEM  Background of the Inventi off0*Fkits
invention relates to controlling the novenent of conditioned air t6¢

i ndi vi dual zones of a variable air. volung system In particular, this
invention relates to the control of a fan which noves the conditioned air

t hrough the ducts of a wmgﬁl@@@gﬂmL§Y§%ﬁ” supply fan
within a variable air vol'unme system herelnaiter reierred to as a "VAV
systenl noves conditi.oned air down a supply duct to individual zones which
are to be h t?(d or 45 IeId by. the conditioned air. In order to nove the air
to these zomggﬁwﬂéﬁﬂwst generate sufficient pressure in the
supply duct to overcone frictional |osses experienced in noving the air to
the zones. These frictional |osses will vary depending on the |evel of

demand for cDhislinventenireldtes t gontnelling thevmakgnientafimonditionghaie tsimdividusht
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prem sed on the fan produci ng enough pressure in the supply duct to neet

t he maxi mum volumeisysern. air fl ow requirenents of the respective zones. The
thus established fan discharge pressure requirenent is generally known as a
"static pressure set point" for the VAV system Thi's static pressure set

poi nt may beThesid sipply fadrwittiif haaeisble aig Nblufe sySems Reethafter referred to as a
_.“VAV system” moves conditioned air down a supply duct to individual zones which
are to be heated or cooled by the conditioned air. In order to move the air to these
zones, the silpply fan must generate sufficient pressure in the supply duct to overcome
frictional losses experienced in moving the air to the zones. These frictional losses
will vary depending on the level of demand for conditioned air by the individual

zZones.

To ensure that sufficient pressure is available at all times, a maximum fan discharge
pressure requiremént is typically established for the supply fan of a variable air |
volume system. This fan discharge pressure requirement is premised on the fan
prbducing enough-pressure in the supply duct to meet the maximum individual air
flow requirements of the respective zones. The thus established fan discharge
pressure requirement is generally known.as a “static pressure set point” for the VAV
system. This static pressure set point may be used to, for instance, control the speed
of the supply fan. In this regard, a controller for the fan typically requires a variable
speed fan motor to either speed up or slow down so as to meet the static pressure set

point. It is to be understood that other types of fan control may also be used to meet

the required static pressure setpoint.

~ It is to be appreciated that the supply fan need not always be required to generate the
fan discharge pressure defined by the aforementioned static pressure set point. In this
regard, there are many air flow or load conditions within the individual zones that do

* not require maximum air flow. When this occurs, the dampers within the VAV



of. the 'supply fan. In this regard, a controller for the fan typically
requires a variable speed fan nmotor to either speed up or slow down so as
to neet the static pressure set point. Ity is to be understood that other
types of fan control nmay al so be used to neet the required static pressure
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the efficiency of the VAV system It is therefore to be appreci { at
under any coAdFXqesTiveamevntof pressure whichemdust e offiset byyolesing danipers trordédtb be

suppl yi ng anreglé(régg%ia\{reﬂd%gg&%égs&e& essure which nmust be offset by closing

danpers in or re 8% %0 the respective zones. It is an
obj ect of the invention to provide a fan control for a VAV system which
does not always. require that discharge duct pressure be maintained at an
artificiallyl%is amobiegt ofthe inventigntopeevidea fan control for a VAV system which does

not always require that discharge duct pressure be maintained at an artiﬁciélly high
static pressure set point.

1t is another object of the invention to provide a fan control which can adjusf the fan

discharge pressure to an appropriate level dictated by any load condition of the VAV
system. '

Summary of the Invention

The above and other objects are achieved by providing a control for a VAV system
that periodically checks the position of each damper regulating the supply of
conditioned air from a supply duct to a respective zone being heated or cooled. The -
information collected from checking all dampers is used to compute an offset to a set
point value for the static pressure in the supply duct upstream of the dampers. If all
damper are open less than a predetermined minimum amount, then the computation of
an offset is triggered. This computation results in the present offset being increased
by a predetermined incremental amount. If any damper is, on the other hand, open by
more than a predetermined maximum amount, then a different computation of a new
offset value is triggered. This latter computation results in the present offset being

decreased by a predetermined amount, whiéh may differ from the predetermined

incremental amount used in the first computation.



It i s another object of the invention to provide a fan control which can
adj ust, the fan di scharge pressure to an appropriate |evel dictated by any

| oad condition of the VAV system Sunmary of the Invention The above
and ot her objects are achieved by providing a control for a VAV systemt hat
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system controft controllers of the respective danpers.
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description in conjunction with the accompanying drawings, in which

Figure 1 is an overall diagram of a variable air volume system having a plurality of

dampers providing conditioned air to respective zones to be heated or cooled;

Figure 2 illustrates a process executed by a system controller within the variable air
volume system of Figure 1 which collects damper position information from the zone
controllers associated with the dampers and computes a static pressure offset value;

and

Figure 3 illustrates a process executed by a fan controller within the VAV system of

Figuré 1, which controls the supply fan in response to static pressure offset values

communicated thereto from the system controller.

Description of the Prefefred Embodiment

Referring to Figure 1, air returning from v_arious zones via a return duct 10 is drawn
into a fan 12. The fan 12 is operative to distribute the received air over a heat
exchange element 14, which either heats or cools the air passing thereover. It is to be
appreciated that the volume of air passing over the heat exchange coil per unit of time

will depend on the speed of the fan 12. This in turn establishes a static air pressure



f.an controller thereafter controls a fan supplying air to the supply duct
of" the VAV systemin a manner so as to thereby conply with the newy

defined supply duct static pressure set 4oint. Bri ef Description of. the
Dr awi ngs QG her objects and advantages of the invention will be apparent
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drawi ngs, in which Fi gure i's an overall diagramof a variable air
vol unme systéﬁnmmﬁdd)}’eam‘ﬁweﬁsen;ordﬂ darrpers provi ding conditioned air to
respective zones to be heated or cool ed; Figure 2 illustrates a process

executed by a systemcontroller within the vari abl e air vol une system of

Figure 1 \Ahirﬁ@ai@aidv%aéwﬁmgpmbi 166 Va&‘baé PRhéPdudts, 86K £207 29 @nd
controllers associated with t danmpers and conputes a static pressure

e

of f set val ud4. Bampersr6gd$ and30 withit thesedwanchshigtssontrebibe fowdfispnditipned
controller wthin the VAV system contr t ly fan
in res ponse\{a\i’% 'gc[sg?qtlg ¢ 5?%? ?oé”%‘?‘f‘ggﬁﬂ%%rﬁ%ci‘ %%PS&?‘& fts’l%’ljlt%ﬁll‘é%gmyt he
system cont eéntrdiithe tenipefairePwithin tRé rdspéetive biis s dnddildaiigtBOpositidifddT ring to -

Figure 1, air returning fromvarious zones via a return duct 10 is drawn "
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that any damper which is substantially closed so as to severely limit air flow to a zone

will produce a substantial pressure drop across the dampers 26, 28 ahd 30.

A system controller 44 receives damper position information from the respective zone
controls 32, 34 and 36. As will be explained in detail hereinafter, the system
controller is operativé to compute a static pressure offset value based on the damper
position information received from the respective zone controls. This static pressure
offset value is provided to a fan control 46. As will be explained in detail hereinafter,
fan control 46 is operative to adjust a static pressure set point either upwardly or
downwardly depending on'thé static pressure offset value communicated from the
system controller 44. The thus adjusted static pressure set point is used to control the
speed of the fan 12 through a variable speed fan motor 48 so as to thereby either

- increase or decrease the static pressure in the duct 16 downstream of the heat
exchange element 14. The static pressure is either increased or decreased in the
supply duct 16 until such time as the sensed static pressure by pressure sensor 18
equals the controlling static pressure set point established in the fan control 46 as a

result of any receipt of a static pressure offset value from the system controller 44.

Referﬁng to Figure 2, the process for computing static pressure offset values within
the system controller 44 is illustrated. It is to be appreciated that the system controller
preferably includes a programmable computer which can execute the process of -
Figure 2. The process begins with Settipg_ a static pressure offset variable equal to
zero in a step 50. The syétém controller proéeeds in a step 52 to read the status of the

fan 12 from the fan controller 46. The fan controller 46 will indicate the status of the



appreci ated that the volune of air passing over the heat exchange coil per
unit of time will depend on the speed.of the fan 12. This in turn
establishes a static air pressure 5 :
4 downstreamof the fan 12 within a supply duct 16. This static pressure
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control to the system controller 44. Each damper position will preferably be read as a -
fractional amount of a completely open damper position. In other words, if a damper
is completely open so as to not oppose air flow in a branch duct, then the fractional
amount of damper position would be one hundred pefcent_. On the other hand, if the
damper were closed so as to completély shut down air flow, then the fractional
amount of open damper position: would be zero percent. It is highly unlikely that any
damper will be at either of these extremes.
Ref;rring now to'step 64, the system controller inquires as to whether the read damper
position from step 62 is greater than the current value of the variable DAMPER _
POS. It will be recalled that the variable DAMPER _ POS was initially set equal to
zero in step 58. The system controiler will hence initially proceed to step 66 and set
the variable DAMPER_ POS equal to the read damper position from the presently
addressed zone control “i”. The processor proceeds from step 66 to step 68 and
inquires whether the address index “i” equals N. It is to be appreciated that the value
of N will be the total number of zone controls within the particular VAV system that
~ are to be addressed and queriéd as far as damper position value. In the eveht that the

“i,'

address index “i” does not equal N, the sYstem controller will proceed to step 70 and
~ increment the address index “i” before returning to step 62 wherein the zone control |

identified by the present address index is addressed and thereafter read for darhper



I ncrease. or decrease the static pressure in the duct 16 downstream of the
heat exchange el enent 14. The static pressure is either increased or
decreased in the supply duct 16 until such tine as the sensed static
pressure by pressure sensor 18 equals the controlling static pressure set
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execute the g ocess of Figure 2. The process begins with setting a static
pressure of fSet variable equal to zero in a step 50. The systemcontroller
proceeds in a step 52 to read the status of the fan 12 fromthe fan

controller 46. The fan controller 46 will indicate the status of the
5 fan by noltihp barpprrsiatedihat atsome point igtime ald aomecomirplsiwilliiavg betrerehdn 12.
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to one. The thisvaiubieorlt isab be apprexiateftign desimiditutn sdlePwlR et the RSt dgek
danper position fromthe zone control_ having the address index "i". "This

can be is acEef{itn of yhe dampersinthe ¥ ANOSYSIRRLt he address corresponding to
the current address index value in an address | ookup table and thereafter

addressing the particular zone control having the thus noted address. The

read i nstructisdums beentprevipasly notetl Ahe saldesssfiiathpeopssitivreadby the system

controller will be uniformly expressed as fractional positions of completely open

dampers. If the minimum value established in step 72 is for instance 50% of a
completely open damper position, then any value of the variable DAMPER_ POS that
is less than 50% would prompt the system controller to proceed to a sfep 74 wherein a
value of static pressure offset is computed. The value thus computed..is equal to the
current value of static pressure offset plus an incremental value of pressure noted as
Ap;. This value of pressure may be, for instance, a fixed value chosen so as to
normally produce a relatively small decrease in static pressure within the normal
range of static pressure likely to be experienced By the particular VAV system.
Alternatively, this value could be actively computed as a function of the difference
between the minimum allowed damper position set forth in step 72 and the actually
stored damper position in DAMPER_ POS. For instance, if the minimum allowed

| dampér position and the actual stored damper position were expressed as a percentage

of an open damper, then the computation could be:

Ap, = {(Allowed Minimum -DAMPER _POS) / 100} * {(Design Staﬁc Pressure Setpoint) / 2}

Referring back to step-72, in the event that the value of the variable DAMPER _ POS

is not less than the minimum value required for all dampers, then the system



resul t's.in a danper position val ue bei ng comruni cated back fromthe
particul ar zone control to the systemcontroller 44. Each danper position
will preferably be read as a fractional amount of a conpletely open danper.
position. In other words, if a danper is conpletely open so as to not
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value chosen so as to normally produce a relatively small increase in static pressure

within the normal range of static pressure likely to be experienced by the particular
VAY system. Alternatively, this value could be actively computed as a function of
the difference between the maximum allowed damper position set forth in step 76 and
the actually stored damper position in DAMPER_ POS. For instance, if the
maximum allowed po.sition and the actual stored value of damper position were

expressed as a percentage of an open damper, then the computation could be:
Ap, = {(DAMP POS - Maximum Allowed) / 100} * {(Design Static Pressure Segpgint!lZi

Referring now to step 80, it is to be appreciated that the system controller will
implement this step regardless of whether step 74, step 76 or step 78 was previously
executed. The current value of the static pressure offset variable will be compared in
step 80 with the maximum allowable value permitted for this variable. This value may
be, for instance, set at a percentage of the design static pressure set point such as fifty
percent (50%). This value will have been initially entered into the system controller.

so that it is available for use by the system controller when executing step 80.

In the event that the maximum allowable value for static pressure offset has been
exceeded, then the system controller will proceed to a step 82 and set the value of

static pressure offset equal to the maximum allowable offset value. The system



66.; ‘It is to be appreciated that at sone point in tinme all zone controls
wi'll have been read and the | argest danper position read fromany of the

addressed zone controls will have been sgored as the present value of the
vari abl.e DAMPER_PCS. The systemcontroller will proceed to a step 72 and
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of the difference between the m ni num all owed "danper position set forth in
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' position is noted to be above the maximum allowable open damper position. The

particular value of the static pressure offset that has been thus computed will be sent

to the fan controller by merely addressing the fan controller and thereafter

transmitting this value thereto. The systém controller proceeds from step 88 to

implement a delay of At in a step 90. The system controller will thereafter loop back

to step 52 and read the status of the fan 12 from fan control 46.

It is to be appreciated that the delay of At between subsequent readings of the fan
control 46 appears in both step 56 and step 90. Each of these steps preferably |
includes the same time delay. This time delay must be sufficient so as to allow the
fan control 46 to react to whatever static pressure offset has been communicated to it
in a step 88. This minimum delay time is one minute in a particular preferred

.embodiment. _

Referring now to the process e%écutable by the fan control 46 as illustrated in Figure
3. Itis to be appreciated that this ﬁrocess is preferably executable by a programmed
computer within the fan control. This process begins with a step 98 wherein certain
values are assigned to variables used within this process. In particular, a variable
“SPO” is set équal to zero. As will be explained in detail hereinafter, this variable

will contain any communicated value of static pressure offset from the system



Referring back to step 72, in the event that the value of the variable
DAMPER_ PCS is not |ess than the mninmumvalue required for all danpers,
then the system - 7

controtler will proceed to a step 76. Re?erring to step 76, the system
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between successive readings of static pressure offset.

The fan control proceeds from step 100 to a step 102 and inquires as to whether a
static pressure offset value has been received from the system controller 44. It will be
rememberéd that the system controller 44 periodi_cally transmits values of static
pressure offset during execution of the process described in Figure 2. When this
communication is received by the fan control 46, it is held in a buffer storage pending
execution of step 102. Assuming that a static pressure offset value has not been
received from the system controller, the fan control will proceed from step 102 along
a no path to step 104 and inquire as to whether the read timer is greater than or equal
to the maximum value allowed for this timer. Since the read timer will initially be set
equal to this maximum value in step 100, the fan control will proceed to a step. 106
and set a controlling static pressure setpoint variable, CSP_ SPT equal to DSP_ SPT.
As will be explained hereinafter, the variable CSP_ SPT is the actual static pressure
setpoint value t_h';\t will be used to control the fan 12. The fan control in step 106
merely sets this controlling'static pressure setpoint equal to the present value of the
design static pressure setpoint DSP_ SPT that was assigned in step 98. The fan
control proceeds from step 106 to step 108 and stops the read timer.



Referring now to step 80, it is to be appreciated that the system
controller wll inplenment this step regardl ess of whether step 74, step 76
or step 78 was previously executed. The,current value of the static
pressure offset variable will be conpared in step 80 with the maxi num

al I owabl e value permtted for this variable. This value may be, for

I nstance, set at a percentage of the design static pressure set point such
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controlling static pressure setpoint CSP_SPT ina step 116. Specifically, the
comparison is made as to whether the sensed static pressure from sensor 18 is greater
than the value of CSP_ SPT. In the event that the answer is yes, the fan control will
proceed to decrease the fan motor speed that is to be commanded of the variable speed
fan motor 48 in a step 118. The incremental change in the commanded fan motor
speed will preferably produce only a slight change in the current fan motor speed.
This small incremental change should produce a relatively fine control gradient for the
fan 12 while still achieving a typically experienced controlling setpoint within a
reasonable period of time. The fan control will proceed to implement a small delay in
a step 120, which is preferably no more than the time necessary for the fan motor 12
to respond to the commanded change in the fan motor speed. It is to be appreciated
that this will be significantly less than the At period of time during which the fan
control may adjust the fan motor speed several times to achieve a given value of
controlling static pressure setpoint. The fan control will proceed after implementing
the delay of step 120 to return to step 112 wherein the fan timer is again checked for =~
having exceeded the maximum allowable time for this particular timer. As hasbeen
previously noted, this allowable time.for the fan timer is approkimately equal to the
- period between successive computations of static pressure offset. This maximum
allowable time is preferably one minute. This will allow many.différent iterations of

steps 114 through 120 before this allowable maximum period of time has elapsed.



accept:ahl e open danper position. It -is also to be appreciated that the
static pressure offset may be a downwardly adjusted value in the event that
at |l east one danper position is noted tojbe above the nmaxi num al | owabl e
open danper position. The particul ar value of the static pressure offset

t hat has been thus conputed wll be sent to the fan controller by nerely
addressing the fan controller and thereafter transmtting this val ue

t her et 0. TheReéf¢fringagainth siepl 186, rthe &t thht hesedsed sfic F&ssufs isoioe preaterdel ay
of At in a step 90. The systemcontroller will thereafter |oop back to step
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9 controller 44. Another vtarl.abl % identdfled as "DSP SPT". s&t equal to
an assi gned until suc txme as the fan timer has exceeded its maximum allowable t1me o

sensed static pressure is equal to the controlling static pressure setpoint. In either
case, the fan control proceeds back to step 102 wherein inquiry is again made as to

whether a static pressure offset value has been received from the system controller 44.

As has been previously noted, the fan timér should time out at approximately the same
time that the system controller 44 has executed the process of Figure 2 and transmitted
a value of static pressure offset to the fan control 46. This static pressure offset value
should be noted by the fan control in step 102 prompting the fan control to proceed to
a step 126 wherein the variable SPO is set equal to the received static pressure offset
value from the system controller 44. The fan control now proceeds to step 128 and
initializes the read timer. As has been previously noted, this timer defines the amount
of time between successive readings of a communicated value of static pressure offset

from the system controller 44.

The fan control now proceeds to a step 130 wherein a value of the controlling static
pressure setpoint is computed. In this regard, CSP_ SPT is set equal to the value of
DSP_ SPT minus the value of SPO. This particular formula is seen to adjust the
design static pressure setpoint downwardly by the communicated static pressure offset
value from the system controller 44. Inquiry is now made in a step 132 as to whether
the thus calculated value of controlling static pressure setpoint is less than zero. Itis

~ to be appreciated that this value should not be less than zero due to the limiting of any



val ye -for this variable. The assigned value for this variable is preferably
the static pressure downstreamof the fan 12 in the supply duct 16 that is
necessary to nove a sufficient volune of,air down the supply duct at a rate
that wi.ll ensure that all zones will neet their individual maximumair flow
requirements, It i,s 10 be appreciated that this.value js conputed '
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roceed to a step. ,106 and, set a.controlling static_pressure setpoint
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control will proceed to step 110 from either step 134, 136 or 138.

Referring to step 110, the fan timer is again initialized before proceeding to step 112
to inquire as to whether the fan timer has exceeded the maximum allowable value .for

~ controlling the fan motor to the particular established value of controlling static
pressure setpoint. The fan control will now proceed to step 114 and read the static
pressure from the sensor 18 before inquiring as to whether the sensed static pressﬁre is
either greater than the controlling static pressure setpoint in step 116 or is less than the
controlling static pressure setpoint in step 122. In the event that the sensed static -
pressure is greater than the controlling static pressure setpoint, the fan control will
proceed to decrease the speed of the variable speed fan motor 48 in step 118. In the
event that the sensed static pressure is less than thef éontrolling static pressure setpoint, =
then the fan control will increase the fan motor speed by a predetermined incremental
amount. It is to be appreciated that if the speed of the variable speed motor is

dt;creased in step 118, then the resulting volume rate of air produced by the fan 12



control .proceeds fromstep 106 to step 108 and stops the read timer.

10 The fan control proceeds fromstep 108 to a step 110 and initializes
a fan timer to zero. This particular tingr will define the allowable tine
during.which the fan control 46 may control the fan notor 48 and hence the

fan 12 to-a rdic r _establ.ished val ue. of ntrolling,stati essure
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At anount ofsefPpit t hat nust occur between successive static pressure offset
conput ations perfornmed by the systemcontroller. This will.normally assure
that each conputed static pressure offset is received by the fan control
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smal |l delay 1n a step 120, Ich is preferably no re than the trne

necessary f obringthesensedwstatic piedsure into equilibrium with the controlling static pressure
setpoint. At this time, the fan control will pfoceed from step 122 back to step 102. In
the event that the fan speed is not however incremented sufficiently to cause the
sensed static pressure to equal the controlling static pressure setpoint during the

“allowable time for the fan timer, then the fan control will proceed from step 112 back

to step 102. In either event, the fan control will look for a new communicated static
pressure offset value from the system controllef 44. As has been previously noted,
this particular value of static pressure offset will be used to compute a new controlling |
static pressure setpoint value in step 130 before checking whether this value is
appropriately within range stipulated in steps 132 through 138. The fan control
proceeds from this checking to again control the variable speed fan motor 48 s0 as to

increase or decrease the fan motor speed as has been previously discussed.

Referring to step 102, it is to be noted that if a static pressure offset value has not been
received during the timing out of the fan timer or following achievement of the
current controlling static pressure setpoint, then the fan control will proceed to step
104 to inquire as to whether the read timer has reached the maximum value. As long
as this maximum value has not been exceeded, the fan control will proceed to step 130
and simply again perform the computation of controlling static pressure setpoint as

has been previously described. It is to be noted, however, that if a static pressure



too respend to the commanded change in the fan notor speed. It is to be
appreciated that this will be significantly less than the At period of tine
during which the fan control may adjust jyhe fan notor speed several tines
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period of t istaticipeessweapipoitt as has been herefofbre descipedigai n to step 116, in the

event that the sensed static pressure is not greater than the controlling
static pressure setpoint, then the fan control will proceed to a step 122
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controlling static pressure setpoint. In either case, the fan control
proceeds bacthefan E2. s alsp tovhe appreciated that ¢ combingtiomoioaitrohef intet guide

veins and fan motor speed could also be implemented so as to thereby define various

static pressure downstream of the fan 12. This resulting static pressure would be

sensed by the sensor 18 and compared to a controlling setpoint as established in

accordance with the process executed by the system controller 44.



whet her .a static pressure offset val ue has been received fro

controller 44. As has been previously noted, the fan ti mrmﬂﬂillﬂ““mmml'
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executed the process of Figure 2 and transmtted a value of static pressure
offset to th 2t 1L TR Y. 46. This static pressure offset value should be
noted by the fan control in step 102 pronpting the fan control to proceed
to a step 126 wherein the variable SPOis set equal to the received static
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sensing the static pressure in the supply duct at a point upstream of the

-

outlets formed in the supply duct;

comparing the sensed static pressure in the supply duct to the
controlling static pressure setpoint; and

adjusting the pressure in the supply duct depending on the comparison

of the sensed static pressure to the controlling static pressure setpoint.

2. The process of claim 1 wherein said step of computing an offset
to the defined setpoint for the static pressure comprises the stef:s of
noting which of the dampers in the branch ducts is the most open
damper;
- comparing.the position of the most open damper with a minimum open |
position that is to be allowed for this damper; and
increasing the offset when the position of the most open damper is less -

than the minimum that is to be allowed for this damper.

3. The process of claim 2 wherein said step of computing an offset
to the defined setpoint for the static pressure further comprises:
comparing the position of the most open damper with a maximum open

- position that is to be allowed for this damper;
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set poi nt. Tha?llo‘vmd fooall simhilaniyl situatedv dampesed other btaaph c’hmts gontrmiag thet fiow sf at i ¢
pressure from ensordeS before jnquirin 0. Whet her thg sensg

static press¥HF 0{!15 SEPRly dpetdafespeqtiyg songsas With stehs brapeh dugts; ag
setpoint in step 116 Oincke%singﬁﬁeé\ﬁféﬂtéf?&t%%ﬂﬁ oktdn Sl BdthCoRhE AR ©

setpoint in step 122. In the event that the sensed static pressure is
great er t hanopemedamper isdless than theaninimym epeudampse ppsition that sgobarllowed farl wi | |

proceed to degr.ease the speed of .the var ble speed fan notor 48 in step
118. In the g@ faﬁ;{ ?tﬁg%?élﬁgréﬂfl P‘étgsure is less than the
controlling static pressure setpoint, then the fan control wll increase

the fan notor speed by a predeterm ned i ncremental anount. It is to be
appreciated that if thé. spe&&emoopsseof\ﬂémmalbwherslp@emlsﬁmqfrconmutmgenp&a@ed in

step 118, thengbeaeribld fS:etRl iRl Hh@lofbhsl 0duced by the fan 12

noting the positional status of the damper in each branch duct which
governs the flow of air from the supply duct to a zone which is to receive the air ;

comparing the positional status of the most open of such dampers in
the respective branch ducts with a maximum bpen damper position that is to be
allowed for all similarly situated dampers in other brahch ducts governing the flow of
air from the supply duct to respective zones associated with such branch ducts; and

decreasing the current offset when the position of the most open
damper is less thz_m the minimum open damper position for all similarly situated

dampers in the branch ducts.

6. The process of claim 5 wherein the positional status of each
damper is expressed as an amount of a particular damper position whereby each
positional status will have a common basis for comparison to other positional statuses

noted during said step of computing an offset to the defined static pressure setpoint .



13 wll.-drop off thereby causing a | essening of the static pr i mt
duct 16. This should bring the sensed static pressure down tovmﬂmmﬁl“""ml”“l
controlling static pressure setpoint. Referring to step 122, 1 ncthe event +
that the static pressure sensed by the sensor 18 is |l ess than the

controlling static pregsuresg Ldat ' e tq. the

vari abl e speed fan not Z'r m?@ﬁbf&%&ggg%@ﬁ?hfgng%eelc DIFfﬂ?ﬁl?esa%%St t. This is
followed by the short dedckinghlittheshicotnpated offetiewithin' drcicegptatile ralge @ t he
fan 12 to estgblish a new static pressure to be sensed by the static
pressure sen@9tet¥YauEy adey 114, If the sensed static pressure remains bel ow
the controlling static ' - <k ] g.noted in
step 122 pronpting therﬁgﬁﬁggﬁlﬁo lfég%sg}%@ﬁﬂg#@grggﬁﬁaex g{r?@gsg ‘3“1'6?/ t he
sane i ncr emedependingonrwhetier thescanmputer affiet Bdiclomedt dbloaé thetacsepiablaingt of N

time, the fan nt r ol have .i ncreased the speed, of {he variable speed
not or suf fi cpgﬁ‘% Iv§qu§)b$¥Crﬂ°?%Qm§éﬂ§@a step P@“%F&%fi@émtswmmsmri um
with the congdipdihi BigthlcBidptitedlofietlr © setpoint. At this tinme, the fan
control will proceed fromstep 122 back to step 102. In the event that the

fan speed is not however increnmented sufficiently to cause the sensed
static pressure to equal the,controllJ tatic pressure setpoint during
the allowabl e tine for gt he &Qﬁ pchﬁ%sro_,&i]qg‘@ﬁ ¢ elfléhl%é&ﬁli’tqféﬂlqﬁﬁpg ther oceed
fromstep 113rdeaahid Qe sufifly lig&-deb&cﬁﬁé &ﬁme%uﬂgaﬁsohfb?ﬁ%&n&ﬁ%ﬁ'& shle | 00k

for a new communi cated static pressure offset” val ue m the system
control | er 4p thagontzelling statip pressuse somprinss e, stapsiof particul ar val ue of

or essur b setpor nt. val ulbrHisERaRS 5 e BRCR dicuRpehr harcdehadt sasims i s
appr opr i at el wheh tH sensedngRicresBitedt Res than ﬁie%ﬁtrélﬁﬁglkﬁgiﬁggé%s&ég tPJfaﬁ fan

control proceeds fromthis checking to again contro vari abl e Speed fan
notor 48 so as to i ncr dgereasing the speedsef a fan inf the snpply duetdeeripradefined  been

previously di3aHSSEhen the sensed static pressure is greater than the controlling static pressure;

s
ks

and

further comparing the static pressure in the supply duct following said

steps of increasing or decreasing the speed of the fan in the supply duct.

9. A process for controlling thé pressure of conditioned air within
a supply duct of a variable air volume system, said process comprising the steps of:

repetitively sensing the static pressure of the conditioned air within the
supply duct at a location upstream of a plurality of outlets in the supply duct which
provide conditioned air to branch ducts wherein each branch duct has at least one
damper associated therewith for regulating the flow of conditioned air to a zone to be
heated or cooled; | '

repetitively computing a setpoint for the sensed static pressure of the
conditioned air within the supply duct as a function of the positional statuses of the

dampers in the branch; and

adjusting the static pressure in the supply duct to meeting the currently
computed setpoint. |



foll owi ng achi evenent of the current confgolling static pressure getpoiht,?*
then the fan control will proceed to step 104 to inquire as to whet her
the read tinmer has reaghed ' . . ) §. maxi mum
val ue has not been excgd;ded?ﬁ%]rg@%gﬁw%ﬁ?o e\'/ﬁe’?f‘i‘%?tg 85 F%Hg{l%p 130 and
si mpl y agai ncopgting @ stipeint forthié sdnsedstatic pressureadflthe\¢onilititned afirvaidtin ke

set poi nt as has, been previously described. It is to be noted, however,
that if a st%@pgw&%@wr&es the step of:

14 offset value has : | ' ' I ng
controlled the fan no?%tfldlpg eO%gﬁolrn\rﬂ:%%tﬂgc%%F 9%%84 asétsz"offqg%& ;k))‘;r2 g@?ﬁ%@'{}%

set poi nt, t hieranéthdéuctsatdedst ome; Wi | | exceed t he maxi num val ue al | ocat ed
therefor. At such tinme, the fan control wll proceed to step 106 and set
the controlling staticPioFesdingte @WB&W%@“@%W@ ffaus pressrgof the
pressure set i t Piraes

appreciated t gﬁoﬁgﬁg@%gﬁeﬁ%@%ﬁﬁo@ﬁt& e | nverr?%‘llgér’laﬁggagtgenes’s% _
forth. Altertheidampesnd nodi fications thereof may occur without departing
fromthe scope of the invention. For instance, the systemcontroller and
the fan controller could be integrated into one control unit. The fan
control 46 may also copirol Tﬁegfaebgsr&cfahhqbwﬂe?eheaiuafeb%?k%eﬁaea fan not or
48 so as thereby adjust the static pressure within the supply duCt 16. For
i nst ance, t heorhputingmasetpwlintforythe semsdd statie pressuae ofthe denditiomesl aiowithindhst ant
speed fan so asltg tl%‘grrleb% co-ntrz%5 t.he éol ume flow rate of air downstream
of the fan 15"PRL dyct further Comppses e FERPL ed t hat a combi nati on of control -
of inlet guide veins apgub@ip IPre@étemREdsctsuhtOniRinIRe PEsiticHal SERRESSEtRe as to
thereby define various static pressure downstreamof the fan 12. This

resul ting st dampersassosiated withuthg respestivedsanchyducty ndieate that the prexdowsdnpared to

a control |1 g, oet RO 275k A0l SiSd."

Vel e g not “been recel ved during the-timng out of the. o A AN TIIMN

12.  The process of claim 11 wherein said step of repetitively .
computing a setpoint for the sensed static pressure of the conditioned air within the
supply duct further comprises:

computing an offset to the predetermined setpoint when the positional
statuses of the dampers associated with the branch ducts indicate that the previously

computed setpoint needs to be changed.

13.  The process of claim 12 wherein said step of computing an
offset to the predetermined setpoint comprises:

increasing a previously computed offset when the positional statuses of
the dampers associated with the branch ducts are all below a predetermined minimum

allowable open position for each damper.

14, The process of claim 13 wherein said step of computing an

offset to the predetermined setpoint comprises:



accordance wth the process -executed by the systemcontrolle .
What is clained is: 1. A process for conm H“I“;I““}MIII““I '
pressure ‘within a supply duct of a variapje air volune system* said-procéss* -

conprising the steps of defining a setpoint for the statlc
pressure in a supply dyct tream of one ets for

supply duct which pr ovﬁaj?féeag%% a‘tp(fe‘BP‘é%ﬁo‘aﬁ%F‘%gg?Sg&eﬁf@chswé)Pnﬁﬁq?

conmputi ng anofahé afhpére aésdciatt@iviliethe bedneRidaéts irdicatd atitdédsCondy @ﬁﬁp&% in the

supply duct as a functlon of. the positional status of danpers |ocated in
one or nore eFentmArelanpredeierained allowable open maxigumpositiey foneach dpmpery

setpoint for the static pressure in the supply duct by the.conputed offset
so as to thereby generate a controlling static pressure setpoint;

sensing the static pregsur eAjdmntrst;stmpfdxcdmdui@gthapmhmotﬂpsﬁdi&@iedcaﬁrthe
outlets formed in the sup E{dUt nparing the sensed
‘static pressWiHBIN 3supply dmgg 3 veriable aipvelpme sysemotaid ‘Plet@ﬂ- Bfsiem gempEsing:

deponding on the compaPPeaar sPeiEvel lelsif BE PRl hRebf: b SURR ﬁ‘ned* i

control I'ing sair&ithén thesapply dustedt @dodation upstream of a plurality of odtlets in 34i€ s
of claim1 wherein said step of conputing an offset to the define

set poi nt f or degtevhighprovides MP@“@B?F})W soe@sneﬁBV%l?réw @cts wherein each
noting whi chypf,f BEctd3SRARS: bile iRfpd 20 hrdiUfilrewith féﬁ}@gﬂaﬁﬁg R Hdw of the

condmoned air to a zone to be heated or cooled; and

computer means operative to repetitively compute a setpoint for the
sensed static pressure of the conditioned air within the supply duct as a function of the
positional statuses of the dampers in the branch ducts whereby the sensed static
pressure in the supply duct may be thereafter compared with the currently computed

setpoint.

16.  The control system of claim 15 wherein said computer means is
operative to read the positional statuses of the dampers in the branch ducts at least
once prior to each repetitive computation of a setpoint for the sensed static pressure of

the conditioned air within the supply duct.

17.  The conti'ol system of claim 16 wherein said computer means is
operative to adjust a predetermined setpoint initially provided to said computer means
as part of any computation of the setpoint for the sensed static pressure in the supply
duct when the positional statuses of the dampers associated with the respective branch

ducts indicate that the previously computed setpoint needs to be changed.

18.  The control system of claim 17 wherein said computer means is
operative to compute an offset to the predetermined setpoint initially provided to said
computer means as part of the computation of the setpoint for the sensed static
pressure in the supply duct when the positional statuses of the dampers associated

with the respective branch ducts indicate that the previously computed setpoint needs



danper; - conparing the position of the nost op
a - ni mum open position that is to be allowed for this darrpe mgnmﬁ“m‘“m}“l“‘

i ncreasing the offset when the position of,ythe nost open danper:i1s | essw s
than the mnimumthat is to be allowed for this danper.

3. The pro el i offset " to

t he -defi ned se E%I%g%?hﬁaéystato?@ﬁbe??gf%aﬁ%ﬁfér&{ egrgggcagb al gtgtge

conparing t he ppaitennedabipbing inivaly mpeided frsait cdmﬁ\heranml mim open

position that is to be allowed for this danper; '
decreasing the offset of the setpoint for the static pressure in the supply
duct when the position qgfg th il Y-T { mum
open position that is tgl be gﬁ%ﬁ?%tﬂﬁﬁgaégngggﬁ%ﬁ%ala%ﬁlph&?n{aﬁ%.
The process ofis operativeltoitnresst a psavichssomputet] offsetpuidnthe positbra statuses dftthe

defined set poi for, the stat ressure in t p uct. co |ses

ot gt he. podRs AR iR branh derdhE A BFiBla okt Aokl BRI A

governs the f';ﬁ‘éitf&f\f&'éacﬁﬂﬁrﬂgéﬂ‘e supply duct to a zone which is to receive
the air; ring the positional status of the nobst open of

such darrpers in the respective branch ducts with a m ni num open danper

position that is to be. owed..for aII S|mlfarl Hated n@grsm ot her
branch ducts governing t4fe f| dRESPREPLSYFtEmQ qlﬁ}é’sfé)}y GrEH 3¢ COMPUEIERTS, o
Zones associ atl@&g&’i‘aﬁ% ' HebreldeA $rBvidti€ dompuddifoffset when the positionAl\E4tERS bPhet he
current offset en the positional status of the nost

dampers in the branch ducts indicate at least one damper is open more than a

predefined maximum allowable open position for each damper.



open damper is |less than the m ni num open danper position that is to be
al-fowed for all simlarly situated danpers in the bfanch ducts.

5. - The process of claim4 wherein saig;step of conputlng an offset to

t he def.ined static pressure setpoint further conpri ses:

noting the positional status of the danper in each branch duct which
governs the flow of air fromthe supply duct to a zone which is to receive

the air; CONPABSTRACTEOPGHE INVENTSON us of the nost open

of - such danpers in the respective branch ducts with a maxi mum open danper
position that is to be allowed for all simlarly situated danpers in other

branch ducts governing %@gsfglm%lg %LﬂMEFéMIﬁYQ@@SM to respective
zones associated with s decreasing the
current offset when the position of the m)st open danper is less than the
m ni mum open .da ositjion for all situated . d ers in the
branch duct o A system o ntrols the pressurg at wh lclr ﬁwééé%t  RIPYidR £ GRRATEPITe: he
positional s (gg & ﬁgﬂm gﬂgﬁ( 3 tﬁlﬁ% { i cul ar
danper posi tlrzgltrlléjsst er eef} %g% posi tiona ?%%gt%g-s%wel PS aveﬁaelggmgl%%gsi S
f or conpari saetpoint &irtthe pressire with allosatian irs®duct system ugstre'angofswhete ahypf the
conputing an of et 1o the defin st,atic pr.gssu oi nt
17 SndifSned e iy, B iAS Uiraoted THe SoPGInt A JomERie i goion:
steps of i ofthe posmonal ﬁitﬁfés'o@aamﬁ&& hmlﬂhe Aty 8EmRhAtT8Eulh thd fidk Bran
accept abl e range of offset val ues; resetting the conputed
of fset to a rtheconditioned awnto ﬁmmsﬁeﬁ:ts‘eﬁtzonas LiEhe actively computed setpoint is

compared with a sensed pressure in the duct system in order to determine whether the

pressure in the duct system needs to be changed.

FIGURE 1-



dependi ng on whet her the conputed offset is below or above the acceptable
range of offset val ues before proceeding to said step of adjusting the
defined static pressure setpoint by the conputed offset.

8. The process of claim 1 wherein saidlébep of adjusting the pressure in
t he supply duct depending on the conparison of the sensed static pressure
to the controlling static pressure conprises the steps of:

increasing the speed of a fan in the supply duct by a predefined anount
when t he sense ssuire is |les§ than the controlling static
pressure set poi decrgqagTmgihe speed of a fan in the
supply duct by|a predefin$doannunt when™ he 3 éns d static presjsure is
greater than the controlliln i ;E%SE <+ further
conparing the gtatic presy in the supp E§ ct |[followi ng s$ai g=g¢t eps of

i ncreasing or dlecreasing t gsgpgvd of the féﬂlin t he suppl éﬂ

9. A process$ for controtttng—the pressure of clonditioned afkgvmthin a
supply duct of [a vari abl i ™Nyol une system said process co8PiEgi ng the
steps of: r ely ®ensing the static pre@@gge of the
conditioned aiff within thg duct \af—a _f;pcatf on upstream a
plurality of outlets in tfecs gﬂy duct AhL§@ provi de conditioned air to
branch ducts mmerein each |bfaneh—duect—has E%I one danper pssoci ated
therewith for fegul ating t of conihﬂi ed [air to a zone| to be heated
or cool ed,; ively c ing [a setpoint for the sensed
static pressur¢ of the cor air wwthin thel supply duct ps a function
of the positional status he danpers in the jpranch; and
adj usting the gtatic pr¢ss he sipply duct fto neeting the currently
conput ed set poi|nt. X
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18 oo 10. The process of claim9 wherein said step of
repetltlvely conmputing a setpoint for the sensed static pressure of t he
conditioned air within the supply duct conprises the step of:

readi ng'the positional statuses of the danper associated with respectlve
branch ducts at | east once; 2 oceeding to conpute a setpoint
for the sensed static pressure of the conditioned air within the supply
duct as a function of the read positional statuses of the danpers.

11. The process of claim 10 wherein said step of repetitively conmputing a
setpoint for the sensed static pressure of the conditioned air within the
supply duct further conprises the step of: adj usting a

pr edet er mi ned set poi nt fwhen the positionalystatuses of the danpers
associated with the regpective brah C e that the previously
conput ed setpoint needg to be changggA ¢ PRESgBRg 12. The process
of claim 11 wherein saild step of r=oetpfr§gTv conputing a setpoint for the

sensed static pressure|of the conditioned gl duct
further conprises: corrputl ng an offset to the ??edet er m ned
set poi nt when the positional s aIU§§§% ggern associated with the
branch ducts indicate that the prev Aé? g%ﬁ;@ getp@i nt needs to be
changed. 13. G@NBROL1 46 m 12 wherein said step

of conputing an offsetl to the predeternl pd set pol nt conpri ses:
i ncreasing a previously conggtedaoffset PN the5aositional statuses of -

DELAY ‘At’
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t he, dahpers associated with the branch ducts are all below a predeterm ned

m ni mum al | owabl-e open position for each danper. 14.
The process of claim13 wherein said step of conputing an offset to the-
pr edet erm ned setpoint conprises: decreasing a

previ ously conmputed of fset when the posi tallonal statuses of the danpers
associated with the branch ducts indicate that at | east one danper is open
nore than a predetermd al | owabl e open npxi mum position for each danper .
15. A control sy te for controlling theypressure of conditioned air

Wi thin a supply du a—variable air vofuge s em said control system
conpri si ng: = sensor fNJI’ DORSIXT i Vel y sensing the static

upstreamof a plurality of outlets in s pply duct which provides the
conditioned air to respective branch ductsywherein each branch duct has at
| east one danper associated therewith for Yegulating the flow of _the
conditioned air to a zone to be ted or ¥ool ed; and

conputer neans operative to repetiti e_a set p0| nt for the sensed
static pressure of the conditiored, ' Yduct as a function
of the Bole onal statuses of o4 ucts Wnereb 7t4he

sensed static pressure in the supply e e 2 A
the currently conputed setpoint. N SENHC PRESS RE OFFSET
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IS Y |

‘DAMPER_POS™> MAXIMUM
t?
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16. . * The*control systemof claim 15 wherein said conputer nmeans is
operatlve to read the positional statuses of the danpers in the branch
ducts at least once prior to each repetitive conputation of a setpoint for
the sensed static pressure:of the comﬁéfoned air within the supply duct.
17. . The control system of claim 16 whe din said conputer neans is
operatlve to adjust a predeterm ned setpoint initially provided to said
conputer means as part of any conputation of the setpoint for the sensed
static pressure in the supply duct when the positional statuses of the
danpers associated with the respectlve branch ducts indicate that the

previously conputed setpoint |iggfs-t@® be changed. 98 18.
The control system of claim] n %Sﬂﬂﬂﬁfﬂ% nmeans is operative to
conpute an offset to the pre:hgﬁﬁgﬁ{ %[fnn'n LBE ally provided to said

conputer means as part of the conputati or of the setpoint for the sensed
static pressure in the supply duct whengthe positional statuses of the

danpers associated wth the respeqyﬂvREp@aﬂHhRducts'ingbﬁate that the
previ ously computed set poi nt neﬂp%, DETERMINED VAL

20 to be. changed whereby the—eenpdggéLgS } eafter used to adjust
the predeterm ned setpoint initially proJided to said conputer neans.

19. The contrg%bsysten10T claim 18 wherei n said conputer neans is

operative to in ase a previous conput ffs qo?hen t he positional
statuses of the danpers in the branch ditaSs bel ow a predefined

al | owabl e m ni nrum open STATIC PRESSURE
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posj ti'on~for each danper.

ducts indicate at |east one danper is oped’%o

n 20. The control system of
claim 18 wherein said conputer neans i s operative to decrease a previous
conput ed of fset when the positional statuses of the danpers in the branch

al I owabl e open position for each danper .
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