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(57) ABSTRACT 

Systems and method for controlling the flow of air through 
a mechanical draft system are disclosed herein. A pressure 
controller for controlling air pressure comprises an appli 
ance controller configured to control the operation of a 
plurality of appliances, an intake fan controller configured to 
control the speed of an intake fan, and an exhaust fan 
controller configured to control the speed of an exhaust fan. 
The pressure controller also includes a processor configured 
to receive a differential pressure signal and to control the 
operation of the appliances, the speed of the intake fan, and 
the speed of the exhaust fan in response to the differential 
pressure signal. 
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PRESSURE CONTROLLER FOR AMECHANICAL 
DRAFT SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation-in-part applica 
tion of co-pending U.S. patent application Ser. No. 10/712, 
516, filed Nov. 13, 2003, and entitled “Pressure Controller 
for a Mechanical Draft System,” which claims the benefit of 
U.S. provisional application No. 60/453,086, filed on Mar. 6, 
2003, and entitled “Systems and Methods Involving Modu 
lating Pressure Controls, both of which are incorporated by 
reference in their entirety into the present disclosure. 

TECHNICAL FIELD 

0002 The present disclosure generally relates to exhaust 
systems or mechanical draft systems. More particularly, the 
disclosure relates to controllers for exhaust systems or 
mechanical draft systems. 

DESCRIPTION OF THE RELATED ART 

0003. The boiler rooms, or mechanical rooms, of a build 
ing can house a number of combustion appliances, such as 
water heaters, furnaces, and boilers, which are used for 
heating purposes within the building. Within conventional 
mechanical rooms, many control devices are used for con 
trolling the different components therein. For example, each 
individual furnace or boiler may be connected to a respec 
tive control device that controls the flow of combustion air 
and exhaust air through that furnace alone. The control 
device may also effect a furnace shut down procedure during 
unstable conditions. Mechanical rooms can also house one 
or more control devices for controlling a ventilating blower 
and one or more control devices for controlling an induction 
draft blower. With the large number of control devices in the 
mechanical room providing various functions, coordination 
among the various controllers can be quite complex. Fur 
thermore, in this regard, components and functions can be 
unnecessarily duplicated. 

0004. It has been contemplated to coordinate the control 
of the ventilating blower and induction draft blower to 
regulate the airflow through the mechanical room. However, 
until now, greater processor functionality has yet to be 
achieved for simplifying the installation and control of 
mechanical draft systems. 
0005. During installation of a conventional mechanical 
draft system, very little feedback is provided to the installers 
to indicate whether or not the components are properly 
connected in the system. Because of this deficiency, cor 
recting any problems after installation becomes much more 
difficult. It would be beneficial to the installers to receive 
positive feedback to determine whether or not corrections 
should be made during installation. 
0006. One concern that has been identified regarding 
conventional mechanical draft systems is their lack of intel 
ligent processing functionality for controlling furnaces or 
boilers during less than optimal conditions. In those systems, 
furnaces or boilers are typically shut down and prevented 
from operating until an error or problem in the system is 
corrected. This all-or-nothing approach can result in a num 
ber of machines sitting idly during times of great need. 
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Therefore, a void exists in the prior art for allowing a system 
to operate in a low output state during less than optimal 
conditions and to operate in Such conditions without com 
promising safety and efficiency. 

0007 Conventional mechanical draft systems may also 
present challenging installation and/or reconfiguration sce 
narios. For example, some mechanical rooms may be large, 
requiring long distances of cabling be run between a con 
troller and related equipment such as, but not limited to, the 
appliances, sensors, actuators, etc. Additionally, such sys 
tems may be installed after a mechanical room has already 
been in operation for a number of years. Thus, physical 
obstructions may exist requiring cabling between the con 
troller and related equipment be run for even longer dis 
tances or in inconvenient locations. Additionally, as system 
objectives and/or demands change, appliances and/or related 
equipment may be added to the system, requiring additional 
cabling. Therefore a need exists for a system having 
improved installation and/or reconfiguration requirements to 
allow for the communication between the controller and 
related equipment without the need for running long dis 
tances of wire between the two. 

0008 Another concern with conventional mechanical 
draft systems is the lack of remote access to the pressure 
controller. Specifically, conventional controllers are located 
in areas that are easily accessible by Support staff Such that 
the controllers may be physically accessed for the purpose of 
programming and troubleshooting. However, a need exists 
for providing remote connectivity to the controller of a 
mechanical draft system such that the controllers may be 
installed in a location without regard to continuous physical 
access. Such remote connectivity may also enable a number 
of troubleshooting and notification capabilities not previ 
ously provided by stand-alone mechanical draft systems. 
0009. Yet another problem not addressed by conventional 
mechanical draft systems is the lack of programmable 
appliance sequencing. For example, conventional draft sys 
tems are not programmable to prioritize the use of specific 
appliances to meet a demand based on predefined, and 
programmable, conditions. 

SUMMARY 

0010 Methods and systems for controlling the flow of air 
through a mechanical draft system are disclosed. One 
embodiment of a mechanical draft system includes a pres 
Sure controller having a wireless interface for communicat 
ing to at least one pressure sensor, a plurality of exhaust 
producing appliances, and an exhaust fan. The pressure 
controller is configured to: control the speed of the exhaust 
fan to draw air from an exhaust duct of each of the 
appliances in response to a pressure reading provided by the 
at least one pressure sensor, and control the operation of 
each of the plurality of appliances, the operation providing 
programmable sequenced operation. The mechanical draft 
system also includes an auxiliary computing device in 
communication with the pressure controller. 
0011) Another embodiment of a mechanical draft system 
includes a pressure controller for controlling the flow of air 
through an exhaust duct, the pressure controller comprising 
a processor configured to control the operation of a plurality 
of appliances, the speed of an intake fan, and the speed of an 
exhaust fan in response to a differential pressure signal. 
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0012 Yet another embodiment is directed to a method for 
controlling the operation of a plurality of combustion appli 
ances, the combustion appliances capable of being indepen 
dently operated to meet an exhaust system objective. The 
method includes receiving a signal from a remote device and 
determining that less than each of the plurality of combus 
tion appliances are required to meet the system objective 
based on the signal. The method further includes identifying 
at least one of the plurality of combustion appliances to be 
operated to meet the system objective and activating the 
identified at least one combustion appliance. The method 
further includes 

0013 adjusting the flow of exhaust drawn from ducts 
connected to each of the activated appliances by controlling 
the rotational speed of an exhaust fan. 
0014) Another embodiment of a mechanical draft system 
includes a controller for controlling the flow of air through 
an exhaust duct. The controller includes a processor con 
figured to control the operation of a plurality of appliances 
and a modulation of a damper position in response to a 
measurement of the amount of oxygen in the air in the 
exhaust duct. 

0015. Other systems, methods, features, and advantages 
of the present disclosure will be apparent to one having skill 
in the art upon examination of the following drawings and 
detailed description. It is intended that all such additional 
systems, methods, features, and advantages be included 
within this description and protected by the accompanying 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 Many aspects of the embodiments disclosed herein 
can be better understood with reference to the following 
drawings. The components in the drawings are not neces 
sarily to scale, emphasis instead being placed upon clearly 
illustrating the principles of the present disclosure. Like 
reference numerals designate corresponding parts through 
out the several views. 

0017 FIG. 1 is a partial block diagram illustrating an 
embodiment of a mechanical draft system. 
0018 FIG. 2A is a block diagram of an embodiment of 
the pressure and combustion controller shown in FIG. 1. 
0.019 FIG. 2B depicts a block diagram of an exemplary 
auxiliary computing device capable of providing a number 
of Supplemental services to the pressure and combustion 
controller of FIG. 2A. 

0020 FIGS. 3A and 3B are front and bottom views 
illustrating an embodiment of a housing for a pressure and 
combustion controller. 

0021 FIG. 4 is a flow chart of an embodiment of a set-up 
routine for a mechanical draft system. 
0022 FIG. 5 is a flow chart of an embodiment of a 
fan-rotation-check routine for a mechanical draft system. 
0023 FIG. 6 is a flow chart of an embodiment of a routine 
for monitoring and controlling air pressure in a mechanical 
draft system. 

0024 FIG. 7 is a flow chart of an embodiment of a 
priority Sub-routine for a mechanical draft system. 
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0025 FIG. 8 is a flow chart of an embodiment of a routine 
for running a bearing cycle in a mechanical draft system. 
0026 FIG. 9 is a flow chart of an embodiment of a routine 
for sequencing a number of appliances using a mechanical 
draft system. 

DETAILED DESCRIPTION 

0027 Disclosed herein are embodiments of systems and 
methods for controlling components in an exhaust system or 
mechanical draft system in which combustion air is drawn 
into a mechanical room and Supplied to combustion or 
heating devices and air exhausted from the combustion or 
heating devices is vented from the mechanical room into the 
atmosphere. The controllers of the present disclosure are 
capable of controlling the on/off state and speed of intake 
fans and exhaust fans and can also control any number of 
appliances, such as furnaces or boilers, within the system. 
The unitary controllers disclosed herein may be configured 
using microprocessor elements or other suitable electrical 
components for providing greater functionality than conven 
tional exhaust system controllers. Also, the controllers can 
be programmed in the field and reprogrammed as desired 
allowing greater flexibility. 

0028. The controllers can be initialized during the instal 
lation or set-up of the mechanical draft system. The initial 
ization process involves entering information about the 
equipment and determining whether the equipment may 
require additional components to run properly. The control 
lers may provide installation instructions for the additional 
components as needed. The initialization process also 
involves setting maximum and minimum fan speeds and 
setting pre-purge and post-purge parameters. Initialization 
also involves determining the number of appliances con 
nected in the system and setting a priority list of the 
appliances for use when adequate draft cannot be maintained 
with all appliances running. Also established during instal 
lation or set-up is the proper positions of adjustable dampers 
or baffles for optimal airflow from the individual appliances. 
The position of a modulating damper is also adjusted to 
control air flow from cumulative appliances. Moreover, a 
fan-rotation-check procedure may be run to determine 
whether or not the fans are rotating in the correct direction. 
0029. After set-up and during system operation, the con 
trollers disclosed herein are capable of carrying out a pro 
cess of operating the fans during long periods of inactivity. 
This process, referred to herein as a “bearing cycle, allows 
the fans to run for a short amount of time, such as during 
off-season times, to exercise the bearing. Reference is now 
made to the drawings illustrating the embodiments of the 
mechanical draft system, pressure and combustion control 
lers, and methods of operation. 
0030 FIG. 1 shows an embodiment of a mechanical draft 
system 100, having components located both inside and 
outside of a mechanical room 102. The mechanical room 
102 may be a boiler room, laundry facility, or other room or 
enclosed area where a plurality of electrical or mechanical 
heat generating machines or appliances 104 are used. The 
appliances 104 may include boilers, modulating boilers, 
furnaces, water heaters, gas or electric laundry dryers, 
wood-burning devices, heating devices, etc. 
0031. An intake fan 106 draws air from outside the 
mechanical room 102 into the mechanical room 102 to 
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provide combustible air for the appliances 104. The intake 
fan 106 may be programmed to increase its speed of rotation 
when the appliances are fired in order to provide sufficient 
combustion air. It should be noted that the intake fan 106 
may include any well-known type of fan, such as a single 
phase fan or three-phase fan. The intake fan 106 cooperates 
with input ducts that penetrate the walls or ceiling of the 
mechanical room 102 and lead outside the building. The 
intake fan 106 and corresponding ducts may have any 
Suitable configuration and may be supported or directed in 
any suitable manner. The ducts at the output of the intake fan 
106 may lead directly to the appliances 104 in a direct 
venting configuration. Also, the ducts, if desired, may 
include diffusers leading to the interior of the mechanical 
room 102. 

0032. The appliances 104 draw air from inside the 
mechanical room 102 or directly from the intake fan 106 for 
combustion with a gas-based, oil-based, or wood-based fuel. 
Exhaust from the appliances 104, in the form of heated 
gases, Smoke, or the like, travels through an air exhaust duct 
108, which contains an adjustable baffle or damper 110 for 
controlling the draft into ducts 112. The damper 110, which 
may be a modulating damper, may have an open position for 
allowing exhaust to pass through virtually unhindered, a 
closed position for preventing exhaust from passing, and one 
or more intermediate positions for balancing the air flow 
with respect to the exhaust from other appliances 104 in the 
system. 

0033 Air exhausted into the ducts 112 travels through a 
modulating damper 113, which controls and maintains draft 
for single or multiple appliances 104. The modulating 
damper 113 may include multiple blades for controlling the 
draft. The modulating damper 113 can be used within ducts 
112 or within any other type of vent or stack. The modu 
lating damper 113 may be attached to one or more actuators, 
controllers, pressure sensors, draft probes, and over-pressure 
safety Switches for controlling and maintaining draft. The 
modulating damper 113 is used when the mechanical draft 
system 100 generates more draft than the appliances 104 can 
handle. By modulating the position of the modulating 
damper 113, a constant draft for the appliances 104 can be 
maintained. 

0034. Upon a call for heat, the modulating damper 113 
can be opened completely during a predetermined pre-purge 
time. When one or more of the appliances 104 are fired and 
the draft reaches a predetermined draft set-point, the modu 
lating damper 113 modulates to maintain a constant draft. 
This sequence is repeated every time another of the appli 
ances 104 is fired. When one or more appliances 104 shut 
down, the modulating damper 113 closes slightly while 
maintaining the predetermined draft set-point. When the last 
appliance is shut down, the modulating damper 113 stays 
open in accordance with any post-purge settings. 
0035) The mechanical draft system 100 includes over 
pressure protection for a situation where excessive pressure 
builds up between the outlet of the appliances 104 and the 
modulating damper 113. When this over-pressure situation 
occurs, one or more of the appliances 104 are shut down and 
the modulating damper 113 is opened completely to relieve 
the pressure within the ducts 112. 
0036) The ducts 112 include an end 114 that may include 
a closed header or an opened barometric damper to balance 
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the system. Exhaust travels through the ducts 112 to another 
end 116 that is open to a vertical stack or chimney 118. The 
chimney 118, which may be closed at one end 120, leads the 
exhaust outside the mechanical room 102 through an 
exhaust fan 122 at the other end. The exhaust fan 122 draws 
the exhaust from inside the ducts 112 and chimney 118 into 
the atmosphere. 

0037. The mechanical draft system 100 further includes a 
pressure and combustion controller 124 for maintaining an 
acceptable air pressure inside the mechanical room 102. The 
pressure and combustion controller 124 controls the speeds 
of the intake fan 106 and exhaust fan 122 in order to provide 
an adequate draft through the mechanical draft system 100. 
By regulating the Supply of air to the appliances 104, the 
energy efficiency of the appliances 104 is greatly improved. 
Maintaining an equalized air pressure between the atmo 
sphere and the interior of the mechanical room 102 further 
avoids dangerous operating conditions. 

0038 According to some embodiments, the pressure and 
combustion controller 124 monitors the differential pressure 
that is calculated from the difference in air pressure between 
the inside of the mechanical room 102 and the atmosphere. 
If a positive differential pressure is calculated, indicating 
excess air pumped into the mechanical room 102 relative to 
the atmosphere, sometimes referred to as overdraft, then the 
pressure and combustion controller 124 slows down or shuts 
off the intake fan 106 and/or speeds up the exhaust fan 122 
if possible. If a negative differential pressure is calculated 
based on a lack of adequate air inside the mechanical room 
102 relative to the atmosphere, then the pressure and com 
bustion controller 124 speeds up the intake fan 106 if 
possible and/or slows down or shuts off the exhaust fan 122. 
When a negative differential pressure exists, the pressure 
and combustion controller 124 may additionally adjust the 
dampers 110 or modulating damper 113 to more greatly 
restrict the exhaust from the appliances 104. These actions 
will serve to avoid overdraft, especially during times when 
the appliances are running at less than full capacity. 

0039. If the differential pressure exceeds a predetermined 
threshold, indicating an excessive difference between the 
pressure inside the mechanical room 102 relative to the 
atmosphere, then the pressure and combustion controller 
124 shuts down the appliances 104. For instance, if the 
pressure in the mechanical room 102 is 40% above or below 
a normalized atmospheric pressure, representing a poten 
tially dangerous situation, then the appliances 104 are shut 
down. The pressure and combustion controller 124 may 
additionally reset the appliances automatically when the 
differential pressure returns to an acceptable level, thereby 
avoiding lapses of service, which can result from the use of 
manual reset Switches. 

0040. The pressure and combustion controller 124 of the 
present disclosure can be implemented in hardware, Soft 
ware, firmware, or a combination thereof. In the disclosed 
embodiments, the pressure and combustion controller 124 
can be implemented in software or firmware that is stored in 
a memory and that is executed by a suitable instruction 
execution system. If implemented in hardware, as in an 
alternative embodiment, the pressure and combustion con 
troller 124 can be implemented with any combination of the 
following technologies, which are all well known in the art: 
one or more discrete logic circuits having logic gates for 
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implementing logic functions upon data signals, one or more 
application specific integrated circuits (ASICs) having 
appropriate logic gates, a programmable gate array (PGA), 
a field programmable gate array (FPGA), etc. 

0041 According to some embodiments, the pressure and 
combustion controller 124 receives a differential pressure 
signal from a differential transducer 126. The differential 
transducer 126 calculates the differential pressure based on 
a first pressure reading from inside the mechanical room 102 
and a second pressure reading from outside the mechanical 
room 102, preferably from the atmosphere. The first pres 
Sure reading may be taken from an open port in the differ 
ential transducer 126 or may optionally be taken from a first 
pressure sensor 128. The first pressure sensor 128 may be 
attached to an interior wall of the mechanical room 102 or 
may be secured inside the ducts 112 or chimney 118. The 
second pressure reading may be taken from a second pres 
sure sensor 130, preferably located on a roof top of the 
building. 

0042. According to some embodiments, a second differ 
ential transducer 138 provides pressure and combustion 
controller 124 with a differential pressure between the inside 
of the mechanical room 102 (e.g. with pressure sensor 142) 
and a second pressure inside of the chimney 122 and/or 
ducts 112 (e.g. with pressure sensor 140). A measurement of 
the differential in pressure between the mechanical room 
102 and the ducts 112 and/or chimney 118 provides pressure 
and combustion controller 124 with yet another indication of 
the flow of air passing through chimney 122. The measure 
ments provided by differential transducers 126 and 138 can 
be used independently, or together, by pressure and com 
bustion controller 124 to control the proper draft through 
duct 112 and chimney 118 (e.g. through modulating the 
speed of fans and/or dampers). 

0043. According to some Some embodiments of 
mechanical draft system 100 can also use one or more 
oxygen sensors, sometimes known as lambda sensors, to 
monitor the oxygen level in the exhaust of appliances 104. 
Heating appliances operate on the basis of a stoichiometric 
combustion process, which is perfect combustion. Thus, a 
Stoichiometric combustion process uses a perfect combina 
tion of fuel and oxygen with no other liquids or gases. 
However, in reality, perfect combustion is not generally 
possible because atmospheric air has only a certain amount 
of oxygen and atmospheric air contains other gases and 
liquids that are not used in the combustion process, but still 
become part of the products of combustion that are being 
exhausted via the duct 112 and chimney 118. However, 
oxygen sensors can be used to monitor the oxygen level in 
the air after the combustion process (e.g. the exhaust), and 
can send a signal to the controller when the oxygen level 
exceeds and/or falls below specified thresholds. Such thresh 
olds will vary by the specific appliance and environmental 
conditions. Incorporating oxygen sensors into mechanical 
draft system 100 can provide not only proper draft, but can 
be used to accurately monitor and control the oxygen 
content in the exhausted flue gases. This allows the appli 
ances 104 to operate as efficient as possible while minimiz 
ing harmful emissions. 
0044) For example, oxygen sensor 144 can be located in 
the chimney 118 and/or ducts 112 to monitor the oxygen 
level in the exhaust duct common to all of the appliances 
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104. However, in Some embodiments, oxygen sensors 144a 
144c can be placed in the exhaust ducts 108 of each 
appliance 104 in order to monitor the exhaust of each 
appliance 104 individually. Each of sensors 144a-144c are 
communicatively coupled to provide oxygen readings to 
pressure and combustion controller 124. Damper 110, which 
can be a modulating damper, can be installed in-line down 
stream of the exhaust flow from the oxygen sensors 144a 
144c. Each interface of the damper 110 is also connected to 
the pressure and combustion controller 124. 

0045. In use, the pressure and combustion controller 124 
can receive a signal (e.g. "call for heat') from an appliance 
104 thermostat or other switch or monitor. The pressure and 
combustion controller 124 can then cause the damper 110 in 
the respective appliance's exhaust duct 108 to open and can 
also activate the exhaust fan 122 (and intake fan 106, if 
installed and needed). The fan(s) can be set to reach a preset 
draft set point. When this draft set point is proven, the 
appliance 104 is released by the pressure and combustion 
controller 124. Once the appliance 104 fires, the pressure 
and combustion controller 124 can monitor the oxygen 
levels in the exhaust gas via the respective oxygen sensor 
104a-104c. If the oxygen level is too high, pressure and 
combustion controller 124 controls damper 110 to move 
towards a more closed position until the proper oxygen level 
is reached. If the oxygen level is too low, pressure and 
combustion controller 124 controls damper 110 to move 
towards a more open position until the proper oxygen level 
is reached. The damper can regulate on predefined intervals, 
or continuously, to maintain the proper oxygen level. 

0046 Embodiments using oxygen sensors 144 and/or 
144a-144c add the ability to control an appliance's com 
bustion by measuring the oxygen level-rather than, or in 
conjunction with, the draft pressure. Thus, the exhaust fan 
122 and/or the intake fan 106 combined with the modulating 
damper 110 can make the necessary fan speed and damper 
adjustments to maintain the specified oxygen content in the 
flue gases. According to some embodiments, if the oxygen 
level is outside a specified level by a preset threshold, the 
pressure and combustion controller 124 can provide an 
alarm signal and/or shut down one or more appliances 104. 

0047 Thus, regardless of the types of sensors installed, 
the pressure and combustion controller 124 ensures that a 
proper draft is maintained through the mechanical draft 
system 100 by transmitting signals to various components 
via interface devices. For example, an intake fan interface 
132 is positioned between the pressure and combustion 
controller 124 and the intake fan 106. An exhaust fan 
interface 134 is positioned between the pressure and com 
bustion controller 124 and the exhaust fan 122. Appliance 
interfaces 136 are positioned between the pressure and 
combustion controller 124 and each respective appliance 
104. 

0048. The intake fan interface 132 and exhaust fan inter 
face 134 may include a power Source (not shown). Such as 
a variable frequency drive (VFD), for supplying three phase 
power signals when the fans are three-phase fans. The intake 
fan interface 132 and exhaust fan interface 134 may also 
monitor characteristics of the fans and indicate various 
information to the pressure and combustion controller 124. 
For instance, the interfaces 132 and 134 may indicate to the 
pressure and combustion controller 124 the existence of the 
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fans. If a fan does not exist on the intake or exhaust side, 
then the pressure and combustion controller 124 can bypass 
any control functions intended for the missing fan. The 
interfaces 132 and 134 may also indicate whether the fans 
are operating properly and if the fans are malfunctioning. 
The interfaces 132 and 134 also sense the speed of the 
respective fans and indicate the speeds to the pressure and 
combustion controller 124. Furthermore, the interfaces 132 
and 134 receive control signals from the pressure and 
combustion controller 124 for adjusting the speeds of the 
respective fans. 

0049. The appliance interfaces 136 may contain a proven 
draft switch (not shown) which receives a signal from the 
pressure and combustion controller 124 to shut down the 
appliances when insufficient draft is detected. The appliance 
interfaces 136 may also receive signals from the pressure 
and combustion controller 124 to adjust the position of the 
dampers 110, thereby controlling the exhaust from indi 
vidual appliances 104. The modulating damper 113 may 
optionally be configured to be controlled by the appliance 
interfaces 136. The appliance interfaces 136 may also trans 
mit signals to the pressure and combustion controller 124 to 
indicate various information about the appliances 104 and 
dampers 110. For example, the appliance interfaces 136 may 
inform the pressure and combustion controller 124 of the 
presence of the respective appliances 104 so that the number 
of appliances 104 connected in the mechanical draft system 
100 can be determined. The appliance interfaces 136 may 
also indicate whether or not the appliances 104 are currently 
running for monitoring periods of inactivity. The appliance 
interfaces 136 may also indicate the presence and position of 
the dampers 110. 

0050. The connections between pressure and combustion 
controller 124 and its associated input/output devices. Such 
as differential transducer 126, pressure sensor 128, pressure 
sensor 130, intake fan interface 132, exhaust fan interface 
134, and appliance interfaces 136 may be any wired or 
wireless connection. In addition to the pressure sensors, any 
other sensors located remote from pressure and combustion 
controller 124 (e.g. those determined useful for the purpose 
of data collection) may also be similarly interfaced to 
controller 124. In an embodiment using a wired interface, 
any of a number of appropriate signals are used for sending 
and or receiving signals to and/or from the attached devices. 
For example, a 0-10 V control signal Supplied to exhaust fan 
interface 134 from pressure and combustion controller 124 
may control the speed of the variable speed motor, while a 
simple high/low signal may be transmitted to an appliance 
for the purpose of signaling the activation or deactivation of 
the appliance. 

0051 Although embodiments having wired connections 
between the input/output devices provide exceptional reli 
ability, embodiments using wireless interfaces are advanta 
geous for simplifying installation. Accordingly, in some 
embodiments, the connections between pressure and com 
bustion controller 124 and any associated remote devices 
(e.g. differential transducer 126, pressure sensor 128, pres 
sure sensor 130, intake fan interface 132, exhaust fan 
interface 134, and appliance interfaces 136) may include any 
number of wireless connections capable of providing appro 
priate signals between the respective remote device and 
pressure and combustion controller 124. 
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0052 One such popular wireless protocol and transceiver 
is based the Z-WaveTM system offered by Zensys, Inc. of 
Upper Saddle River, N.J., the protocol of which is described 
in U.S. Pat. No. 6,879,806, which is hereby incorporated by 
reference in its entirety. Another such wireless standard, 
including a suitable protocol and transceiver, is the ZigbeeTM 
protocol based on the Institute of Electrical and Electronics 
Engineers (IEEE) 802.15 standard, which is also incorpo 
rated by reference in its entirety. 
0053. In embodiments using wireless interfaces, each of 
controller 124 and any associated remote devices (e.g. 
differential transducer 126, pressure sensor 128, pressure 
sensor 130, intake fan interface 132, exhaust fan interface 
134, and appliance interfaces 136) may be outfitted with an 
appropriate electronic transceiver. Each transceiver may be 
uniquely addressed and the transceiver associated with con 
troller 124 is programmed to be capable of uniquely iden 
tifying each input/output device by each device's unique 
address. 

0054) To increase communication reliability between the 
controller and the input/output devices, it may be desirable 
to associate more than one transceiver for each device in the 
case of failure of the transceiver. For example, in Such an 
embodiment, if a destination transceiver did not transmit an 
acknowledgement, the sending transceiver may send the 
signal to a backup transceiver associated with the device. In 
Some embodiments, as used in the Z-wave system, a number 
of repeaters and alternate routes may be used to provide 
reliable transmissions around dead Zones and across long 
distances. 

0055 FIG. 2A is a block diagram of an embodiment of 
the pressure and combustion controller 124 shown in FIG.1. 
In this embodiment, the pressure and combustion controller 
124 includes a processor 200. Such as a microprocessor or 
the like. The processor 200 preferably contains electrically 
erasable programmable read only memory (EEPROM) or 
other Suitable memory device for storing settings and param 
eters established during set-up of the mechanical draft 
system 100. When the processor 200 is configured with a 
memory device such as EEPROM, an advantage can be 
realized in that the software of the processor 200 can be 
upgraded in the field during set-up or during normal system 
operation to include new controller functions for controlling 
mechanical draft systems. 
0056. The pressure and combustion controller 124 of 
FIG. 2A contains input devices 202 for receiving inputs from 
an installer, programmer, and/or technician. The input 
devices 202 may be configured as input buttons, keypads, 
keyboards, or other Suitable input mechanisms. The pressure 
and combustion controller 124 also contains display devices 
204. Such as liquid crystal display (LCD) and light emitting 
diode (LED) components, for displaying various informa 
tion about the condition of the mechanical draft system 100. 
For example, the display devices 204 may show the differ 
ential pressure, actual pressure in the mechanical room 102. 
alarm conditions, etc., and may indicate whether or not the 
intake fan 106 and exhaust fan 122 are functioning properly. 
The display devices 204 may also show information as it is 
being entered in the input devices 202. 
0057 The input devices 202 may include means for 
overriding automatic control of the processor 200 and for 
allowing manual control. During set-up of the mechanical 
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draft system 100, the input devices 202 may be used for 
entering various information. For example, during set-up, 
the maximum and minimum fan speeds may be entered. 
Also, an input may be entered notifying the processor 200 
how many appliances 104 are to be connected in the 
mechanical draft system 100. Also, with a plurality of 
appliances 104 in the system, priority information can be 
entered to establish a priority list dictating which appliances 
104 should be allowed to run during a condition in which the 
exhaust fan 122 is malfunctioning or when the exhaust fan 
122 has reached its maximum speed and cannot provide 
adequate draft. This priority mode is described in more 
detail below. 

0.058. The pressure and combustion controller 124 further 
includes an intake fan controller 206 and an exhaust fan 
controller 208. The intake fan controller 206 receives infor 
mation from the intake fan interface 132 (FIG. 1) for 
analysis by the processor 200. When the processor 200 
detects a differential pressure that exceeds a predetermined 
threshold, the processor 200 may increase, decrease, or shut 
off the intake fan 106 via the intake fan controller 206. If the 
intake fan 106 is a single-phase fan, the intake fan controller 
206 may contain a triac board, which may be configured to 
supply a 10-volt signal to the intake fan 106. Likewise, the 
exhaust fan controller 208 receives information from the 
exhaust fan interface 134 and adjusts the speed of the 
exhaust fan 122. The exhaust fan controller 208 may also 
contain a triac board if necessary. If one or the other fan is 
not connected to the mechanical draft system 100, the 
pressure and combustion controller 124 bypasses the respec 
tive controller 206 and 208 and compensates for the absence 
of the fan. 

0059 FIG. 2A further illustrates the pressure and com 
bustion controller 124 having an appliance controller 210 
that can shut down or restart the appliances 104 when 
necessary. The appliance controller 210 includes six outputs 
for controlling up to six appliances 104. The appliance 
controller 210 may also control the position of the dampers 
110 located at the exhaust ducts 108 of each appliance 104 
and/or the position of the modulating damper 113. In this 
regard, the position of the dampers 110 and 113 may be 
completely open, completely closed, or adjusted to a desir 
able intermediate position. 

0060. The pressure and combustion controller 124 may 
optionally contain a relay board 212 when more than six 
appliances 104 are connected in the mechanical draft system 
100. The relay board 212 includes four terminals shutting 
down or restarting four additional appliances 104, thereby 
increasing the possible number of appliances that can be 
controlled by the pressure and combustion controller 124 up 
to ten. The pressure and combustion controller 124 further 
includes one or more external communication links 214. The 
external communication links 214 may also include connec 
tions to one or more external relay boards (not shown) when 
more than ten appliances are installed in the mechanical 
draft system 100. The external relay boards may be incor 
porated within relay boxes (not shown) that can be con 
nected in a daisy chain fashion. Using the relay boxes, the 
pressure and combustion controller 124 may be configured 
to control an unlimited number of appliances 104. 

0061 External communication links 214 may also 
include an RS-232 (serial) port, RJ-45 (Ethernet) port, 
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wireless port (e.g. IEEE 802.11), or RJ-11 (telephone) port 
for communicating with other auxiliary computing devices 
or peripherals capable of providing Supplementary services. 
For example, such computing devices may include a com 
puter used in a building management system. 

0062 FIG. 2B depicts a block diagram of an exemplary 
auxiliary computing device 216 capable of providing a 
number of Supplemental services to pressure and combus 
tion controller 124. Although auxiliary computing device 
216 may essentially be physically located local to the 
controller itself, in some embodiments the computing 
devices may be located remotely, Such as in a corporate data 
center, for example. Indeed, the functional and physical 
features of auxiliary computing device 216 could be inte 
grated into pressure and combustion controller 214. 

0063 Regardless of the physical location, auxiliary com 
puting device 216 may perform a number of Supplementary 
functions such as providing alarm notification, data logging, 
and remote access and control to pressure and combustion 
controller 124. Auxiliary computing device 216 may also 
Supply Software updates over communication link 214 for 
reprogramming the processor 200 in the field according to 
any mechanical draft system pressure control advances that 
may be developed in the future. 

0064. According to some Generally speaking, auxiliary 
computing device 216 may be one of a wide variety of wired 
and/or wireless computing devices, such as a laptop com 
puter, PDA, handheld or pen based computer, desktop 
computer, dedicated server computer, multiprocessor com 
puting device, cellular telephone, embedded appliance and 
So forth. Irrespective of its specific arrangement, portable 
computer system 28 can, for instance, comprise a bus 218 
which may connect a processing device 222, memory 224, 
and an input/output interface 220. Although not depicted, it 
should be understood that auxiliary computing device 216 
may also include a number of other computing devices Such 
as, but not limited to, a display, user input devices, and/or a 
network interface. 

0065 According to some Processing device 222 can 
include any custom made or commercially available pro 
cessor, a central processing unit (CPU) or an auxiliary 
processor, among several processors associated with the 
auxiliary computing device 216, a semiconductor based 
microprocessor (in the form of a microchip), a macropro 
cessor, one or more application specific integrated circuits 
(ASICs), a plurality of Suitably configured digital logic 
gates, and other well known electrical configurations com 
prising discrete elements both individually, and in various 
combinations, to coordinate the overall operation of the 
computing system. 

0066. According to some Input/output interfaces 220 
provide any number of interfaces for the input and output of 
data. For example, where the auxiliary computing device 
216 comprises a personal computer, these components may 
interface with a user input device (not shown), which may 
be a keyboard or a mouse. Where the auxiliary computing 
device 216 comprises a handheld device (e.g., PDA, mobile 
telephone, etc.), these components may interface with func 
tion keys or buttons, a touch sensitive screen, a stylus, etc. 
Input/output interfaces 220 may also provide the capability 
to send and receive data from other computing devices 
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(including pressure and combustion controller 124) and 
receive data and/or signals from measurement devices (e.g. 
sensors, etc.). 
0067 Memory can include any one of a combination of 
Volatile memory elements (e.g., random-access memory 
(RAM, such as DRAM, and SRAM, etc.)) and nonvolatile 
memory elements (e.g., ROM, hard drive, tape, CDROM, 
etc.). The memory typically comprises a native operating 
system, one or more native applications, emulation systems, 
or emulated applications for any of a variety of operating 
systems and/or emulated hardware platforms, emulated 
operating Systems, etc. 
0068. With respect to data logging, pressure and com 
bustion controller 124 may be configured to send any 
available operational data to auxiliary computing device 216 
over communication link 214. Auxiliary computing device 
216 may be configured to receive and store the data within 
memory 224. For example, the data may be stored and 
arranged within a database or within logs which may be 
accessed for a number of purposes such as troubleshooting 
and providing reports and statistics. For example, Such 
reports could be used for the purpose of providing govern 
ment required emissions data. Customized reports may be 
generated to view statistics related to the control system, the 
appliances, and the building itself. These reports may, for 
example, assist an owner in determining available perfor 
mance capacity of the appliances, usage trends, and the 
prediction of system failures. 
0069. According to some In addition to receiving opera 
tional data available to pressure and combustion controller 
124 over communication link 214, the computing devices 
may be configured to receive any number of other inputs 
from sensors or building control systems through input/ 
output interface 220. For example, measurement devices 
external to the auxiliary computing device 216 and/or a 
building control system may supply auxiliary computing 
device 216 with the temperature or humidity of the mechani 
cal room 102 as well as the status of any other building 
system alarms (e.g. fire alarms, etc.). 
0070 According to some Data received by auxiliary 
computing device 216 may include data recorded on a 
periodic basis or may record instances of measured values 
that have exceeded a specified range. For example, the types 
of operational data recorded on a periodic basis may include, 
but is not limited to: the draft, current used by fans 106 
and/or 122, thermal data related to fans 106 and 122, the 
positions of dampers 110, the pressure differential between 
pressure sensors 128 and 130, the pressure differential 
between pressure sensors 140 and 142, the amount of 
oxygen detected by oxygen sensors 144/144a-144c, the 
on/off status of appliances 104, any alarms occurring on the 
controller or appliances. Auxiliary computing device 216 
may be configured to monitor received data in real time and 
log an event occurrence if predetermined settings are 
tripped. For example, if the pressure differential exceeds a 
threshold value for more than thirty seconds, an occurrence 
may be logged by auxiliary computing device 216. 
0071 According to some Even further, operational data 
received by auxiliary computing device 216 may be used for 
real-time notification, interdiction, and/or control. For 
example, auxiliary computing device 216 may be configured 
to notify personnel via email, phone, pager, system alarms, 
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visible lights, etc. upon the occurrence of a specified event. 
Statistical information can be kept which can be used to 
predict system performance, including system failure. By 
monitoring this data, System failures can be predicted before 
they occur, providing for the ability to schedule needed 
maintenance or down time. 

0072 According to some In addition to merely receiving 
data for analysis and storage, auxiliary computing device 
216 may be further configured to provide feedback to 
pressure and combustion controller 124 for the purpose of 
controlling appliances, fans, dampers, etc. For example, 
nitrogen oxide (NOx) readings provided by an optional NOx 
particle sensor may be collected by auxiliary computing 
device 216. Because the draft of the exhaust system can 
effect the amount of NOx particles emitted from the system, 
the data may be used by pressure and combustion controller 
124 to start or shut down appliances and/or adjust fan speeds 
and/or damper positions to keep NOx levels within pre 
defined thresholds. 

0073. According to some Auxiliary computing device 
216 may also provide remote access to pressure and com 
bustion controller 124 for ease in performing a number of 
administrative functions. For example, auxiliary computing 
device 216 may provide such access through RS-232 (e.g. 
Hyperterminal), through a dial-up modem, or over a network 
Such as the Internet. Such a feature is advantageous in that 
it can provide ease in the configuration and use of the 
controller without the need for an extensive user interface 
(e.g. display, keyboard, and/or touch-screen) associated with 
pressure and combustion controller 124 itself. 
0074 According to some The remote access feature may 
provide the capability to configure alarm set points, view 
and download any logged data, create reports, view real 
time data, and customize any configurable aspect of the 
controller (e.g. control and alarm set points, alarm text, 
appliance configuration, etc.) In the case that the auxiliary 
computing device 216 provides such access from remote 
locations (e.g. via the Internet or via dial-up access), the 
feature may be helpful for troubleshooting and configuration 
by expert personnel located remote from the actual control 
ler. Such a feature can used by the vendor to provide 
real-time, remote troubleshooting and configuration assis 
tance, or could be used by the user of the control system to 
provide remote troubleshooting where physical access to the 
pressure and combustion controller 124 is controlled and/or 
difficult. By providing remote access, the physical controller 
location may be selected with less emphasis on the ability 
for physical access. 
0075 According to some In addition to providing remote 
access to pressure and combustion controller 124, remote 
access to any auxiliary computing devices 216 may be 
provided to view and/or download logged data and/or 
reports. Accordingly, in addition to a user having direct 
access to pressure and combustion controller 124, access 
from other computing devices may be provided through 
auxiliary computing device 216. 
0076 According to some According to the embodiment 
of the pressure and combustion controller 124 shown in FIG. 
2A and according to other various embodiments that may be 
contemplated based on the teachings herein, the processor 
200 can perform a number of functions that have not been 
performed in previous exhaust systems and mechanical draft 
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systems. For example, typical exhaust system processors 
may control either an intake fan or an exhaust fan, but 
usually do not control both intake fans and exhaust fans. 
Furthermore, typical exhaust system processors are not 
capable of controlling up to six appliances as is possible with 
the processor 200. The expandability of the system to 
manage an unlimited number of appliances with one pro 
cessor is also an advantage that the processor 200 has over 
typical processors. In additional to these advantages, the 
processor 200 can perform other functions as well, as is 
explained below. 

0077. When a three-phase fan is installed in the mechani 
cal draft system 100, the processor 200 may include an 
option to run the mechanical draft system 100 in a rotation 
check mode, which involves powering three-phase intake 
and/or exhaust fans at a low level when the fans are first 
installed. Since the direction of fan rotation is difficult to 
observe when a fan is rotating at typical operating speeds, 
sometimes creating a strobe effect that increases the diffi 
culty, installers can benefit from the rotation check mode to 
avoid mistakenly determining fan rotation. 

0078 When a specific fan-intake-check input is received 
by the input devices 202, the input devices 202 signal the 
processor 200 to run the rotation check mode. In the rotation 
check mode, the processor 200 signals the intake fan con 
troller 206 and/or the exhaust fan controller 208 to provide 
a low power signal to the respective fans. With low power 
applied thereto, the fans will rotate at a very slow speed, 
which may not be particularly useful for moving air but can 
clearly demonstrate to an observer the direction of rotation 
of the fan. The installer can observe the rotation of the newly 
installed fan in the rotation check mode to see whether or not 
the fan is rotating in the correct direction. If not, then it will 
be known that the terminals from the power source to the 
three-phase fan have been reversed. If reversed, the installer 
can correct the power connections so that the fan will rotate 
in the correct direction to force air appropriately. FIG. 5 
illustrates an embodiment for checking fan rotation and is 
described in more detail below. 

0079 The processor 200 may also contain a memory 
device for storing a priority list that may be entered during 
the set-up of the mechanical draft system 100. Utilizing the 
priority list, the processor 200 can run a priority control 
procedure during less than optimal operating conditions. For 
instance, when the exhaust fan 122 is malfunctioning, or if 
it has reached its maximum speed and cannot provide 
sufficient draft to relieve a pressure build-up in the chimney 
118 or mechanical room 102, then the priority control 
procedure is performed. 

0080 When one of the above conditions is detected, the 
priority control procedure is initiated. First, the processor 
200 shuts down all the appliances via the appliance control 
ler 210, the relay board 212, and/or the external communi 
cation link 214 and relay boxes. The processor 200 contin 
ues to check the differential pressure periodically and starts 
up the first appliance on the priority list. If a natural draft can 
be maintained with the one appliance added, then a second 
and Subsequent appliances can be added until the differential 
pressure becomes unacceptable. At this level, the last added 
appliance is shut off to keep the pressure within acceptable 
tolerances. Additionally, the processor 200 continues to 
check the condition of the exhaust fan 122 to determine 
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when it can operate properly again. Once the exhaust fan 
122 is determined to be functional, the processor 200 resets 
or restarts the appliances 104 to their previous operating 
condition by signals through the appliance controller 210, 
relay board 212, and/or relay boxes. 
0081. The processor 200 may additionally be configured, 
based on installation instructions, to run in a continuous 
mode. In the continuous mode, the fans run continuously, 
even when the appliances 104 are shut down. When the 
appliances are running, the fans may be set to any level up 
to their maximum levels. When the appliances are off, the 
fans may be set to their minimum speed level. 
0082 Alternative to the continuous mode, the processor 
200 may be configured to shut the fans off during periods of 
appliance inactivity. In this discontinuous mode, the proces 
Sor 200 may initiate a pre-purge mode and/or a post-purge 
mode during transition periods between an appliance on 
state and an appliance off-state. In this mode, when the 
appliances are off and a request for appliance operation is 
made, the processor 200 initiates the pre-purge mode in 
which the fans are turned on for a predetermined time before 
the appliances are actually fired. When the appliances are on 
and a request is made to shut the appliances off, the 
processor 200 shuts the appliances down and allows the fans 
to continue running for a predetermined time. During set-up 
of the mechanical draft system 100, an installer may input 
parameters concerning the minimum and maximum speeds 
of the fans, whether the system will run in a continuous 
mode or a discontinuous mode, pre-purge and post-purge 
parameters (when in the discontinuous mode), etc. 
0083. Furthermore, the processor 200 may be configured 
to maintain an error log of errors detected in the mechanical 
draft system 100. For instance, when a fan is indicated as 
being faulty, the processor 200 may save a record of the time 
and duration that the fan is out of service. The processor 200 
may also indicate errors by a warning or alarm signal on the 
display devices 204. The tolerances within which the 
mechanical draft system 100 operates can be entered during 
system set-up, thereby determining the criteria by which the 
processor 200 detects errors, indicates alarm conditions, 
and/or controls fans and appliances. 
0084 Another feature that the processor 200 may possess 

is a procedure for running the fans in a discontinuous mode 
during long periods of inactivity, referred to herein as a 
bearing cycle. The bearing cycle runs the fans when they 
have not been running for a long time in order to work the 
bearings of the fans and to help lubricate the fans, thereby 
potentially extending the life span of the fans. The bearing 
cycle involves timing the periods of system inactivity with 
a timing device (not shown). Such as, for example, a timer 
or clock within the processor 200. The processor 200 
continuously monitors whether or not the appliances are 
operating and determines continuous stretches of time when 
the appliances are off. When the timing device determines 
that a predetermined period of inactivity has elapsed, the 
processor 200 signals the intake fan controller 206 and 
exhaust fan controller 208 to run the fans at a low speed for 
a short amount of time. The timing device is reset whenever 
the appliances are turned on or whenever the bearing cycle 
completes. This bearing cycle may then be repeated inter 
mittently when needed. 
0085. In addition to features such as the described bear 
ing cycle Subroutine, processor 200 may also provide the 
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ability to sequence the activation or deactivation of appli 
ances 104. The general concept of appliance sequencing has 
been practiced for a number of years, and the advantages of 
appliance sequencing are well known. However, until now, 
Such sequencing features have not been advantageously 
integrated with a pressure control system, enabling a number 
of improvements over prior art systems. A number of 
exemplary sequencing approaches are described in U.S. Pat. 
Nos. 3,387,589; 4,598,668; 4.860,696 and 5,042,431, each 
of which are hereby incorporated by reference. 

0.086 Generally, the total demand of a multiple appliance 
system may be divided up among two or more appliances 
and the number, identity, and/or output setting of the appli 
ances that are fired to meet this demand at particular time 
can be controlled through the sequencing feature of proces 
sor 200. For example, in a multiple boiler system only the 
boilers that are needed to closely match the heating load at 
any given time are fired. The output of each individual boiler 
may also be modulated to operate at Some fraction of the 
boilers total capacity. Controlling the number of boilers and 
their output may advantageously cause boilers that are being 
fired to continuously operate for longer periods of time. This 
is advantageous because, for a number of reasons, the 
efficiency of an appliance may increase by extending the 
period of time the appliances operate continuously, much 
like the average miles per gallon of a car increases when 
most of the driving is highway mileage rather than stop 
and-go driving. Additionally, the efficiency of an appliance 
may change depending on the fraction of the boilers total 
capacity being used. Accordingly, processor 200 can be 
preprogrammed to operate the proper number of boilers at 
their most efficient settings based on the total system 
demand. 

0087 Processor 200 may also take a number of other 
factors into account in selecting which appliances to operate 
(and at what capacity) under the specified conditions to meet 
an exhaust system objective. For example, processor 200 
may be programmed to operate each appliance for a Sub 
stantially equal time over an extended time period, thereby 
providing an equal distribution of the use of the appliances 
104. However, in other situations, it may be advantageous to 
prioritize the use (or non-use) of an appliance having desired 
characteristics for a particular situation. For example, one 
appliance may be able to heat water more quickly at the 
expense of efficiency while other appliances may operate at 
a more desirable efficiency or environmental impact. 
Accordingly, processor 200 may be configured to sequence 
the appliances based on an environmental condition, appli 
ance usage, appliance characteristic, fuel costs, or other 
user-desired parameters to meet the exhaust system objec 
tive. Thus, it should be understood that the programmed 
sequence for appliance activation may change over time 
based on any number of desired factors. 

0088 According to one exemplary embodiment, assum 
ing that adequate draft can be maintained, the controller may 
be configured to specify the number and/or identity of the 
available appliances to be activated or deactivated based on 
the needs of the system (e.g. a call for heat, or a release of 
an appliance). Notably, this feature is distinguished from the 
priority function described above, which may be used to 
prioritize the appliances activated in the event that inad 
equate draft can be maintained for a desired system need. 
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0089. In one embodiment, a specified number of appli 
ances may be sequentially activated based on predetermined 
conditions. For example, in the case that appliances 104 are 
boilers for heating a water tank, a first boiler may be 
activated when the water temperature in the tank drops five 
degrees below a set point. A second boiler may be activated 
when the temperature drops ten degrees below the set point. 
Likewise, a third boiler may be activated when the tempera 
ture drops fifteen degrees below the set point. Although 
temperature has been used as an example, any measurable 
condition and associated set points could be used. In some 
embodiments the condition for activating or deactivating an 
appliance could originate from an external Source. Such as a 
building management system. 
0090. In addition to designating a number of appliances 
to be operational under the predetermined conditions, it is 
may also be advantageous for the sequencing function of 
processor 200 to identify the appliances 104 that are to be 
activated at a particular time. Although the programmable 
sequencing feature has been generally described, an exem 
plary sequencing Subroutine is explained in more detail with 
respect to FIG. 9. 
0091 Looking now to FIG. 3A, a front view of an 
embodiment of a housing 300 that contains the pressure and 
combustion controller 124 is depicted. The front of the 
housing 300 includes a display screen 302, such as an LCD 
window, for showing information about the mechanical draft 
system 100. The housing 300 also includes program buttons 
304 for entering system set-up parameters and for manually 
controlling the mechanical draft system 100. The program 
buttons 304, for instance, may include buttons for scrolling 
through options displayed on the display screen 302, buttons 
for proceeding through and selecting program functions, and 
buttons for setting or entering values. The housing 300 
further includes LEDs 306 for visually indicating specific 
conditions of the mechanical draft system 100. 
0092 FIG. 3B is a bottom view of the embodiment of the 
housing 300. The bottom of the housing 300 includes ports 
308 for connection to appliances, fans, differential transduc 
ers, etc. The housing 300 may also include a communication 
terminal 304 for connection to an external computer. For 
example, the communication terminal 310 may be an 
RS-232 port for communicating with a computer of a 
building management system. The communication terminal 
310 may be used to receive program updates for re-pro 
gramming or reconfiguring the processor 200 of the pressure 
and combustion controller 124. Furthermore, system param 
eters may be transmitted to an external computer via a 
communication network Such as the Internet. 

0093 Methods of operating a mechanical draft system 
are now described with respect to FIGS. 4-8. These methods 
may include functions of a number of the elements described 
above with respect to FIGS. 1 and 2, including the pressure 
and combustion controller 124 and processor 200. Alterna 
tively, the methods of FIGS. 4-8 may be incorporated as 
programs stored on the processor 200 or other suitable 
processor in a mechanical draft system. 
0094 FIG. 4 is a flow chart of an embodiment of a system 
set-up routine that may be performed when an exhaust 
system or mechanical draft system is being set up or 
installed in a building. Block 400 includes detecting the 
presence of an intake fan and an exhaust fan to determine 
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what fans will be controlled during system operation. In 
block 402, the routine determines the types of fans that are 
present. In decision block 404, it is determined whether each 
fan is a single phase fan or a three phase fan. If a fan is a 
single phase fan, flow proceeds to block 406, in which the 
routine instructs or prompts the installer to install a triac 
board in a pressure and combustion controller so that the 
proper signal level may be delivered to the fan. If it is 
determined in decision block 404 that the fan is a three phase 
fan, then flow proceeds to block 408. In block 408, the 
routine instructs or prompts the installer to install a variable 
frequency driver (VFD) in the exhaust system or mechanical 
draft system so that three phase power signals may be 
delivered to the fan. It should be noted that blocks 404, 406, 
and 408 may be repeated for both the intake fan and exhaust 
fan. 

0.095 The set-up routine of FIG. 4 next allows the 
installer to set maximum and minimum fan speeds for the 
intake fan and the exhaust fan, as indicated in block 410. 
These limits are set based on Schematic and/or physical 
specifications and/or power capabilities of the respective 
fans. A minimum fan speed, or idling speed, is set when the 
mechanical draft system 100 is arranged for continuous use. 
If the system is configured in a mode where the fans are shut 
down when the appliances are not in use, referred to as a 
discontinuous mode, then block 410 may include setting the 
fan speeds during pre-purge and/or post-purge procedures. 

0096. In block 412, the system set-up routine may then 
run a routine for checking the rotation of three-phase fans to 
ensure that the power terminals connected to the fans are not 
wired incorrectly thereby resulting in a fan rotating the 
wrong way. One embodiment of the fan-rotation-check 
routine is described in more detail below with respect to 
FIG. 5. Block 414 includes setting pre-purge and post-purge 
parameters, such as the length of time that the fans will run 
after a call for heat has been requested and the length of time 
that the fans will run after the appliances are turned off. In 
block 416, the installer is prompted to input information to 
set alarm limits and delays according to user preferences 
and/or system design. 
0097. In block 418, the number of appliances to be 
connected in the exhaust system is determined. In decision 
block 420, it is determined whether or not the number of 
appliances is six or fewer. If so, then the pressure and 
combustion controller does not need to be altered in any 
way, since it is capable of handling this number of appli 
ances without additional circuitry, and the routine proceeds 
to block 428. If there are more than six appliances connected 
in the exhaust system, then flow proceeds to decision block 
422, where it is determined whether or not there are ten or 
fewer appliances. If there are seven to ten appliances in the 
system, then flow proceeds to block 426 where the installer 
is instructed or prompted to install an optional relay board in 
the pressure and combustion controller. With the relay 
board, the pressure and combustion controller may be 
capable of controlling up to ten appliances. If it is deter 
mined in decision block 422 that more than ten appliances 
are connected in the exhaust system, then flow proceeds to 
block 424. In block 424, the installer is instructed or 
prompted to install at least one relay box external to the 
pressure and combustion controller and connect the relay 
box or boxes to the pressure and combustion controller in a 
daisy chain fashion if necessary. Each relay box allows up 
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to six additional appliances to be controlled. An unlimited 
number of relay boxes may be connected to allow for 
controlling any number of a plurality of appliances. 

0098. In block 428, the set-up routine of FIG. 4 detects 
the presence of the appliances and dampers. In block 430, an 
appliance priority list is set. Typically, appliances high on 
the priority list are those appliances that are located closest 
to the vertical stack or chimney. Alternatively, the type of 
appliance (boiler versus water heater, for example) may 
dictate which appliances are higher on the priority list. Other 
priority factor may be considered as well. Such as appliances 
that are larger, newer, or more critical. In block 432, the 
blade positions of adjustable dampers in the exhaust ducts 
from each appliance are set in order to adjust the draft from 
individual appliances. Typically, appliances located closer to 
a vertical stack or chimney experience greater draft. There 
fore, the dampers connected to the appliances in these 
locations may be adjusted by more greatly restricting 
exhaust flow from the appliances to account for this phe 
nomenon. Also, block 432 may further include setting the 
blade position of a modulating damper inducts receiving the 
air from the exhaust ducts in order to adjust the draft from 
all appliances. 

0099 FIG. 5 is a flow chart of an embodiment of a 
fan-rotation-check routine. The rotation of three phase fans 
may be checked during set-up of the exhaust system or 
mechanical draft system in order to ensure that the fans are 
wired to the power source correctly. If the terminals from the 
power source are reversed, the fan will rotate in a direction 
opposite from the desired direction, causing the flow of air 
to be forced in an undesirable manner. When the pressure 
and combustion controller receives a signal to initiate the 
fan-rotation-check routine, then the procedure, such as the 
one shown in FIG. 5, is executed. 

0.100 The procedure for checking the rotation of the fans 
includes connecting the fans to the power source, as indi 
cated in block 500. After the connections are made, block 
502 includes Supplying a low power signal to the fans to 
cause the fans to rotate at a very slow speed. In block 504, 
the installer may visually inspect the fans to see the direction 
of rotation. In decision block 506, the installer determines 
whether or not the direction of rotation is correct. If not, then 
flow proceeds to block 508, which involves instructing or 
prompting the installer to change the power source connec 
tions leading to the fans. After changing the power termi 
nals, the procedure may end or alternatively may return back 
to block 502 for rechecking. If it is determined in decision 
block 506 that the fans are rotating correctly, then the fan 
rotation check routine ends. Another advantage of running 
the fan-rotation-check routine during set-up is that the 
slower fan speeds are safer for the installers. 

0101 FIG. 6 is a flow chart illustrating an embodiment of 
a routine performed by the pressure and combustion con 
troller after set-up and during normal operation of the 
exhaust system or mechanical draft system. Block 600 
indicates that the differential pressure is checked intermit 
tently and the operation of the fans is also checked. In 
decision block 602, it is determined whether or not the 
differential pressure is within an adequate range and whether 
or not the fans are operating properly. If so, the routine is 
directed to block 604 in which the speed of the fans is 
maintained. With the fan speeds maintained, flow returns to 
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block 600 for intermittent checking. If it is determined in 
decision block 602 that the differential pressure exceeds a 
predetermined threshold or the fans are not operating accept 
ably, then flow proceeds to decision block 606. 

0102) In decision block 606, the specific problem is 
identified by determining whether the exhaust fan is fine. If 
not, block 608 is conducted in which a priority sub-routine, 
such as the routine defined in FIG. 7, is run. Flow then 
returns to block 600 for continued monitoring. If the prob 
lem identified in block 606 is not the fans, then it is 
determined that the differential pressure is actually the 
problem. At this point, flow proceeds to decision block 610 
for determining whether the out-of-range differential pres 
Sure is an excessive positive differential pressure or an 
excessive negative differential pressure. It should be noted 
that, in this embodiment, the pressure measured inside the 
mechanical room is connected to a negative terminal (or 
reference terminal) of a transducer and the pressure mea 
Sured in the atmosphere is connected to a positive terminal 
of the transducer. However, the connections of the pressure 
measurements to the terminals of the transducer may be 
reversed if desired, and the proper response according to this 
routine is carried out. 

0103) If it is determined in block 610 that a positive 
differential pressure is present, thereby indicating that the 
pressure inside the mechanical room is significantly greater 
than the atmospheric pressure, then flow proceed to block 
612. In block 612, the speed of the exhaust fan is increased 
and/or the speed of the intake fan is decreased in an attempt 
to equalize the pressure in the mechanical room. From this 
point, flow returns to block 600 for again intermittently 
monitoring the exhaust system. If it is determined in block 
610 that a negative differential pressure exists, indicating a 
pressure inside the mechanical room significantly less than 
the atmospheric pressure, then the procedure flows to block 
614. In block 614, the speed of the exhaust fan is decreased 
and/or the speed of the intake fan is increased. Furthermore, 
block 614 may include adjusting the dampers to more 
greatly restrict the exhaust from the individual appliances 
and/or from all appliances. The routine then returns to block 
600 for continuous intermittent monitoring. 

0104 FIG. 7 is a flow chart illustrating an embodiment of 
a procedure for running a priority Sub-routine in the situation 
when the differential pressure is determined to be outside of 
an acceptable range and the exhaust fan cannot provide 
adequate draft. Insufficient draft may be caused by the 
exhaust fan not operating properly or when the speed of the 
exhaust fan has reached its maximum speed and a request for 
a greater speed is called for. In Such situations, the appli 
ances are shut down, and a priority list, which is established 
during system set-up as described above, may then be used 
to establish which appliance is turned on first, provided that 
the chimney is capable of naturally exhausting air with an 
inadequate exhaust fan. If adequate draft can be maintain 
after restarting the first appliance on the priority list, then the 
second appliance on the list is turned on. This procedure is 
repeated until the greatest number of appliances has been 
turned on while a natural draft can be maintained in the 
chimney. Reference is now made to the flow chart of FIG. 
7. 

0105. In block 700, when sufficient draft cannot be main 
tained and the differential pressure is outside acceptable 
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levels, the appliances are shut down. In block 702, only the 
first appliance on the priority list is allowed to run. In block 
704, after the appliance has run for a short amount of time, 
the differential pressure is checked again to determine if the 
chimney provides an adequate natural draft. In decision 
block 706, it is determined whether or not the differential 
pressure is within an acceptable range. If it is, the next 
appliance on the priority list is allowed to operate, as 
indicated in block 708, and flow returns to block 704 to 
recheck the differential pressure. Blocks 704, 706, and 708 
are repeated until it is determined that the differential 
pressure is determined to be unacceptable in decision block 
706. In this case, the appliance on the priority list that was 
added last is shut down, as indicated in block 710. 

0106. In decision block 712, the priority procedure deter 
mines if the exhaust fan is working. If not, then the differ 
ential pressure is checked again in decision block 714. As 
long as the pressure is determined to be fine, the appliances 
turned on in the exhaust system are allowed to run and the 
exhaust fan is checked until it is working again. If the 
pressure is determined to be unacceptable in block 714, the 
latest-added appliance on the priority list is turned off in 
block 710. Once it is determined that the exhaust fan is 
working in decision block 712, all of the appliances may be 
turned on, as indicated in block 716, and the priority 
Sub-routine ends. 

0.107 FIG. 8 is a flow chart illustrating an embodiment of 
a bearing cycle routine. A bearing cycle is a cycle of turning 
the fans on during periods of appliance inactivity. For 
instance, when heating appliances are not used for long 
periods of time, Such as during warm Summer months, the 
bearing cycle operates the fans for a predetermined amount 
of time, preferably at a low speed, such as 25% capacity, 
after a certain period of inactivity. The bearing cycle thus 
works the bearings of the fans in order to keep the fans from 
becoming rusty or locking up. 

0108. The bearing cycle procedure contains block 800, 
which includes resetting a timer that is used to determine a 
continuous length of time that the appliances are not run 
ning. In block 802, the appliances are checked to determine 
whether or not they are running. In decision block 804, if the 
appliances are running, they are intermittently checked 
again in block 802 until they are shut down. When the 
appliances are shut down, the timer is started, as indicated in 
block 806, to time the length of inactivity. If it is determined 
in decision block 808 that a predetermined time period has 
elapsed, indicating an extended period of inactivity, then the 
fans are turned on for a certain amount of time, as indicated 
in block 810, to adequately work the bearings of the fans. If 
the predetermined time period has not elapsed in block 808, 
then flow proceeds to decision block 812 in which it is 
determined whether or not the appliances have been called 
back into service. If they are, then flow returns to block 800 
to restart the timer and repeat the process. If the appliances 
remain off, then the timer continues to run until the prede 
termined time period has elapsed in block 808. 

0109 FIG.9 depicts a flow chart of an embodiment of a 
sequencing subroutine 900 that may be used in conjunction 
with the described mechanical draft system. Such sequenc 
ing blocks may, for example, be executed by processor 200 
of pressure and combustion controller 124. At block 902, a 
signal is received from a remote device which can be used 
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for determining a change in an operating characteristic of the 
system. For example, Such operating characteristics may be 
a change in total system demand, a change in emissions 
output, or a change in efficiency. For example, Such a signal 
may be transmitted from a building management system, an 
appliance, a fan, or one or more sensors. The signal could, 
for example, be a pressure reading, a call for heat, an 
emissions reading, an equipment alarm, an equipment fail 
ure, a measurement of efficiency, or any other signal to the 
controller that indicates (or could be used to indicate) a 
change in the active number or identity of appliances is 
needed. Such a change could include an increase or decrease 
in the number of appliances, or a change in the identity of 
the operating appliances to meet one or more desired system 
objectives. In one embodiment, the desired system objective 
is meeting a total system demand. However, system objec 
tives may vary and could be also be, for example, meeting 
a desired efficiency or emissions output, for example. 

0110. At step 904, it is determined whether the system 
operating characteristics have changed such that a different 
quantity or identity of appliances are needed to meet the 
objective based on the received signals. If the characteristics 
have not changed enough to warrant a change in the acti 
vated appliances (the NO condition), the signals are con 
tinuously monitored at block 902 until such a change occurs. 

0111 However, if the operating characteristics have 
changed (the YES condition), it is determined whether all 
available appliances are needed to satisfy the desired system 
objective at block 906. For example, the system may deter 
mine that all appliances should be activated to operate at the 
desired system efficiency or to meet a desired demand. If all 
available appliances in the system are required to meet the 
system objective (the YES condition), all of the appliances 
are activated through their communications interface with 
appliance controller 210 and/or relay board 212 of pressure 
and combustion controller 124. In this case, no further 
sequencing decisions are required. 

0112 However, if less than all of the available appliances 
are needed to meet the system objective (the NO condition), 
the sequencing algorithm may perform a number of 
sequencing decisions. For example, at block 910, the num 
ber of appliances needed to meet the indicated exhaust 
system objective is determined. In addition to determining 
the total appliances needed to meet the demand, this step 
may also include calculating how many appliances need to 
be activated or deactivated to reach the total. The step of 
determining the number of appliances needed to meet the 
objective may be programmable, and may, for example, be 
determined using collected data (e.g. from the received 
signal) and a look up table, a calculation, or one or more 
thresholds. 

0113 At block 912, the identity of the appliances to be 
activated or deactivated may also be determined based on 
programmable settings, appliance specifications, and/or his 
torical appliance operational data. For example, the appli 
ance identities may be advantageously selected to equalize 
their use over a period of time, increase efficiency, and/or 
increase performance. Accordingly, at block 914, the iden 
tified appliances are activated or deactivated are through 
their respective communications interface with appliance 
controller 210 and/or relay board 212 of pressure and 
combustion controller 124. 
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0114. The flow charts of FIGS. 4-9 show the architecture, 
functionality, and operation of possible implementations of 
the mechanical draft system control software. In this regard, 
each block represents a module, segment, or portion of code, 
which comprises one or more executable instructions for 
implementing the specified logical functions. It should also 
be noted that in some alternative implementations, the 
functions noted in the blocks may occur out of the order 
noted in the figures. For example, in the set-up routine of 
FIG. 4, two blocks shown in succession may in fact be 
executed substantially concurrently or the blocks may be 
executed in the reverse order, depending upon the specific 
functional programming involved. 
0115 The mechanical draft system control programs, 
which comprise an ordered listing of executable instructions 
for implementing logical functions, can be embodied in any 
computer-readable medium for use by an instruction execu 
tion system, apparatus, or device. Such as the processor 200 
or other Suitable computer-based system, processor-con 
trolled system, or other system that can fetch the instructions 
from the instruction execution system, apparatus, or device 
and execute the instructions. In the context of this document, 
a "computer-readable medium' can be any medium that can 
contain, store, communicate, propagate, or transport the 
program for use by the instruction execution system, appa 
ratus, or device. The computer-readable medium can be, for 
example, an electronic, magnetic, optical, electromagnetic, 
infrared, or semiconductor system, apparatus, device, or 
propagation medium. More specific examples of the com 
puter-readable medium include the following: an electrical 
connection having one or more wires, a portable magnetic 
computer diskette, a random access memory (RAM), a 
read-only memory (ROM), an erasable programmable read 
only memory (EPROM or Flash memory), an optical fiber, 
and a portable compact disc read-only memory (CDROM). 
In addition, the scope of the present disclosure includes the 
functionality of the herein-disclosed embodiments config 
ured with logic in hardware and/or software mediums. 
0116. It should be emphasized that the above-described 
embodiments are merely examples of possible implementa 
tions. Many variations and modifications may be made to the 
above-described embodiments without departing from the 
principles of the present disclosure. All Such modifications 
and variations are intended to be included herein within the 
scope of this disclosure and protected by the following 
claims. 

1. At least the following is claimed: 1. A mechanical draft 
system comprising: 

a pressure controller including a wireless interface for 
communicating to at least one pressure sensor, a plu 
rality of exhaust producing appliances, and an exhaust 
fan, the pressure controller configured to: 
control the speed of the exhaust fan to draw air from an 

exhaust duct of each of the appliances in response to 
a pressure reading provided by the at least one 
pressure sensor; 

control the operation of each of the plurality of appli 
ances, the operation providing programmable 
sequenced operation; and 

an auxiliary computing device in communication with the 
pressure controller. 
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2. The system of claim 1, wherein the auxiliary computing 
device is further configured to: 

receive operational data transmitted from the pressure 
controller; 

indicate a system condition by comparing the operational 
data to a predefined threshold; and 

provide remote access to the pressure controller. 
3. The system of claim 1, wherein the auxiliary computing 

device transmits remote configuration settings of the pres 
Sure controller over the communication interface. 

4. The system of claim 1, wherein the auxiliary computing 
device is configured to receive operational data transmitted 
from the pressure controller and indicate an alarm condition 
by comparing the operational data to a predefined threshold. 

5. The system of claim 1, wherein the pressure controller 
is configured to transmit operational data to the auxiliary 
computing device. 

6. The system of claim 1, wherein the operational data is 
at least one of an alarm, a fan speed, or the pressure reading. 

7. The system of claim 1, wherein the auxiliary computer 
is configured to provide remote access to the pressure 
controller. 

8. The system of claim 1, wherein the wireless interface 
comprises at least one wireless transceiver. 

9. The system of claim 1, wherein the programmable 
sequenced operation includes specifying a quantity of the 
plurality of appliances to be operational based on predeter 
mined conditions. 

10. The system of claim 1, wherein the programmable 
sequenced operation includes selectively identifying the 
appliances to be activated or deactivated. 

11. A mechanical draft system comprising: 
a pressure controller for controlling the flow of air 

through an exhaust duct, the pressure controller com 
prising: 

a processor configured to control the operation of a 
plurality of appliances, the speed of an intake fan, 
and the speed of an exhaust fan in response to a 
differential pressure signal. 

12. The mechanical draft system of claim 11, wherein the 
pressure controller further comprises a communication inter 
face for communication with an auxiliary computing device. 

13. The mechanical draft system of claim 11 further 
comprising: 

a first pressure sensor located inside an enclosed area 
configured to wirelessly transmit a first pressure read 
ing of the enclosed area; and 

a second pressure sensor located outside of the enclosed 
area configured to wirelessly transmit a second pressure 
reading: 

wherein the pressure controller is configured to wirelessly 
receive the first and second pressure readings and the 
processor determines the differential pressure signal 
from the first and second pressure readings. 

14. The mechanical draft system of claim 11 further 
comprising: 

an intake fan configured to wirelessly receive a first fan 
rotation setting transmitted from the pressure control 
ler, and 
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an exhaust fan configured to wirelessly receive a second 
fan rotation setting transmitted from the pressure con 
troller. 

15. The mechanical draft system of claim 11, wherein the 
processor is further configured to provide programmable 
sequenced operation by selectively identifying the appli 
ances to be activated or deactivated based on programmable 
conditions. 

16. The mechanical draft system of claim 11, further 
comprising an auxiliary computing device in communica 
tion with the pressure controller, the auxiliary computing 
device configured to receive operational data transmitted 
from the pressure controller. 

17. The mechanical draft system of claim 15, wherein the 
auxiliary computing device is further configured to indicate 
a system condition by comparing the operational data to a 
predefined threshold. 

18. The mechanical draft system of claim 11, further 
comprising: 

an auxiliary computing device in communication with the 
pressure controller, the auxiliary computing device 
configured to remotely transmit pressure controller 
configuration settings to the pressure controller. 

19. A method for controlling the operation of a plurality 
of combustion appliances, the combustion appliances 
capable of being independently operated to meet an exhaust 
system objective: 

receiving a signal from a remote device; 
determining that less than each of the plurality of com 

bustion appliances are required to meet the system 
objective based on the signal; 

identifying at least one of the plurality of combustion 
appliances to be operated to meet the system objective; 

activating the identified at least one combustion appli 
ance, 

adjusting the flow of exhaust drawn from ducts connected 
to each of the activated appliances by controlling the 
rotational speed of an exhaust fan. 

20. The method of claim 19, wherein the step of selecting 
the plurality of appliances comprises: 

selectively identifying the appliances to be activated or 
deactivated based on a programmed setting, appliance 
specifications, or historical appliance operational data. 

21. The method of claim 19, wherein the step of receiving 
a signal from the remote device includes: 

receiving the signal from a sensor; or 
receiving the signal from a building management com 

puter. 
22. A mechanical draft system comprising: 
a controller for controlling the flow of air through an 

exhaust duct, the controller comprising: 
a processor configured to control the operation of a 

plurality of appliances and to control the flow of air 
through the exhaust duct in response to a measure 
ment of the amount of oxygen in the air in the 
exhaust duct. 

23. The mechanical draft system of claim 22, wherein the 
controller is configured to modulate at least one of a damper 
position and a fan speed to control the flow of air through the 
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exhaust duct based on the measurement of the amount of 
oxygen in the air in the exhaust duct. 

24. The mechanical draft system of claim 23, wherein the 
amount of oxygen is measured by an oxygen sensor located 
in a respective exhaust duct of each of a plurality of 
appliances. 

25. The mechanical draft system of claim 24, further 
comprising a damper in the exhaust duct of each of the 
plurality of appliances. 

26. The mechanical draft system of claim 25, wherein the 
processor modulates a damper position of each of the 
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dampers in response to a measurement of the amount of 
oxygen in the air of each of the exhaust ducts of the plurality 
of appliances. 

27. The mechanical draft system of claim 22, wherein the 
amount of oxygen is measured by an oxygen sensor located 
in an exhaust duct common to each of a plurality of 
appliances. 

28. The mechanical draft system of claim 22, wherein the 
amount of oxygen is measured by an oxygen sensor located 
in a respective exhaust duct of each of a plurality of 
appliances. 


