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obtain the same operating range as that achieved' A damper assembly having
an air flow control   via the present invention. regulator
Theforegoing problem is solved according to the invention in a damper
assembly having a This invention relates to constant volume flow  regulator
operable to control the flow of 5 controls of the type used to maintain a
relatively    70 conditioned air through a supply duct, said constant rate
of discharge from a terminal of an  regulator comprising pressure
responsive means air distribution system or the like, and more  connected
to said damper assembly to vary the particularly to a damper assembly
having an    position thereof within said supply duct in improved regulator
operable to control the flow of  accordance with changes in the conditioned
air 10 conditioned air whereby the regulator has a  75 supply pressure
upstream of said damper assembly relatively large operational range of
constant  to maintain a substantially constant volume air volume settings.
flow downstream of said damper assembly Many multi-room structures, such as
office   irrespective to such changes, and control buildings and schools,
constructed during the past  point setting means for maintaining a selected
1 5 several years include air conditioning systems to    80 level of
constant volume air flow downstream deliver either relatively warm or cool
conditioned  of said damper assembly, said control air from a central
source thereof to each of the  point setting means including a first force
enclosures or rooms in the building. Typically, one  generating means,
operable in a first constant or more ducts are employed to deliver the air
to  volume air flow range, for providing a first force 20 each enclosure.
Very often a damper assembly or   85 opposing movement of said damper
assembly by similar mechanism is installed in the duct to  said pressure
responsive means, a second force regulate the flow of air to one or more
diffusers or  generating means, operable in a second, reduced discharge
outlets located in the enclosure being    constant volume air flow range,
and force adding conditioned by the discharge of air thereinto. The  means,
operable in said second, reduced 25 movement of the damper assembly may be
90 constantvolumeairflow,flowrangefor responsive to changes in the
conditioned air supply  combining said first and second forces to oppose
pressure and/or changes in the temperature of the  movement of said damper
assembly by said enclosure. The controls regulating movement of  pressure
responsive means. the damper assembly typically include control     The
invention also provides a damper assembly 30 point setting means
establishing a maximum level  95 having a regulator operable to control the
flow of of conditioned air flow irrespective of changes in  conditioned air
through a supply duct, said the supply air pressure.
regulator comprising pressure responsive means Constant volume flow
controls of various     connected to said damper assembly to vary the
constructions employed with air conditioning    position thereof within
said supply duct in 35 systems of the above-described type are well  100
accordance with changes in the conditioned air known in the art. Very
often, a spring or similar  supply pressure upstream of said damper force
generating means is employed in obtaining  assembly to. maintain a
substantially constant the predeterminedvolume flow setting. One of
volume air flow downstream of said damper the shortcomings of the priorart
devices is that  assembly irrespective of such changes, and 40 with a
particular spring, the control point setting   105 control point setting
means for maintaining a means is only effective over a relatively narrow
selected level of constant volume air flow range of flow rates. When rates
outside of that  downstream of said damper assembly, said range are to be
accommodated, it is necessary to  control point setting means including a
first force substitute a spring of a different characteristic for
generating means, operable in a first constant 45 the spring already used.
110 volume air flow range, for providing a first force A prior attempt has
been made to solve the   opposing movement of said damper assembly by
problem described above. Such prior arrangement  said pressure responsive
means, the magnitude of uses a first torsional spring to generate a force
said first force increasing substantially at a opposing the movement of the
damper assembly.   constant rate in direct proportion to the rate of 50 A
second torsional spring is used to generate a    115 increase of said
conditioned air supply pressure, a force on a valve blade. The valve blade
is movable  second force generating means operable in a relative to the
damper assembly. The position -of  second, reduced constant volume air flow
range, the valve blade determines the constant volume  the magnitude of
said second force increasing flow setting for the system. The disclosed
substantially at a constant rate in direct 55 arrangement has an operating
range of 250-  120 proportion to the rate of increase of said 500 cfm, or a
50% control range. However, in    conditioned air supply pressure, and
force adding some applications, it has been found            means operable
in said second, reduced constant advantageous to have a much greater range
than  volume air flow range for combining said first and the 50% range
available through the arrangement  second forces to oppose movement of said
60 of the prior art patent. For example, in some  125 damper assembly by
said pressure responsive 



applications, a useful control range of 50 to 500  means. cfm is required.
With the prior arrangement herein  The invention further provides a damper
described, it would be necessary to substitute two  assembly operable to
control the flow of pairs of springs having different characteristics to
conditioned air through a supply duct comprising    2
GB 2 010 471 B    2. a damper blade rotatably positioned within said .
regulator of the present invention with the supply duct; pressure
responsive means           damper assembly shown in a first operating
connected to said damper blade to vary the       position; position thereof
within said supply duct in        Figure 2 is a sectional view similar to
Figure 1, 5 accordance with changes in the conditioned air  70 but
illustrating the damper assembly in a second supply pressure upstream of
said damper blade,   operating position; and to maintain a substantially
constant volume air    Figure 3 is an end view of the damper flow
downstream of said damper blade             assembly and regulator
illustrating further details irrespective of such changes; a rotatable
member  of the present invention. 10 connected to said pressure responsive
means and   75   Referring now to the drawings, there is positioned within
the flow path of said          disclosed a preferred embodiment of the
present conditioned air through said duct, the angular   invention. The
invention relates to a damper position thereof within said duct determining
the  assembly having a regulator to control the flow of level of constant
volume air flow; and, control  conditioned air through a supply duct. 15
point setting means to regulate the level of  80   Figure 1 illustrates a
damper blade assembly constant volume air flow including a primary     10
installed in a supply duct 12. The assembly is spring operable to generate
a force to restrain  rotatable about a rod 14 which extends laterally
movement of said damper blade in a first constant  between the spaced
vertical sides, (only one of volume flow range, and having one end attached
which is shown), of the supply duct 12, Assembly 20 to said rotatable
member and the other end    85 10 turns freely about rod or shaft 14.
Damper thereof attached to said damper blade, movement   assembly 10
regulates the flow of conditioned air of said damper blade in response to
said pressure  through an opening 16 defined between inlet responsive means
relative to said rotatable      plates 18 and 20.. *  member increasing the
force generated by said     Damper blade assembly 10 includes a damper 25
primary spring, and a secondary spring operable    go blade 22. Blade 22
rotates in response to to generate a second force to further restrain
pressure responsive control member 24. Member movement of said damper blade
when the level of  24 may be an inflatable bellows or bladder, the *
constant volume air flow is reduced by rotation of  inflation thereof being
in direct relationship with said rotatable member, said secondary spring
the pressure of the supply air upstream of inlet 30 having one end attached
to said damper blade  95 plates 18 and 20. Inflation of bladder 24 will be
and its other end secured to a lever arm, the lever  regulated by the air
flow through tube 26 having arm in turn being attached to said rotatable
an air inlet 27. Inflation of the bladder in member; the interconnection
between said lever   accordance with changes in supply air pressure arm,
said secondary spring and said rotatable    will maintain a constant level
of conditioned air 35 member maintaining said secondary spring in a    1 00
flow downstream of the cutoff plates irrespective relaxed state at said.
first constant volume air flow  of such supply air pressure changes.
Inflation of setting, said secondary spring becoming active at  bladder 24
varies directly with changes in the said reduced levels of constant volume
air flow,  upstream supply air pressure. Thus, as the movement of said
damper blade relative to said   pressure of the air increases, the
inflation of 40 rotatable member at reduced levels of constant    105
bladder 24 will increase to rotate damper volume air flow increasing the
force generated by  assembly 10 in a clockwise direction tQ reduce said
primary and secondary springs.             the active size of opening 16.
Similarly; as the The invention still further provides a method of
upstream air pressure decreases, bladder 24 will regulating the operation
of a damper assembly    deflate, resulting in the damper rotating in a *
45 employed to control the flow of conditioned air    110 counterclockwise
direction to increase the active through a supply duct comprising the steps
of     size of opening 16. Thusa substantially constant providing a. signal
indicative of the conditioned air  volume of air will be discharged through
supply supply pressure upstream of the damper           duct 12 to various
terminals or diffusers located assembly to control the position of the
damper  in a space or spaces being conditioned. 50 assembly within the
supply duct to maintain a  115   Damper assembly 10 is designed to regulate
substantially constant volume air flow          the flow of air wherein the
supply air pressure downstream of the damper assembly irrespective   may
vary from one inch w.g. to five inches.w.g. In of changes in the
conditioned air supply pressure   .  addition, it is desirable to have the
damper upstream of the damper assembly; generating a    assembly regulate
the flow of air at various levels 



55 first force in a first constant volume air flow range  120 of constant
volume air flow, as for example from to oppose movement of the damper blade
. 50 cfm through 500 cfm. Thus, it is necessary assembly as the position
thereof is changed in  that a regulator for the damper assembly be response
to an increase in the air supply pressure  provided to permit the pressure
responsive blade upstream of the damper assembly; and             24 to
effect proper movement of damper 60 generating a second force in a second
reduced  125 assembly 10 for any pressure change within the constant volume
air flow range, with said first and  pressure levels of from one inch to
five inches second forces being additive to further oppose   irrespective
of the constant volume flow setting movement of the damper blade assembly.
actually required. Figure 1 is a sectional view through a supply    To
achieve the foregoing, the present invention 65 duct illustrating the
damper assembly and    130 provides control point setting means to obtain
the    2
3 level of constant volume air flow irrespective of    pressure upstream of
opening 16. Primary spring the actual supply air pressure upstream of
28 is stretched due to the rotational. movement of opening 16. The control
point setting means    member 46 to which It is attached, with its force
includes first and second force generating means  thus increasing as the
damper blade assembly; 5 illustrated as primary spring 28 and secondary  70
rotates in a clockwise direction. At the maximum spring 30. The springs are
suitably attached to a  flow setting, spring 28 provides the only linkage
system comprising link arms 32, 34, and  restraining force required to
prevent unrestrained 36. Arm 32 is rotatably attached to pin 35. The
damper blade assembly movement as the. pin is secured to the inside of
sidewall 11 of duct  position of lever 34 maintains spring 30 in Its 10 12,
as for example by suitable bolts and nuts. Link   75 relaxed or inoperative
state as illustrated in arm 34 is rotatably attached to pin 37 provided in
Figure 1. the end 33 of link 32. Arm 36 is pivotally        At flow
settings less than maximum, i.e. at any attached to arm 34 at point 38. Arm
36 is      point from 50 through 450 cfm, members 36 and generally U-shaped
member and includes a       40 and bladder 24 are initially positioned by
15 flange-like surface 39. Support bracket 17  80 rotating members 36 and
40 within supply duct connects member 36 to shaft 14. A second        12 in
a clockwise direction. The actual initial member 40 is affixed to member 39
and defines  position of members 36 and 40 is determined by an axial
extension thereof.                    the desired constant volume flow
setting as Bladder 24 is affixed to member 40 and is    established, for
example through a room 20 disposed between upper surface 42 of member    85
thermostat. 40 and lower surface 44 of damper blade 22. The   As clearly
shown in Figure 2, at lower flow angular position of member 40 within the
supply  settings, arms 36 and 40 are rotated clockwise duct determines the
constant volume level of air  toward plate 18. Lever arm 34 is thus rotated
flow downstream of opening 16.                 about point 38 in a
direction such that secondary 25   For example, the initial setting of
member 40 is  go spring 30 provides a restraining force on the changed by
either rotating the member clockwise  damper blade assembly in addition to
the or counterclockwise toward or away from upper  restraining force
provided by spring 28 as plate 18 if it is respectively desired to decrease
or  described above. In effect, the movement of arm increase the level of
constant volume air flow  34 activates the secondary spring. Thus, at 30
through opening 16.                         95 minimum flow pressure and a
constant volume One end of primary spring 28 is secured to arm  level less
than maximum, the size of fluid flow 36, with one end of secondary spring
30 being  opening 16 is somewhat decreased. As the secured to arm 34. The
other end of each of the  pressure in the supply air duct upstream of
springs is secured to a member 46 connected to  opening 16 increases,
bladder 24 is inflated 35 damper blade 22. The springs provide a     100
thereby rotating the damper blade assembly, restraining force on damper
blade assembly 10 in  including member 46, in a clockwise direction.
opposition to the force developed thereon by   This causes the primary and
secondary springs 28 bladder 24. In effect, the restraining force   and 30
to be further stretched thereby increasing generated by springs 28 and 30
permits the     the force generated by such springs. The 40 bladder to.
move the damper blade assembly in    105 magnitude of the force generated
by each of the actual relationship with the desired constant  springs 28
and 30 increases in this manner volume air flow setting. In the absence of
any  substantially at a constant rate in direct restraining force, any
inflation of bladder 24  proportion to the increase in supply air pressure.
would result in free rotation of damper blade 22  Thus, once secondary
spring 30 is made operative 45 in a clockwise direction.
110 as a result of the initial location of member 36 In operation, when
maximum level of constant  and 40 within duct 12, there is less angular
volume air flow is desired, primary spring: 28  movement of the damper
blade assembly for the 



provides the only restraining force on damper  same change in supply air
pressure. That is to say, assembly 10. The maximum level of air flow may
at lower flow settings the damper blade assembly 50 be, for example 500
cfm. At this point, members  115 will move through a smaller angular
distance for 36 and 40 are rotated in a counterclockwise    the same change
in supply air pressure. Figure 2 direction so that maximum air flow through
illustrates the manner. in which both springs 28 opening 16 may be
obtained. The initial position  and 30 are stretched as assembly 10,
including of members 36 and 40 for a given constant       member 46,
rotates towards plate 18. 55 volume flow setting is established by means
not   120   In effect, at maximum flow setting, spring 28 shown, as for
exampe a pneumatic actuator       by itself develops the restraining force
on responsive to a room thermostat and operatively  assembly 10 to regulate
movement thereof in connected to shaft 14. The damper blade
accordance with inflation of bladder 24 to assembly 10 is initially
positioned so that a  maintain a constant volume flow setting. The 60
maximum air flow setting is obtained at minimum  125 force generated by
spring 28will increase as the pressure levels, as for example one inch w.g.
At  blade assembly 10 rotates in a clockwise this point, if the pressure
should increase, inflation  direction, thereby stretching the spring. of
the bladder will increase to rotate assembly 10  At lower levels of
constant volume flow in a clockwise direction with a degree of rotation
settings, spring 30 generates an additive force to 65 varying directly with
the increase in supply air    130 the force generated by spring 28. By
providing the    4
GB 2 010 47.1 B    4 additional restraining force, the rotational   of such
changes, and control point setting means movement of blade assembly 10 will
be reduced    65 for maintaining a selected level of constant for a given
supply air pressure change as      volume air flow downstream of said
damper compared to the movement of the assembly at    assembly, said
control point setting means 5 the maximum constant volume flow setting and
including a first force generating means, operable * the same pressure
change.                     in a first constant volume air flow. range, for
With reference to Figure 3, it will be observed    70 providing a first
force opposing movement of said that each of the springs 28 and 30 are
attached  damper assembly by said pressure responsive to rotatable screws
50 and 52 which pass       means, the magnitude of said first force 10
through the end of member 46. Screws 50 and    increasing substantially at
a constant rate in 52 are adjustable to provide initial tension   direct
proportion to the rate of increase of said adjustments on the springs to
compensate for  75 conditioned air supply pressure, a second force
tolerance variations.                          generating means operable in
a second, reduced The regulator thus described for the damper  constant
volume air flow range, the magnitude of 15 blade assembly provides a
relatively simple and  said second force. increasing substantially at a
inexpensive mechanism to effectively control the  constant rate in direct
proportion to the rate of constant volume flow of air through the supply
80 increase of said conditioned air supply pressure, duct at all levels of
constant volume flow settings,  and force adding means operable in said
second, irrespective of variationsin the pressure of the  reduced constant
volume air flow range for 20 supply air.
combining said first and second forces to oppose movement of said damper
assembly by. said 85 pressure responsive means. Claims
4. A damper assembly operable to control the 1. A damper assembly having a
regulator     flow of conditioned air through a supply duct operable to
control the flow of conditioned air  comprising a damper blade rotatably
positioned through a supply duct, said regulator comprising  within said
supply duct; pressure responsive 25 pressure responsive means connected to
said  90 means connected to said damper blade to vary damper assembly to
vary the position thereof   the position thereof within said supply duct in
within said supply duct in accordance with     accordance with changes in
the conditioned air changes in the conditioned air supply pressure  supply
pressure upstream of said damper blade, upstream of said damper assembly to
maintain a  to maintain a substantially constant volume air 30
substantially constant volume air flow      95 flow downstream of said
damper blade downstream of said damper assembly irrespective  irrespective
of such changes; a rotatable member of such changes, and control point
setting means  connected to said pressure responsive means and for
maintaining a selected level of constant   positioned within the flow path
of said volume air flow downstream of said damper      conditioned air
through said duct, the angular 35 assembly, said control point setting
means  100 position thereof within said duct determining the including a
first force generating means, operable   .  level of constant volume air
flow; and control in a first constant volume air flow range, for  point
setting means to regulate the level of providing a first force opposing
movement of said.  constant volume air flow including a primary 



damper assembly by said pressure responsive    spring operable to generate
a force to restrain 40 means, a second force generating means,    105
movement of said damper blade in a first constant operable in a second,
reduced constant volume air  volume flow range, and having one end attached
flow range, and force adding means, operable in  to said rotatable member
and the other said second, reduced constant volume air flow  end thereof
attached to said damper blade, range, for combining said first and second
forces  movement of said damper blade in response 45 to oppose movement of
said damper assembly by  110 to said pressure responsive means said
pressure responsive means.                 relative to said rotatable
member increasing 2. A damper assembly in accordance with      the force
generated by said primary spring, claim 1 wherein said control point
setting means  and a secondary spring operable to includes a rotatable
member attached to said   generate a second force to further restrain 50
damper assembly and positioned within the flow   115 movement of said
damper blade when the level of path of said conditioned air through said
duct, the      constant volume air flow is reduced by rotation of angular
position thereof within said duct      said rotatable. member, said
secondary spring determining the level of constant volume air flow.  having
one end attached to said damper blade 3. A damper assembly having a
regulator      and its other end secured to a lever arm, the lever 55
operable to control the flow of conditioned air    120 arm in turn being
attached to said rotatable through a supply duct, said regulator comprising
member, the interconnection between said lever pressure responsive means
connected to said    arm, said secondary spring and said rotatable damper
assembly to vary the position thereof    member maintaining said secondary
spring in a within said supply duct in accordance with      relaxed state
at said first constant volume air flow 60 changes in the conditioned air
supply pressure   .125 setting, said secondary spring becoming active at
upstream of said damper assembly to maintain a  said reduced levels of
constant volume air flow, substantially constant volume air flow  .
movement of said damper blade relative to said downstream of said damper
assembly irrespective  rotatable member at reduced levels of constant    C
L  M   S GB 2 010 471 B    4 additional restraining force, the rotational
of such changes, and control point setting means movement of blade assembly
10 will be reduced    65 for maintaining a selected level of constant for a
given supply air pressure change as        volume air flow downstream of
said damper compared to the movement of the assembly at      assembly, said
control point setting means 5 the maximum constant volume flow setting and
including a first force generating means, operable the same pressure
change.                        in a first constant volume air flow range,
for With reference to Figure 3, it will be observed    70 providing a first
force opposing movement of said that each of the springs 28 and 30 are
attached  damper assembly by said pressure responsive to rotatable screws
50 and 52 which pass         means, the magnitude of said first force 10
through the end of member 46. Screws 50 and      increasing substantially
at a constant rate in 52 are adjustable to provide initial tension
direct proportion to the rate of increase of said adjustments on the
springs to compensate for  75 conditioned air supply pressure, a second
force tolerance variations.                            generating means
operable in a second, reduced The regulator thus described for the damper
constant volume air flow range, the magnitude of 1 5 blade assembly
provides a relatively simple and  said second force increasing
substantially at a inexpensive mechanism to effectively control the
constant rate in direct proportion to the rate of constant volume flow of
air through the supply  80 increase of said conditioned air supply
pressure, duct at all levels of constant volume flow settings,  and force
adding means operable in said second, irrespective of variations in the
pressure of the  reduced constant volume air flow range for 20 supply air.
combining said first and second forces to oppose movement of said damper
assembly by said 85 pressure responsive means. Claims
4. A damper assembly operable to control the 1. A damper assembly having a
regulator      flow of conditioned air through a supply duct operable to
control the flow of conditioned air   comprising a damper blade rotatably
positioned through a supply duct, said regulator comprising  within said
supply duct; pressure responsive 25 pressure responsive means connected to
said   90 means connected to said damper blade to vary damper assembly to
vary the position thereof    the position thereof within said supply duct
in within said supply duct in accordance with      accordance with changes
in the conditioned air changes in the conditioned air supply pressure
supply pressure upstream of said damper blade, upstream of said damper
assembly to maintain a  to maintain a substantially constant volume air .30
substantially constant volume air flow       95 flow downstream of said
damper blade 



downstream of said damper assembly irrespective  irrespective of such
changes; a rotatable member of such changes, and control point setting
means  connected to said pressure responsive means and for maintaining a
selected level of constant     positioned within the flow path of said
volume air flow downstream of said damper        conditioned air through
said duct, the angular 35 assembly, said control point setting means   100
position thereof within said duct determining the including a first force
generating means, operable  level of constant volume air flow; and control
in a first constant volume air flow range, for  point setting means to
regulate the level of providing a first force opposing movement of said
constant volume air flow including a primary damper assembly by said
pressure responsive      spring operable to generate a force to restrain 40
means, a second force generating means,      105 movement of said damper
blade in a first constant operable in a second, reduced constant volume air
volume flow range, and having one end attached flow range, and force adding
means, operable in  to said rotatable member and the other said second,
reduced constant volume air flow    end thereof attached to said damper
blade, range, for combining said first and second forces  movement of said
damper blade in response 45 to oppose movement of said damper assembly by
110 to said pressure responsive means said pressure responsive means.
relative to said rotatable member increasing 2. A damper assembly in
accordance with       the force generated by said primary spring, claim 1
wherein said control point setting means  and a secondary spring operable
to includes a rotatable member attached to said     generate a second force
to further restrain 50 damper assembly and positioned within the flow   115
movement of said damper blade when the level of path of said conditioned
air through said duct, the  constant volume air flow is reduced by rotation
of angular position thereof within said duct        said rotatable member,
said secondary spring determining the level of constant volume air flow.
having one end attached to said damper blade 3. A damper assembly having a
regulator       and its other end secured to a lever arm, the lever 55
operable to control the flow of conditioned air  120 arm in turn being
attached to said rotatable through a supply duct, said regulator comprising
member, the interconnection between said lever pressure responsive means
connected to said      arm, said secondary spring and said rotatable damper
assembly to vary the position thereof     member maintaining said secondary
spring in a within said supply duct in accordance with      relaxed state
at said first constant volume air flow 60 changes in the conditioned air
supply pressure  125 setting, said secondary spring becoming active at
upstream of said damper assembly to maintain a   said reduced levels of
constant volume air flow, substantially constant volume air flow
movement of said damper blade relative to said downstream of said damper
assembly irrespective  rotatable member at reduced levels of constant    5
GB 2010 471  B         5 volume air flow increasing the force generated by
20 to oppose movement of the damper blade said primary and secondary
springs.                 assembly as the position thereof is changed in 5.
A damper assembly in accordance with          response to an increase in
the air supply pressure claim 4 further including tension adjusting means
upstream of the damper assembly; and 5 connected to one end of each of said
springs to      generating a second force in a second reduced permit
adjustment of the initial tension on said  25 constant volume air flow
range, with said first and springs.
second forces being additive to further oppose 6. A method of regulating
the operation of a      movement of the damper blade assembly. damper
assembly employed to control the flow of        7. A method in accordance
with claim 6 10 conditioned air through a supply duct comprising
wherein the magnitudes of the first and second the steps of providing a
signal indicative of the  30 forces increase in substantially direct
proportion conditioned air supply pressure upstream of the     to the
increase in supply air pressure. damper assembly to control the position of
the         8. A damper assembly substantially as damper assembly within
the supply duct to            described herein and with reference to the 1
5 maintain a substantially constant volume air flow   accompanying
drawings. downstream of the damper assembly irrespective   35    9. A
method of regulating the operation of a of changes in the conditioned air
supply pressure   damper assembly as described herein and with upstream of
the damper assembly; generating a       reference to the accompanying
drawings. first force in a first constant volume air flow range Printed for
Her Majesty's Stationery Office by the Courier Press, Leamington Spa, 1982.
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