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(57) Abrégé/Abstract:

A variable flow device includes a body supporting a first orifice and a second orifice, and a drive mechanism. The variable flow
device further includes a first valve actuator coupled to the drive mechanism and linearly shiftable between a first open position and
a first closed position, the first valve actuator incorporates a first valve stem including a first conical portion sized to symmetrically
engage the first orifice when the first valve stem is shifted to the first closed position, and a second valve actuator coupled to the
drive mechanism and linearly shiftable between a second open position and a second closed position, the second valve actuator
incorporates a second valve stem including a second conical portion sized to symmetrically engage the second orifice when the
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second valve stem is shifted to the second closed position

50 rue Victoria ¢ Place du Portage 1 ® Gatineau, (Québec) KI1AOC9 e www.opic.ic.gc.ca
50 Victoria Street e Place du Portage 1 ® Gatineau, Quebec

noes < e Canada

CA 2863142 C 2020/02/04

neEn 2 863 142

(12 BREVET CANADIEN
CANADIAN PATENT



wo 2013/116334 A1 |[IN I/ N0F 0000 O

(43) International Publication Date

CA 02863142 2014-07-29

Organization
International Bureau

—~
é

=

\

8 August 2013 (08.08.2013)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

(10) International Publication Number

WO 2013/116334 Al

WIPOIPCT

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
1

74

International Patent Classification:
GO5SD 16/20 (2006.01) F16K 31/04 (2006.01)
F16K 11/16 (2006.01)

International Application Number:
PCT/US2013/023842

International Filing Date:
30 January 2013 (30.01.2013)

(81) Designated States (uniess otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
Bz, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,

Filing Language: English RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
Publication Language: English IM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
IM, ZW.
Priority Data: . S
13/362.118 31 January 2012 (31.01.2012) ys (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
Applicant (for all designated States except US): GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
SIEMENS INDUSTRY, INC. [US/US]; 3333 Old Milton UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
Parkway, Alpharetta, Georgia 30005-4437 (US). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
Inventors; and EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
. . . MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
Applicants (for US only): SCHULER, Michael S.
: . L TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
[US/US]; 5647 N. Mason, Chicago, Illinois 60046 (US). ML, MR, NE, SN, TD, TG)
CHAPOVALOYV, Dmitri [US/US]; 318 N. Lincoln Ave., ’ T T ’
Park Ridge, Illinois 60068 (US). Published:

Agents: BURTON, Thomas J. et al.; Siemens Corpora-
tion, Intellectual Property Dept., 170 Wood Avenue South,
Iselin, New Jersey 08830 (US).

with international search report (Art. 21(3))

(54) Title: VARIABLE FLOW RATE ANALOG OUTPUT PNEUMATIC (AOP) TRANSDUCER

¥
(=3 !

(o0

30

W///

7] ALATURWEAARIRAA VAV RS

e

X

(57) Abstract: A variable flow device includes a body supporting a first orifice and a second orifice, and a drive mechanism. The
variable flow device further includes a first valve actuator coupled to the drive mechanism and linearly shiftable between a first open
position and a first closed position, the first valve actuator incorporates a first valve stem including a first conical portion sized to
symmetrically engage the first orifice when the first valve stem is shifted to the first closed position, and a second valve actuator
coupled to the drive mechanism and linearly shiftable between a second open position and a second closed position, the second
valve actuator incorporates a second valve stem including a second conical portion sized to symmetrically engage the second orifice
when the second valve stem is shifted to the second closed position
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VARIABLE FLOW RATE ANALOG QUTPUT
PNEUMATIC (ACP) TRANSDUCER

TecHNICAL FIELD

o001} This patent document generally relates o fluid flow rate conirol and
specifically to fluid flow rate control via a variable flow rate device configured fo

produce an analog fluid output,
BACKGROUND

10602] Conventional flow regulators and transducers provide and maintain a
constant flow rate independent of changes in the pressure at measured at either the
inlet or the outlet. To maintain the desired flow rate, conventional flow regulaiors
and transducers incorporate a fixed orifice calibrated to the desired flow capacity
{gallons per minute (gpm), liters per minute (/min.) or standard cubic inches per
minute (SCIM)). Because sach orffice is calibrated to a specific flow rale, itis
necessary {0 select and employ a new orifice in order to maodify the flow rate for a
given application.

[0003] I operation, these known flow regulators and transducers convert a
voltage or current signal into a corresponding air pressure at the specified flow rate
dictated by the orifice. Flow regulators and transducers controlied in this manner are
effective across a limited range of pressures. Cutside of this limited range, known
flow regulators and transducers experience oscillation and overshoot due (o the fast
switching between off and on required for conirol.

[a0a4] The necessity of maintaining and storing multiple flow regulators and
transducers required to cover a wide operational range increases the cost of

ownership and carrying costs incurred by the user.
SUMMARY

[8005] This patent document discloses muktiple embodiments and configurations
of flow regulators and transducer modules configured according to the inventive
principles described herein. This patent document further discloses methods and

configurations for controlling and operating the flow regulators and transducer

1
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modules configured according to the inventive principles described herein. iIn one
embodiment, a variable flow rate analog output pneumatic (AQOP} transducer
(referred {o herein as g “variable airflow module™ is disclosed. In this exemplary
embodiment, the variable flow rate AOP transducer or variable airflow module is
configured to provide variable or adjustable fluid flow control over a range of
pressures. An exemplary variable airflow module may include, among other things,
a housing siructure, a pneumatic subassembly and an eleclronic subassembly. The
pneumatic subassembly may be implemented utilizing either a linear stepper molor
configuration or a cam and servo configuration 1o drive a linear actualing pin
controlling a pair of airflow valves. The electronic subassembly may be configured (o
provide the control signals and commands generalad by processor executable
instructions. The variable airflow modules may be operated as a component of a
closed loop process.

[0006] In one embodiment, an exemplary variable airflow module includes a
pricumatic subassembly that utilizes a linear stepper motor to drive & linear actuating
pin configured o alternately engage and control the position of a supply actuator and
a exhaust {or bleed) actuator as directed by control signals and commands provided
by the electronic subassembly. For example, the lingar actuating pin can include a
nost extending through the pin body or a flange encircling the pin body., The post or
flange may be aligned {o allernalely engage a valve stem portion of the air supply
actuator and/or a valve stem portion of the exhaust acluator. Each valve stem
includes a conical portion sized o linearly engage and symmetrically cooperate with
an orifice. The orifice may be designed and configured to seal against air and other
fluid flow when engaged against an outer surface of the conical portion. in
operation, the cooperation of the orifice and conical portion of the vaive stem can
change or alter the flow area of the orifice and thereby change the flow rate. By
changing the flow rate with respect to sither the supply port (via the supply acluator)
or exhaust port {via the exhaust port actuator) in this manner, the resulting flow
through the return port can be varied over a wide range of pressurss in order {0
correspondingly control the movement of a pnesumatic actuator portion of, for
gxample, an air damper, a valve or similar device configured o control the flow of

fiuid through a duct or channel

Y
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[8007] In yet anocther embodiment, the pneumatic subassembly utifizing a linear
stepper motor and linear acluating pin can be replaced with a pneumatic
subassembly utilizing a servo motor and cam configuration. The cam can include an
appropriate dwell portion corresponding to both air supply and exhaust valves and
valve stems in a closed position,; an exhaust portion corresponding to the exhaust
valve and valve stem in an open position; and a supply portion corresponding to the
supply valve and valve stem in an open position. The transition of sach valve stem
from the closed position to the open posilion may be a gradual one. In this
embodimant, the air supply and exhaust valve stems are biased in contact with the
cam such that rotational movement by the cam produces linear motion in the valve
stems.

[60068] In one embodiment, a variable flow device includes a body supporting a
first orifice and a second orifice, a drive mechanism. The variable flow device
includes a first valve actuator coupled to the drive mechanism and linearly shiftable
between a first open position and a first closed position, the first valve actuator
further having a first valve stem including a first conical portion, wherein the first
conical portion is sized to symmetrically engage the first orifice when the first valve
stem is shifted {o the first closed position, and a second valve actuaior coupled to the
drive mechanism and linearly shiftable between a second open position and a
sacond closed position, the second valve actuator having a second valve stem
including a second conical portion, wherein the second conical portion is sized {o
symmeitrically engage the second orifice when the second valve stem is shifted to
the second closed position, and wherein the drive mechanism is configured {o direct
the first valve stem portion 1o conirol the first valve actuator and the second valve
siem portion o conirol the second valve actuator.

[0009] In vet another embodiment, a variable flow device includes a body having
a first orifice and a second orifice, wherein the first orifice is in fluid communication
with the second orifice via a fluid chamber, means for translation of a drive pin
between a first position and a second position, wherein the drive pin includes an
actuating post extending substantially orthogonal from an outer surface of the drive
pin, a first valve actuator including a first valve stem configured o symmetrically
engage the first orifice, wherein the first valve stem is shiftable relative o the first

orifice in response to the translation of the acluating post substantially adjaceni to
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the first position, and a second valve actuator including a second valve stem
configured to symmetrically engage the second orifice, wherein the second valve
stem is shiftable relative to the second orifice in response to the translation of the

actuating post substantially adjacent to the second position.

[0010] In another embodiment, a method for variable flow control of a fluid to an
actuator by a transducer device including a body having a first orifice in fluid
communication with a supply port, and a second orifice in fluid communication with
an exhaust port, wherein the first orifice is further in fluid communication with the
second orifice via a fluid chamber having a fluid output port is disclosed. The method
includes receiving an electrical signal representative of a pressure set point,
calculating, in response to the received electrical signal, a flow rate corresponding to
the pressure set point, generating a position signal that corresponds to the flow rate
associated with the pressure set point, selecting one of a first valve actuator and a
second valve actuator as an active valve actuator, wherein the first valve actuator is
arranged to selectively engage the first orifice and wherein the second valve actuator
is arranged to selectively engage the second orifice, and positioning, in response to
the generated position signal, a conical portion of the selected active valve actuator
adjacent to one of the first or second orifices, wherein the conical portion and the

orifice cooperate to define a flow area corresponding to the flow rate.

[0010a] According to one aspect of the present invention, there is provided a
variable flow device comprising: a body in an air damper, the body supporting a first
orifice and a second orifice, the first orifice being an air supply orifice connected with
an air supply and the second orifice being an exhaust orifice connected to exhaust to
atmosphere, the body configured to connect the air supply orifice and the exhaust
orifice with a duct of the air damper; a drive mechanism configured to control air flow
to the duct: a first valve actuator coupled to the drive mechanism and linearly
shiftable between a first open position and a first closed position, the first vailve
actuator comprising: a first valve stem including a first conical portion, wherein the

first conical portion is sized to symmetrically engage the first orifice when the first

4
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valve stem is shifted to the first closed position; and a second valve actuator coupled
to the drive mechanism and linearly shiftable between a second open position and a
second closed position, the second valve actuator comprising: a second valve stem
including a second conical portion, wherein the second conical portion is sized to
symmetrically engage the second orifice when the second valve stem is shifted to the
second closed position; and wherein the drive mechanism is configured to direct the
first conical portion to control the first valve actuator and the second conical portion to
control the second valve actuator, the drive mechanism being responsive to a

building automation controller.

[0010b] According to one aspect of the present invention, there is provided a
variable flow device comprising: a body having a first orifice and a second orifice,
wherein the first orifice is in fluid communication with the second orifice via a fluid
chamber; a motor for translation of a drive pin between a first position and a second
position, wherein the drive pin includes an actuating post extending substantially
orthogonal from an outer surface of the drive pin; a first valve actuator including a first
valve stem configured to symmetrically engage the first orifice, wherein the first valve
stem is shiftable relative to the first orifice in response to the translation of the
actuating post substantially adjacent to the first position; and a second valve actuator
including a second valve stem configured to symmetrically engage the second orifice,
wherein the second valve stem is shiftable relative to the second orifice in response
to the translation of the actuating post substantially adjacent to the second position;
wherein the motor comprises a drive shaft extending parallel to the first and second
valve actuators and connecting with the drive pin, which is inline with the drive shaft
so also parallel with the first and second valve actuators, and the actuating post is a
single post with two opposite sides, a first of the opposite sides for contacting the first

valve stem and a second of the opposite sides for contacting the second valve stem.

[0010c] According to one aspect of the present invention, there is provided a
method for variable flow control of air in an air damper by a transducer device

including a body having a first orifice in fluid communication with a supply port, and a

4a
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second orifice in fluid communication with an exhaust port, wherein the first orifice is
further in fluid communication with the second orifice via a fluid chamber having a
fluid output port, the method comprising: receiving an electrical signal representative
of a pressure set point of the air of the air damper, the electrical signal received from
a building automation controller; calculating, in response to the received electrical
signal, a flow rate corresponding to the pressure set point; generating a position
signal that corresponds to the flow rate associated with the pressure set point;
selecting one of a first valve actuator and a second valve actuator as an active valve
actuator, wherein the first valve actuator is arranged to selectively engage the first air
supply orifice with an air supply and wherein the second valve actuator is arranged to
selectively engage the second exhaust orifice to exhaust to atmosphere; and
positioning, in response to the generated position signal, a conical portion of the
selected active valve actuator adjacent to one of the first or second orifices, wherein
the conical portion and the orifice cooperate to define a flow area corresponding to

the calculated flow rate of the air damper.

[0011] Other embodiments are disclosed, and each of the embodiments can be
used alone or together in combination. The exemplary variable airflow module may
be or include an analog regulator that includes a mechanical pressure gauge. In
another embodiment, the exemplary variable airflow module may be or include an
analog regulator that includes a linear mechanical pressure gauge. In yet another
embodiment, the variable airflow module may be or include a digital regulator that
includes a light emitting diode (LED) array to indicate the pressure. Additional
features and advantages of the disclosed embodiments are described in, and will be

apparent from, the following Detailed Description and the figures.
BRIEF DESCRIPTION OF THE FIGURES

[0012] FIGS. 1A to 1C illustrate an embodiment of a variable airflow module
including a pneumatic subassembly and an electronic subassembly constructed

according to the present disclosure, where FIG. 1A depicts a top view of the variable

4b
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airfflow module, FIG. 1B depicts a side view of the variable airflow module, and FIG.
1C depicts another side view of the variable airflow module;

[6013] FIGS. 24 1o 2C illustrate another embodiment of g variable airflow module
including a pneumatic subassembly and an electronic subassembly construcied
according o the present disclosure;

[0014] FiG. 3 is a cross-sectional view of the variable airflow module including 3
linear stepper molor and linear acluating pin configuration of a pneumatic
subassembly {aken along the section line A-A as shown in FIGS. 1A and 24;

[8015] FiG. 4A and 48 are enlarged view of an exemplary valve actuator
configured for use 1o conirol air flow through the variable airflow module, the valve
actuator are shown in a closed position in FIG. 4A and an open position in FIG. 4B;
f60186] FIG. 5 is a cross-sectional view of an alternale configuration of the
variable airfiow module shown in FIGS. 1A and 2A including a serve motor and cam
configuration of a pneumatic subassembly taken along the section line A-A shown in
FIGS. 1A and 24,

[8017] FiG. 6 illustrates an exemplary controls architeciure that may be
implemented in conneclion with one or more of the disclosed variable airflow
modules and pneumatic configurations;

[6018] Fiz. 7 dlustrates an exemplary process controller configured according to
the present disclosure;

[8019) FIG. 8 fllustrates an exemplary process control loop configured according
to the present disclosure; and

[8020] Fi. 9 is an exemplary intermnal control process that may be implemented

by the controls architecture shown in FiG. 8.
DETAILED DESCRIPTION

[06021) The present disclosure relates (o a variable flow rale analog output
pneumatic (ADP) transducer (referred 1o herein as a “variable airflow module”) and
methods for controlling variable airflow valves. In particular, the present disclosure
relates {o a double acting airflow control device that utilizes a single means for
posilioning and translation to drive and control a first valve actuator and a second
valve actuator. In one embodiment, the means for positioning and translation may

include a linear stepper motor configured o position an actualing or drive pin that

5
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mechanically engages and drives valve stems integral to each of the valve actuators.
in another embodiment, the means for positioning and translation may include a
servo motor and rotary cam configured o cooperate and engage with the spring-
loaded and extended valve stems. [n another embodiment, each of the valve stems
includes or carries a conical portion sized to symmetrically engage a complimeniary
orifice. in operation, the linear position of the conical portion relative o the orifice
determines the size (i.e., the arsa) of the flow path defined there between. By
altering the size of the flow path, the flow rate may be adjusted and conirolled in
response o a wide range of inpul pressures.

{0022} FIGS. 1A 1o 10 illustrate an embodiment of a variable airflow module 100
constructed according to the present disclosure. FiG. 1A depicts a top view of the
varigble airflow module 100, FIG. 1B depicts a side view of the variable airflow
module 100, and FIG. 1C depicts another side view of the variable airflow moduie.
The variable airflow module 100 includes a housing 102 and a base 104, The base
104 may be manufactured to engage a Deutsches Institut fir Normung (DiN})
compatible rall 108 configured in compliance with, for example, the applicable
international Electrotechnical Commission {(IEC) standard. For example, [EC
Standard 80715 specifies the dimensions and layout for a mechanical support
designed to carry electrical devices. The housing 102 includes and supporits a retumn
or sutput port 108, a supply port 110 and an exhaust or bleed port 112, Both the
return and supply ports 108 and 110 may be a 7 outer diameter (OD) barbed port
sized to couple with, for example, flexible air and other fluid tubing. The exhaust port
112 {which in one embodiment exhausts air or other fluids to the almosphere) may,
in this exemplary embodiment, include an exhaust muffier configured to reduce
axhaust noise levels {o the atmosphere in compliance with Occupational Safety and
Health Administration (OSHA) requirements for workplace safety and health. As
discussed in further detail herein, the variable airflow module 100 selectively conirols
the air or other fluid supplied o the supply port 110 and exhausted through exhaust
or bleed port 112 in order o regulate the fluid flow and pressure through the returmn or
ouiput port 108 o a connecled pneumatic actuator.

[08023] The housing 102 may further support an input 114 such as a terminal
block or connector. The input 114 may be a plug-in terminal biock including a

pluralily of terminal block conneciors 114a o 1141 configured o accept and establish
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a wired connection. For example, the wired connections may include, for example, a
24-volt (V) alternating current (VAC) power input 1141, a digital cutput 114a; an
analog set point input 114b; and a analog feedback voltage 114c. The digital output
114 may be utilized 1o indicate whether the variable airflow module 100 is operating
according to a manual input or an automatic input (see conirol 118b). For example,
if the digital output 1143 is set to off (which may be a logical zerg (0) value), the
variable airflow module 100 operates according to an automatic input {e.g.,
corresponding to a setting of control input 118b). Conversely, if the digital output
1144 is set 1o on, the variable airflow module 100 operates according {6 a manual
input {e.g., corresponding 1o another setting of control input 118b). The analog set
point input 114b may accept, for example, a direct current voltage (VBC) range of O
to 10 VDO representing a pressure range of § to 20 pounds per sguare inch gauge
(PSIG) or relative pressure; or a direct current range of 4 to 20 milliamps {(mA)
representing a pressure range of 3 o 15 PSIG and providing input power. The
analog feedback may be utilized 1o provide a range of 0 to 5 VDC representing a
pressure range of 0 to 20 PSIG.

[8024] A top surface 116 of the housing 102 may support a plurality of control
inputs 118a to 118e (generally identified by the reference numeral 118}, Inone
embodiment, the control input 118a may select or swilch the operation of the
variable airflow module 100 between a voltage input and a current input. Similarly,
the control input 118b may switch variable airflow module 100 betwesn manual and
automatic operation. The control input 118¢ may be g pot or knob for manual
adjustment of a desired flow rate threshold or level. The controf input 118d
determines the action of the variable airflow module 100 in the event of a failure. For
axample, the controt input 118d may, in the event of a failure, direct the variable
airfiow moduie 100 lo either hold the current pressure or dump the pressure o
atmosphere via the exhaust or bleed port 112. The conirol input 118e may be used
to manually adjust the oufput flow rate between, for example, an operating range of
3% to 100%. The top surface 116 many further include an operating pressure scale
120. The operaling pressure scale 120 may cooperate with the drive mechanism
350 and an indicating portion 314 of the actuating post 310 to mechanically register

the pressure on the operaling pressure scale 120 (see FIG. 3).
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[0025] FIGS, 2A to 2C dllustrale an alternate embodiment 1007 of the variable
airflow module 100, FIG. 2A, similar to FIG. 1A, depicts a lop view of the allernate
variable airflow module, FIG. 2B depicls a side view of the variable airflow module,
and FIG. 2C depicts another side view of the variable airflow module. The top
surface 116 of the variable pressure airflow module 100" may include & mechanical
pressure gauge 200 having, for exampls, a range betwsen 0 and 30 PSi and/or  to
200 kilopascals (kPa).

[0028] FIG. 3 is a sectional view of the variable airflow module 100 taken along
the section line A-A lHlustrating an exemplary pneumatic subassembly 300 utilizing &
finear drive mechanism. The exemplary pneumatic subassembly 300 includes a
body 302 coupled to and supporting a printed clreuit board (PCB) 304, The PCE 304
may support and electrically couple the hardware and control modules discussed
and described in connection with FIGS. 6 and 8. In one embodiment, the body 302
may support an actuating pin 306. The acluating pin 306 may be incrementally and
continuously translated horizontally relative to a central axis 301 of the body 302,
representing & neulral position between a first position and a second position. The
first position may coincide with a first valve actuator 308 in a full open position and a
second valve actuator 310 in a full closed (ses FIG. 4A) position. The second
position may coincide with the second valve actuator 310 in a full open position {(see
FIG. 4B) and the first valve actuator 308 in a full closed position. The actuating pin
306 may be positionad al any desired location between the first position and the
second position. In one embodiment, the actuating pin 306 may be positioned in a
neutral position that coincides with both actuators 308 and 310 in closed positions.
in order to alter or adjust the position of the individual valve actuators 308 and 310
{and the flow rate of air through the variable airflow module 100), the actuating pin
306 may include an actuating post 312 that extends from a central body or member
313 of the pin 306 into a fluid chamber 314 and aligns orthogonally to the
fongitudinal axis of the body 313 of the actuating pin 306. The actuating post 312
includes the indicator portion 316 arranged to cooperate with the operating pressure
scale 120 (see FIG. 1). The aclualing post 312 further includes an aciuating portion
318 arranged and aligned to cooperate with pistons or valve stems 320 and 322 of
the first and second valve actuators 308 and 310, respectively. in one embodiment,

the indicator portion 316 and the actualing portion 318 may be formed integral o the
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body 313 of the actuating pin 306. In another embodiment, the indicator portion 316
and the acluating portion 318 may be separale pins or posts coupled {o the body 313
of the actuating pin 306. In operation, movement of the actuating pin 306 within a
channel 315 (formed internally within the body 302 and substantially orthogonal o
the center longituding! axis 301 of the body 302} causes the indicator portion 316
and the actualing portion 318 1o translate relative to the central axis 301,

[0027] The actuator pin 306 may be coupled io the drive mechanism 350 at a first
end 306a. The drive mechanism 350 may be a linear stepper motor having an
exiendible drive or worm shaft 351 configured 1o incrementally transiate the actuator
pin 306 between the first position and the second position. In one embodiment, the
drive mechanism 350 may be a SAIAR JOHNSON ELECTRIC® type UAL stepper
motor having a drive shaft 351 with a 20 millimeter (mm) diameter and a 30 mm
length. In this exemplary embodiment, the drive mechanism 350 may be controlled
and driven by a model A4385 DMOS microstepping driver with translator and
overcurrent protection provided by ALLEGRO MICROSYSTEMS, INC.® (Bee FIG.
8}. The movement of the linear stepper molor causes the coupled drive shaft 351
and actuator pin 308, and the fixedly attached actuating portion 318 of the actuating
post 312, o linearly transiale relative (o the body 302 and the actuators 308 and 310.
The actualor pin 306 further includes a first O-ring 324 carried substantially adjacent
to the first end 306a. The first O-ring 324 cooperates with and provides sealing
contact between the actuator pin 306 and the body 302 o seal the fluid chamber 314
against undesirable fluid leaks at the first end 306a. A second O-ring 326 disposed
substantially adjacent to the second end 306b similarly seals the actuator pin 306
refative 1o the body 302 and the fluid chamber 314 {0 inhibit or prevent undesirable
fluid leaks.

[0028] In operation, the actuating portion 318 of the actuating post 312 selectively
engages one of the valve stems 320 of the first valve actuator 308 and the valve
stem 322 of the second valve actuator 310 o control the flow rate of fluid there
through. The configuration and operation of the first valve actuator 308 is mirrored
and complementad by the second valve actualor 310, In particular, the first valve
actuator 308 controls and adjusts the exhaust airflow within the chamber 314 in

couperation with the actuating portion 318 of the acluating post 312 and the drive
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mechanism 350 while the second valve actuator 310 controls and adjusis the supply
airflow within the chamber 314 in a similar manner.

[0029] FIGS. 4A and 4B are an enlarged view of the first valve actuator 308 in a
closed position (see FIG. 4A) and an open position {see FIG. 4B). Because the
structure of the first valve actuator 308 is mirrored in the structure of the second
valve actuator 310; only the configuration of the first valve actuator 306 will be
discussed in connection with FIGS. 4A and 4B, 1t should be understood that the
description of the first valve actuator 308 relates and describes the configuration and
operation of the second valve actuator 310, In operation, the movement of the first
and second valve actuators 308 to 310 is controlled by either embodiment of the
pneumatic subassembly 300, Thus, either the linear stepper motor configuration or
the cam and servo configuration of the pneumatic subassembly 300 may drive the
linear actuating pin 306 to control the position of the first and second valve actuators
308 to 310.

{0030] FIG. 4A ilfustrates the first valve actuator 308 in the closed position. The
closed position is characterized by a conical portion 400 of the valve stam or piston
320 sbhutting and engaging an orifice portion 402 defined within the body 302 of the
pneumalic subassembly 300. The orifice portion 402 may be manufaciured or
formed directly or integrally into the body 302 of the pneumatic subassembly 300,
Alternatively, the orifice portion 402 may be a separate component mounted or
carried within the body 302, The conical portion 400 of the valve stem or piston 320
may be symmetrically aligned relative to the circular mouth or opening 404 of the
orifice porttion 402 where the conical portion 400 tapers towards the circular mouth or
opening 404. The valve stem or piston 320 may be further guided relative to the
orifice portion 402 via a guide member 416, The guide member 418 supporis the
movement of the valve stem 320 and prevents fluid flow from directly entering into
the chamber 314, In operation, the circular cross section of the conical portion 400
compliments and aligns with the circular mouth 404 of the orifice portion 402 to
define a flow path 406 (see FIG. 4B) for the fluid and/or air within the chamber 314,
The area or size of the flow path 408 can be adjusted and controlied by translating
the conical portion 400 of the piston or valve stem 320 relative (o the circular mouth
404 of the orifice portion 402 as indicaled by the arrow A in FIGS. 48 and 4B, For

example, as the leading lapered edge of the conical portion 400 enters the circular
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mouth 404, the overall area of the flow path 40€ decreases as the distance B of the
valve stemn 320 entering the chamber 314 increases which, in turn, resulis in a
decrease in the fluid or air flow rate through the first valve actuator 308, Similarly, as
the distance B of the valve stem 320 entering the chamber 314 decreases, the ares
of the flow path 406 increases allowing a higher fluid flow rate there through. An O-
ring 408 may be carried by the valve stem 320 o prevent unwanted fluid leakage
when the conical portion 400 is disposed and sealed against the circular mouth 404
of the orifice portion 402 {see FiG. 4A).

(8031} In the Hustrated embodiment, the valve stem 320 is biased towards the
closed position (see FIG. 4A) by a compression spring 410 bearing against an
internal surface 412a of a stopper 412 carried within the body 302 and a back
surface 414 of the conical portion 400. Thus, when the valve stem 320 is at rest, the
comprassion spring 410 forces or biases the conical portion 400 into contact with the
circular mouth 404 of the orifice portion 402 to close or seal the flow path 406 from
the chamber 314, In operation, the actuating post 318 of the actuating pin 306 may
engage a tip 320a of the valve stem 320 as shown in FIG. 4B, As the drive
mechanism 350 such as the linear stepper motor moves the pin 306 and the
attached actuating post 318 and the tip 320a towards the orifice portion 402, the
movement causes the compression spring 410 to compress against the fixed surface
412 {i.e., the distance B decreases) and the area or size of the filow path 406
associated with the valve stem 320 increases. The increased area of the flow path
406 ailows for a proportional increase in the fluid flow. In a similar manner, the flow
path 406 and the fluid flow can be modified and oplimized by varying the position
{i.e., the distance B) of the valve stem 320 and the conical portion 400 relative to the
circular mouth 408 of the orifice portion 402,

[0032] In operation, the drive mechanism 350 retracts from a neutral position {(i.e,,
a position in which the actuating post 318 is not in contact with either valve stem 320
and 322) and the actuating post 318 contacts or engages the tip 320a of the valve
stemn 320 to enlarge the flow path 406 and increase the exhaust airflow. Similarly,
when the drive mechanism 350 extends away from the neulral position and the
actuating post 318 contacts the valve stem 322 io enlarge the flow path of the

second valve actuator 310 and increase the supply airflow.
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[0033] Fils. 5 dllustrates a sectional view of another embodiment of the pneumatic
subassembly 300 taken along the section line A-A of the variable airflow module 100
shown in FIGS. 1 and 2. In this exemplary embodiment, the linear stepper molor
arrangement of the drive mechanism 350 may be replaced by a servo motor and
cam 500 configuration. In particular, the servo motor {(not shown) and cam 500
coopserate to drive and control the position of the first and second valve actuators
308 and 310 as described in connection with FIGS. 4A and 4B, The servo motor
{not shown) may be an BEXI micro servo model $1123 90 or other similar device. In
this exemplary embodiment, the first and second valve actuators 308 and 310 are
biased towards the fluid chamber 314 by springs 502 and 504, respectively. In this
configuration, the vaive stems 320 and 322 are extended {owards the cam 500 and
the tips 320a and 3223 of the valve sliems are maintained in coniact with the lobed
surface 500a of the cam 500. Thus, the biased valve stems 320 and 322 operaie as
cam followers thal translate the rotary motion of the cam 500 about a center of
rotation or fixed point 308 into a linear translation to alter the size of the flow paths
406 and 506. The center of rolation or fixed point 308 may be disposed al a central
axis of the cam 500 or ofiset from the ceniral axis {or center of mass) as discussed
below.

18034] The lobed surface 500a of the cam 500 may be designed to bs non-
spherical relalive o the fixed point 508 including a first radius r corresponding to the
closed position of the valve actuators 306 and 308, and a sscond radius r +
corresponding 1o the open position of on of the valve actuators 308 and 310. The
distance x represents the total ravel distance between the open and closed
positions of sither of the valve stems 320 or 322, Transition surfaces 510 and 512
defined between the first radius r and the second radius r + x provide a means or
mechanism by which fine adjustments and modifications of the valve stems 320 and
342 may be affected to control the relative size of the flow paths 406 and 506 and
ultimately the airflow through each of the valve actuators 308 and 310. The lobed
surface 500a may further include a bump {not shown) or other protuberance
positioned to break any mechanical seal that may be formed between the conical
portion 400 and the circular mouth 404 of the orifice portion 402.

[08035] FiG. 8 depicts a funclional representation of an electronic subassembly

600 that may be implemented to control and drive one or more embodiments of the
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prieumatic subassembly 300, In particular, the llustrated control architecture
inchludes logical blocks representing components and devices suppotted by and/or
electrically coupled to the PCRB 304 carried by the base 104. The elecironic
subassembly 800 includes circuit traces which may be manufactured integral to the
PCB 304 and arranged o form a communications bus and circuitry 802 that
alectrically and communicatively couples an input conditioner 604, 2 stepper
controller 606, a powsr supply 608, a Teedback conditioner 810, a maximum airflow
rate controller 614, a pulse generator 612, 3 pressure indicator 618 and g pressure
controlier 620. The elactronic subassembily 800 and the associated components,
circuit blocks and funclional modules are configured to provide dynamic performance
and conirol over the pneumatic subassembly 300 by modulating and controlling the
valve acluators 306 and 308, and correspondingly the airflow near a set point or
threshold o prevent overshoot and oscillation. The components, circuit blocks and
functional modules may be implemented as software code or instructions executing
on a processor or as hardware descriptive language executing on application
specific hardware designed to provide the desired funclionality. The disclosed
conirol methodology implemented by the electronic subassembly 800 provides
steady airflow and ensures high-speed supply and exhaust performance.

[0038) The input conditioner 804, in one embodiment, receives an input or control
signal from, for example, one or more of the controls 118a to 118e andfor the inputs
114a to 114f and converts the respective signal 1o a specified oulput format. For
example, the input conditioner 604 may, as indicated by the control 1183, be
configured o receive a voltage inpul or a current inpul representing a pressure set
point and convert that input to a corresponding pressure. In one embodiment, the
input conditioner 604 determines whether a 0 to 10 VDC control signal is converted
to a 0 to 20 pounds per sguars inch gauge (PSIG) conirol signal, or whethera 4 io
20 mA control signal is converted to a 3 o 15 PSIG control signal. Adjustment of
these parameters may be accomplished via the controls 18 shown in FIG. 1 and
further discussed in connection with the operational flowchart shown in FIG. 8.
[0037] The puise generator §12 may be configured o generate the electrical
puises, steps and square wave signals ulilized by the stepper controller 606. The
generated pulses may, for example, be square wave pulses having a fixed frequency

of 200 Hz (1/sec). This fixed frequency may vary by configuration and hardware to
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allow the drive mechanism 350 io continuously operate at maxidmum rated torque. In
an exemplary embodiment, the duty cycle of the 200 Hz pulse provides the step
signal {o the linear stepper drive mechanism 350 {o produce a desired movement of
the respective valve stems 320 and 322. In one exemplary embodiment, the valve
stem movement in response {0 the step signal produces 4 mm of movement in sither
of the valve stems 320 and 322 in .021 mm per slep incremsnis over g pericd of one
(1) second. The valve stem movement of stems 320 and 322 alters the flow path
406 associated with the corresponding valve stem 320 and 322 to produce a pre-
determined air flow in standard cubic inches per minuie (SCIM). For example, at
time { equals 1 ms, one of the valve stems 320 and 322 has moved 0.04 mm and
apenad the flow path 406 {0 a maximum flow rate of 40 SCIM. Alter 1 sec, the aclive
valve stem has moved 4 mm such that the air flow through the now-open flow path
406 of one of the valve stems 320 or 322 is a maximum of 1400 SCIM. The precise
position of the vaive stem is controfled as a funclion of the pressure controller 616
acting on and in conjunction with the stepper controller 606 based on the feedback
conditioner 610, the input conditioner 604 and the pulse generator 612,

[8038] The stepper controller 606 interfaces with and controls the drive
mechanism 350, For example, if the input conditioner 804 corresponds o a change
in the pressure sst point in excess of the value of the feedback condilioner 610 and
the maximum air low rate controlier 614 corresponds to a desired flow rate of 800
SCIM, then the stepper coniroller 606 may calculate and determineg, via the pulse
generator 612, the direction 1o open the exhaust valve actuator 308 in order to
finearly increase the air flow through the flow path 406 to the desired flow rate. The
communicated position data may, in turn, be used o drive the linear stepper motor
configured drive mechanism 350, and ultimately the acluating post 318, o a specific
position corresponding 1o a flow path 406 configuration that resulis in the desired
flow rate. The position of the actuating post 318 and the associated valve stem 220
or 322 determines the area of the flow path defined between the conical portion 400
of the valve stem 320 and the orifice portion 402,

[0039] The electrical subassembly 600 may further include, or be in
communication with, the exemplary power supply 608. The power supply 608 may
be g separate component or may be integral to the PCB 304, in one exemplary

embodiment, the power supply 608 is integral (o the PCB 304 and configured (o
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receive signals from the terminal block or input 1141, In another embodiment, the
power supply 608 may receive power from a separate transformer operaling as a 24
VIO source supplying a 0 to 10 VDBC. The exemplary power supply 608 may bean
energy harvesting powsr supply such as a piezoelectric energy harvesting power
supply configured 1o caplure, accumulale and store energy for use by the electrical
assembly 600. The power supply 608 may further be configured to supply DC power
{o the drive mechanism 350.

[8040] The feedback conditioner 610 may, in an exemplary embodiment, include
and incorporaie a pressure sensor 616 (see FIG. 3} configured to measure the
pressure present within the fluid chamber 314, In one embodiment, the feedback
conditioner 810 receives a 0 to 40 mV pressure signal generaied by the pressure
sensor 616 {see FIG. 3). The magnitude of the pressure signal represents the
detected pressure within the fluid chamber 314. The feedback conditioner 610 may,
i turn, amplify the generated millivol pressure signal to a corresponding 0 to 5 VDC
signal for use by, and communication to, the pressure controlier 620.

[8041] The electronic subassermbly 600 may further cooperate with and control
the pressure indicator 618. in one embodiment, the pressure indicalor 618 couples
to and/or controls the pressure scale 120 or the pressure gauge 122, In another
embodimenti, the pressure indicaior 618 may couple to and control a light emitting
diode (LED) array or other display mechanism for providing pressure and flow rate
information to the user.

[0042] The pressure controller 620 may be in communication with each of the
components and elements of the slectronic subassembly 600 via the circuit traces
and communication bus 602. In one exemplary embodiment, the pressure controller
620 utilizes the information gathered and processed by the individual components
and modules of the slectronic subassembly 600 to control and direct the overall
operation of the variable airflow module 100. The pressure controller 820 may
inchude and control both hardware and software elements programmed and
configured to effect the desired control.

[0043] I another exemplary embodiment, the electronic subassembly 600 and
the associated components, circuit biocks and functional modules may be modified
and reconfigured o provide dynamic performance and control of the cam 500 and

serve motor configuration of the pneumatic subassembly 300. In this exemplary

—
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configuration, the stepper controlier 606 may be eliminated and the pulse generator
612 may configured to generate the pulses and square wave signals required by the
pressure coniroller 620 to directly drive the servo motor (not shown) to selectively
rotate the cam 500 to correspondingly drive the valve stems 320 and 322 o control
the flow rate 406 into and out of the chamber 314 as dascribed herein. For exampils,
the generated pulses may be square wavs signals having a fixed frequency of 50 Hz
(1/sec) that provide step inputs to the serve motor. In other embodiments and
applications, the fixed freguency may be varied by duty cycle from & nominal 1500
LS & 700 us that allows the servo motor configuration of the drive mechanism 350 1o
rotate 75° left or right of a neulral position about point 508. The movement of the
servo motor from the neutral position about the point 508 rotates the cam 500
causing translation in one of the valve stems 320 and 322, The neutral position
corresponds o both valve stems 320 and 322 in a closed position and a 0 SCIM air
flow. In particular, rotation of the cam 500 can cause the valve stems 320 and 322
to transiation 4mm in a period of 1.5 seconds. The precise linear translation caused
by the rotation of the cam 500 about the point 508 is dictated by the shape and
profile of the transition surfaces 510 and 520 formed contiguous with the lobed
surface 500a shown in FIG. 5.

[0044] In one exemplary configuration, the servo motor configuration of the drive
mechanism 350 may be sized and seleciad to operate at a maximum rated torgue of
1.4 kg/om and generate up o 100N (22 .51k} of force against the lobed surface 500a.
When the cam 500 rotates clockwise about the point 508 (L.e., about an axis defined
perpendicular {0 the plane of the cam 500 shown in FIG. B}, the force generated
between the tip 320a of the valve stem 320 and the lobed surface 500a causes the
spring 502 to compress as the valve stem 320 iranslales a distance x {sse FIG. 5).
The movement of the vaive siem 320 causes the flow path 406 through the valve
actuator 308 controlling the fluid supply into the chamber 314 o open resulling in a
change in air low {measured in standard cubic inches per minute (SCIM)) there
through. Rotation of the cam 500 in a counterclockwise direction {relative o the axis
defined perpendicular {o the plane of the cam 500 shown in FIG. 5) produces a
similar response in the valve stem 322 and associate components. In operation, the
meaxdmum air flow rate controller 614 may cooperate with the pulse generator 612

and the pressure controller 620 {o limit the maximum number of pulses and the
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associated rotation from the neutral position. As the cam 500 rotates and the tips
320a and 322a bear against the lobed surface 500s, the comresponding valve stems
320 and 322 cooperate and linearly shift to produce a selected maximum flow rate of
40 SCIM at 0.04mm after 15 ms. Afler 0.15 seconds of continued linear transiation,
the flow rate through the corresponding valve stem 320 and 322 achieves a
maximum flow rate of 1400 SCIM at 4 mm

[0045] Turning to FIG. 7, an exemplary embodiment of pressure controller 620 is
disclosed. This exemplary embodiment of the pressure controller 620 may be
disposed external to the variable airflow module 100 but in communication with the
elecironic subassembly 600 of the variable airflow module 100. The pressure
conirolier 620 may be a single device such as a building automation controller, a
collection of electrically coupled devices communicating via a distributed network
such as a BACnet-configured network or any other known of later developed
configurations. For example, the process controller 620 may include a processor
702 in communication with an input-output (/O) module 704 and a memory 706
configured (o siore processor executable instruclions comprising a pressura control
program 700 {see FIG. 7). The processor 702 may be a central processing unit
{CPU) configured to implement the stored processor-executable instructions,
program code, code modules, and applications that dictale and control the
communication of data, the storage and retrieval of data, and the analysis of data
organized within the memory of 708. The processor 702 may further include
additional internal memory (not shown) to facilitate the organization and processing
of data. The /O moduie 704 may be an intemnal or exiernal module configured to
cooperate with the pressure control program 700 to receive and transmit data
between devices operable within a building automation or control system.

{0048] The memory 706 may contain different logical and/or physical pariitions
configured to cooperate with, for example, the processor 702, The memory 706 may
be a hard drive, solid state drive, random access memory (RAM), read only memory
(ROM) or any other known or later developed addressable storage medium. The
memory 706 may be configured to store a firmware module or library 708 containing
the software and executable instructions that establish the basic functionality and
capabilities of the variable airflow module 100, For example, the firmware module

708 may include, among other things, memory structures that may be utilized and
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populated by the processor 702, communication protocols that may format and
organize information exchanges through the /O module 704, and other data analysis
and fracking functionality that may be utilized by, for example, the GPU.

[0047] FIG. 8 illustrates an exemplary process control loop 800 operable, for
example, within a building automation system [0 provide selective and/or incremental
control of a pneumatic actuator coupled to a damper, valve or other similar device.
As shown in FIG. 8, the process control loop 800 includes a single variable airflow
module 100 configured to incrementally control the movement of the pneumatic
actuator 818. The exemplary process controf loop 800 is configured to provide
closed loop control of an air supply 828 indirectly acting on process 8§14 {e.g., o
conirol a damper or valve device) as governed by pressure control program 700.
[8048) The pressure control program 700 executing within the pressure conirolier
620 generates the process control signal 826 {o instruct the variable airflow module
100 to alter or drive the controlled air oulput 822 (corresponding to the return port
110) toward the set point provided by the pressure control program 700. The
pressure conirol program 700 may further receive one or both of the sensor oulput
818 and the pneumatic oulput 824. The pressure control program 700 utilizes the
received outputs 818 and 824 as feedback and/or error signals for comparison with
respect {0 the set point. If the sel point has not been reached, the pressure control
program 700 utilizes the received outputs 818 and 824 to generate a correcied
process control signal 826, The corrected process control signal 826, in turn, directs
variable airflow module 100 to provide air supply through supply port 310 controlied
vig valve stem 310) or exhaust air {through exhaust port 112 controlied via valve
stem 308} resulting in a change in the controlled air output 822 {via the return port
108). The effects of the change may subsequently be detected and communicated
as the cutputs 818 and 824. The correction process repeals until the process contro
signal 826 is determined o equal the set point, Le., the feadback and error signals
require no additional correction.

[6049] The exemplary process control feedback routine 810 may represent any
number of closed loop control systems that utilize a sensor 812 {o monitor a process
conirol output 814 of the device being controlled such as the pneumatic actuator
818. The sensor cuiput 818 is communicated to O module 704 and utilized by the

pressure control program 700 of pressure controller 620 o adjust operation of the
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variable airflow module 100 and the fluidly coupled pneumatic actuator 816, The
exemplary control loop 800 may include the pneumatic control feedback routine 820
internal {o the variable airflow module 100 as executed and directed by the pressure
control program 700. Sensor 618 internal to the variable airflow moduls 100
monilors air pressure in the fluid chamber 314 (see FiG. 3) directly connecied to the
controlied air output 822 of the variable airflow module 100 and provides a
corresponding vollage ouiput 824 to the pressure conirol program 700. Based on
one or both of the received outputs 818 and 824, the pressure conirol program 700
may alter and adjust the process control signal 826 to direct the variabde airflow
module 100 and maintain the operational profile of the pneumalic actuator 816. The
operational profile could represent a steady state condition, a programmed or
varigble condition, or a bounded condition varying or fluctuating within a predefined
range or any other control conditions.

[0050] Open loop control may be implemented where the received oulputs 818
and 824 are not connected to or utilized by the pressure control program 700, In one
embodiment, the exemplary open loop conirol routine 800 may conirol the relative
positions of the internal valve actuators 308 and 310 based completely on the
curreni gperating state of the variable airflow module 100 and the known variables
and parameters that represent the module. In particular, the open loop control
routine in 800 may operaie without a feadback 824 or error signal 818 to determine if
the generated oulput has achieved the desired set point. In this smbodiment, the
open loop control routine does not correct or adjust the pressure control program
700 based on the outpul 818 provided by the sensor 812, The open loop conirol
routine 800 provides a simple methodology for a well-defined system that
incorporates known relationships between inputs and oulput can be modeled and
conirofled.

[8051] FiG. 9 is an exemplary operational flowchart 900 that represents one
method of operating the variable airflow module 100 according to the pressure
confrol program 700 stored and executed by the process controller 620. The
exemplary operational method initiates when either (i) an external signal received by
/O module 704 is varied by pressure control program 700 and presented to an input
114a to 114f of the variable aitflow module 100, or (i) one or more of the intermal

manual inputs 118d and 118c¢ gre varied resulling in a change or alteration of the sel
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point stored and accessible by the variable awflow module 100 as discussed in step
812 (step 802}. In particular, the control 118a {as shown in FIG. 1) toggles the input
type between a current input and a voltage input. If the selected inpul type is a
voltage input {step 804}, then the pressure control program 700 is configured to
receive a voltage signal via one of the inputs 114a to 1141, The voltage signal may
be a 0 1o 10 VDC signal that comesponds o a 0 to 20 PSIG controlled air culput 822,
Alternatively, if the sslected input iype is a current input {step 806}, then the pressure
conirol program 700 is configured {o receive an analog current signal via one of the
inputs 114a to 1141, The analog current signal may be a 4 to 20 mA signal that
corresponds to a 3 to 15 PSIG controlled air cutput 822.

(60521 The prassure control program 700 next evalualies the control 118b o
determineg if the variable airflow module 100 is operating in an automatic or manual
mode. The control 118b toggles between a manual operation mode and an
automatic operation mode {(step 808.) if the control 118b indicates that the variable
airflow module 100 is operating in a manual mode, then the pressure control
program 700 reads a vollage value or potential assodiated with the control 118¢
{step 910}). The control 118c¢ is a manual pot or other rotary selector configured to
provide a 3% o 100% culput range that may be converled by the pressure conirdl
program 700 via the input conditioner 604 to a corresponding and desired 0 to 20
PSIG controlied air output 822, Al step 812, the pressure control program 700
utilizes the manually established or the automatically defined sel point in conjunction
with one or more of the open loop or feedback control routines previously discussed.
[8053] The pressure controf program 700 generates the process control signal
326 to instruct the variable airflow module 100 to alter or drive the controlled air
ouiput 822 {e.qg., through the return port 108} toward the set point (step 914). The
pressure conirol program 700 may further receive one or both of the sensor ouiput
818 {step 816} and the pneumatic output 824 (step 818}, The pressure control
program 700 utilizes the received outputs 818 and 824 as feedback and/or error
signals for comparison with respect to the set point (step 820). if the set point has
rnol been reached, the pressure control program 700 utilizes the received culputs
818 and 824 to generate a correcled process control signal 826 {return to step 814).
The corrected process controd signal 826, in turn, directs the drive mechanism 350 to

alter the position of one of the valve actuators 308 and 310. The altered position of
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one of the valve actuators 308 and 310 results in a change in the controlled air
ouiput 822, The effects of the change may subsequently be detected and
communicated as the oulputs 818 and 824, The correction process repeats until the
process control signal 826 is delermined to equsal the set point, {i.e., the feadback
and error signals require no additional correction).

[8054] Calculations and processes at step 820 include a decision point on time
remaining for feedback to reach set point cooperating with time to close valve from
current position. When g decision point is reached by the control program 700, the
open valve {e.g., the valve actuator 308 or 310} will start to linearly close such that
the respective vaive will fully close at the time the feedback signal maiches set point
signal; in other words, when pressure out of the return port 108 or air oulput 822
equals pressure selected {i.e., the current set point). During this sequence of
operation it is not necessary that airflow through return port 108 or provided as air
output 822 of the variable airflow module 100 reach maximum only that it does not
exceed a pre-defined maximum threshold. Feedback conditioner 610 uses pressure
sensor 816 in return air chamber 314 o delermine if the oulput pressure
corresponding to the return port 108 and/or air output 822 is lower, the same or
higher than the set point input based on feedback conditioner 610, input conditioner
604 and pulse gensrator 612.

[6055] Hersin, the phrases “coupled with”, “in communication with” and
‘connecied (07 are defined to mean components arranged to direclly or indirectly
exchange information, daia and commands through one or more intermediaie
componenis. The intermediate components may include both hardware and
software based components. The phrase "operatively coupled” is defined to mean
two or more devices configured o share resources or information either directly or
indirectly through one or more intermediate components.,

[00586] It should be understood that various changes and modifications to the
presently preferred embodiments described herein will be apparent to those skilled in
the art. Such changes and modifications can be made without depariing from the
spirit and scope of the present invention and without diminishing its intended
advantages. ltis therefore intended that such changes and maodifications be

covered by the appended claims.
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CLAIMS:
1. A variable flow device comprising:

a body in an air damper, the body supporting a first orifice and a second
orifice, the first orifice being an air supply orifice connected with an air supply and the
second orifice being an exhaust orifice connected to exhaust to atmosphere, the body
configured to connect the air supply orifice and the exhaust orifice with a duct of the

air damper,
a drive mechanism configured to control air flow to the duct;

a first valve actuator coupled to the drive mechanism and linearly
shiftable between a first open position and a first closed position, the first valve
actuator comprising: a first valve stem including a first conical portion, wherein the
first conical portion is sized to symmetrically engage the first orifice when the first

valve stem is shifted to the first closed position; and

a second valve actuator coupled to the drive mechanism and linearly
shiftable between a second open position and a second closed position, the second
valve actuator comprising: a second valve stem including a second conical portion,
wherein the second conical portion is sized to symmetrically engage the second

orifice when the second valve stem is shifted to the second closed position; and

wherein the drive mechanism is configured to direct the first conical
portion to control the first valve actuator and the second conical portion to control the
second valve actuator, the drive mechanism being responsive to a building

automation controller.

2. The device of claim 1, wherein the drive mechanism includes a cam in

rotational contact with the first valve stem and the second valve stem.
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3. The device of claim 1, wherein the drive mechanism includes a linear

stepper motor configured to drive a linear actuating pin.

4. The device of claim 3, wherein the linear actuating pin includes an
actuating post configured to alternately bear against a first working surface of the first

valve stem and a second working surface of the second valve stem.

5. The device of claim 1, wherein a first distance between the first conical
portion and the first orifice defines a first fluid path having a cross-section that varies

directly as a function of the first distance.

6. The device of claim 5, wherein a second distance between the second
conical portion and the second orifice defines a second fluid path having a cross-

section that varies directly as a function of the second distance.
7. The device of claim 6 further comprising:

the building automation controller coupled to the drive mechanism,
wherein the controller includes a processor and a memory storing processor

executable instructions configured to:
convert a received electrical signal to a corresponding pressure signal,
generate a flow rate signal corresponding to the pressure signal; and

communicate the flow rate signal to the drive mechanism, wherein the
drive mechanism translates one of the valve actuators according to the flow rate

signal.

8. The device of claim 7, wherein the building automation controller is

further configured to:

direct, according to the flow rate signal, the drive mechanism to position

the first valve actuator relative to the second valve actuator in order to maintain a
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constant pressure within a chamber that fluidly couples the first orifice to the second

orifice.
9. A variable flow device comprising:

a body having a first orifice and a second orifice, wherein the first orifice

is in fluid communication with the second orifice via a fluid chamber;

a motor for translation of a drive pin between a first position and a
second position, wherein the drive pin includes an actuating post extending

substantially orthogonal from an outer surface of the drive pin;

a first valve actuator including a first valve stem configured to
symmetrically engage the first orifice, wherein the first valve stem is shiftable relative
to the first orifice in response to the translation of the actuating post substantially

adjacent to the first position; and

a second valve actuator including a second valve stem configured to
symmetrically engage the second orifice, wherein the second valve stem is shiftable
relative to the second orifice in response to the translation of the actuating post

substantially adjacent to the second position;

wherein the motor comprises a drive shaft extending parallel to the first
and second valve actuators and connecting with the drive pin, which is inline with the
drive shaft so also parallel with the first and second valve actuators, and the actuating
post is a single post with two opposite sides, a first of the opposite sides for
contacting the first valve stem and a second of the opposite sides for contacting the

second valve stem.

10. The device of claim 9, wherein the actuating post is configured to bear
against a first working surface of the first valve stem and a second working surface of

the second valve stem.
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11. The device of claim 9, wherein the first valve stem includes a first

conical portion sized to selectively engage and seal the first orifice.

12. The device of claim 11, wherein the first conical portion and the first
orifice define a first fluid path having a symmetrical cross-section that varies directly

with the distance between the first conical portion and the first orifice.

13. The device of claim 9, wherein the second valve stem includes a

second conical portion sized to selectively engage and seal the second orifice.

14. The device of claim 13, wherein the second conical portion and the
second orifice define a second fluid path having a symmetrical cross-section that
varies directly with the distance between the second conical portion and the second

orifice.

15. The device of claim 9, wherein the motor for translation is a linear

stepper motor.

16. A method for variable flow control of air in an air damper by a
transducer device including a body having a first orifice in fluid communication with a
supply port, and a second orifice in fluid communication with an exhaust port, wherein
the first orifice is further in fluid communication with the second orifice via a fluid

chamber having a fluid output port, the method comprising:

receiving an electrical signal representative of a pressure set point of
the air of the air damper, the electrical signal received from a building automation

controller;

calculating, in response to the received electrical signal, a flow rate

corresponding to the pressure set point;

generating a position signal that corresponds to the flow rate associated

with the pressure set point;
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selecting one of a first valve actuator and a second valve actuator as an
active valve actuator, wherein the first valve actuator is arranged to selectively
engage the first air supply orifice with an air supply and wherein the second valve
actuator is arranged to selectively engage the second exhaust orifice to exhaust to

atmosphere; and

positioning, in response to the generated position signal, a conical
portion of the selected active valve actuator adjacent to one of the first or second
orifices, wherein the conical portion and the orifice cooperate to define a flow area

corresponding to the calculated flow rate of the air damper.
17. The method of claim 16 further comprising:

generating a feedback signal representing a pressure difference,
wherein the pressure difference is the difference between a measured pressure at

the fluid output port and the pressure set point.
18. The method of claim 17 further comprising:

adjusting the position signal in response to the feedback signal, wherein

the adjusted position signal alters the flow area and the corresponding flow rate.

19. The method of claim 16, wherein selecting one of the first valve actuator

and the second valve actuator as the active valve actuator further comprises:

driving an actuating pin via a linear stepper motor, the actuating pin
being parallel to the first and second valve actuators, wherein the actuating pin
includes an actuating post arranged substantiaily orthogonal to a body of the
actuating pin; and

engaging, via the actuating pin, a tip of a valve stem carried within the
selected one of the first valve actuator and the second valve actuator, the actuating

post being a single post with two opposite sides, a first of the opposite sides

26

CA 2863142 2019-04-16



81781262

engaging the tip of the selected one and a second of the opposite sides being for

engaging the other one for the first and second valve actuators.

20. The method of claim 16, wherein selecting one of the first valve actuator

and the second valve actuator as the active valve actuator further comprises:

rotating, via a servo motor, a cam having a lobed cam surface arranged
to engage a first tip of a first valve stem carried within the first valve actuator, and a

second tip of a second valve stem carried within the second valve actuator;

wherein a change in an angular orientation of the cam causes the a
linear shift in the first and second valve stems as the first and second tip follows

along the lobed cam surface.

21. The variable flow device of claim 1 wherein the drive mechanism
comprises a motor with a drive shaft extending parallel to the first and second valve
actuators and connecting with a drive pin, which is inline with the drive shaft so also
parallel with the first and second valve actuators, the drive pin connected to an
actuating post extending substantially orthogonal from an outer surface of the drive

pin, the actuating post coupling the first and second valve actuators to the motor.

22. The method of claim 16 wherein positioning comprises moving a drive

shaft extending parallel to the first and second valve actuators and connecting with a
drive pin, which is inline with the drive shaft so also parallel with the first and second
valve actuators, the drive pin connected to an actuating post extending substantially
orthogonal from an outer surface of the drive pin, the actuating post movement

moving the selected one of the first and second valve actuators.
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