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1

This Invention relates generally to actuators
and in particular to actuators for air volume con-
trol dampers. It concerns g unitary assembly for
regulating the flow of conditioned air to a room
- or other enclosure and utilizes the thermal energy
of the conditioned air for moving the damper
blades thus making unnecessary any wiring or
external electric power.

In controlling the comfort conditions of a
room or other enclosure it has in the past been
proposed to control the volume of conditioned
air admitted into the rcom. Under such systems
of control the temperature of the conditioned
air and the velocity of the conditioned air enter-
ing the room is maintained constant, the heat-
ing reguirements for the room being met by
variations in the volume of conditioned air ad-
mitted to the room, such volume being determined
by the position of the conditioned air inlet damp-
er blades. One such apparatus is disclosed in
U. S. Reissue Patent 22,8370 issued to G. A. Peple,
Jr. The present invention comprises an actuator,
suitable for use with an air volume damper,
which utilizes the thermal energy of the con-
ditioned air. An actuator of this type is dis-
closed in U. S. Patent No. 1,181,443 issued to W.
M. Fulton. The present invention i1s an improve-
ment in such actuators and provides ceriain
advantages, including accuracy in positioning the
conditioned air inlet dampers, a8 will subse-
quently be pointed out.

An object of the present invention is to pro-
vide a unitary assembly for resgulzting the flow
of conditioned air into a room or other encliosure
which utilizes the thermal energy avallable be-
cause of the temperature gradient between the
conditioned air and the room air.

A further object is to provide an actuator for
an air volume damper which, under certain con-
ditions, positively draws room air over the actu-
ating element, this aspiration of room air being
independent of normal room convection currents
and of the volume of conditioned air bkeing ad-
mitted into the room.

In order that the invention may be more
readily understood, reference is had fto the ac-
companying drawings, in which—

Fig. 1 is a front view of the apparatus with the
control cover broken away;

Fig. 2 is a right side view of the abparatus taken
along the lines IT—II of Fig. 1;

Fig. 3 is a left side view of the apparatus taken

along the lines ITI—III of Fig, 1.

Referring now to Fig. 1 in which is shown g

fabricated frame or panel {8 which may be
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Iastened on a wall adjacent an outlet apsriure
of a conditioned air duct. An extension plate {4
of frame (8 constitutes a mounting for the actu-
ator or control unit shown. A damper unit, con-
sisting of two curved damper blades, upper blade
12 and lower blade {3, mounted within the frame
{8, controls the admission of conditioned air (in-
dicated by arrows in Figs. 2 and 2) into the room,
the temperature of which is to be controlled.

A pivotal linkage 14, shown generally in Fig. 3,
provides unitary and synchronous action between
the damper blades so that they rotate in unison
but in opposite directions. A link {5 pivoizlly
attached to the lower damper blade 13, is pivotally
connected o levers 17 and {8. The levers {71 and
{8 extend along the sides of a casing 22 and are
pivetally mounted on a bracket {8, fastened to
the frame {8 by means of a pivot pin 28. Casing
22 is secured to the plate i1 by any suitable means
and, as illustrated, is spaced from plate i1 by
member 3%, formed of thermal insulatine ma-
terial, and spacer blocks 36. A cover member 20
is provided to encompass the actuator unit and is
detachably secured to the extension plate {i. The
casing 22 provides an enclosure or chamber 23
in which is located a thermal responsive member
which is the operating element, here shown as g
beliows 2§, which containg a volatile fluid caus-
g the bellows 21 to expand upon beings heated.
The bellows 21 is secured by brackets #4 to the
casing 22 and overlies a shaft 2§ journaled in
the levers {7 and i8. Thus, movement of the
bellows 21 results in g corresponding movement
of the shaff 25 to pivot the levers {7 and 18

5 about the stationary pivot 2§, journsled in the

bracket 18. A compression spring 38, bearing
against the extension plate {1, engages a metal
plate 32, secured to the lever {7 by screw 28 and
secured to lever 18 by screw 34. The spring 8B
biases the levers 17 and {8 against expansion
movement of the bellows 24. As has been pointed
out, the casing £2 is secured to the plate {1 but
spaced thereirom by a plece of thermal insulating
material 35 and metal blocks 3&. This mounting
for bellows 21 effectively insulates it from therimal
conduction from the frame {8 and plate §§.

A room air inlet pipe 8§ is secured to one side
of the casing 22 and protrudes through the cover
29, thug providing a conduit from the bellows
chamber 22 to the room. A tube 40 is =cecured
to the opposite side of casing 22 and extends
along a line parallel to the damper blades. The
tube 80 provides an outlet conduit from the bel-
lows chamber to the room and also serves as an
inlet conduit for the duct air. A conduit, here
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shown as pipe 42, is connected, as shown in Figs.
1 and 3, to the damper housing 44 and projects
through an opening in tube 40 to lie concentri-
cally therein. The pipe 42 has an inlef opening
46 exposed to the duct air behind the damper
assembly and an outlet opening 48 within the
tube 490.

The tube 49 terminates in an opening 50 which
is provided with a closure means here showh
as a fHat valve member 52. The valve member
52 is secured to an L-shaped lever 54 which is
pivoted on a pin 5§ fastened to the base plate
i{. A compression type spring 958 is interposed
between the lever end 59 and the tube 40 to bias
the valve member 52 to closed position. A tem-
perature sensing element, here shown as a bi-
metal strip 60, is mounted on a pivot pin 62 se-
cured to the base plate {1. A block of insulation
material 63 is riveted to one end of strip 60 and

abuts the lever end 59. An adjusting screw 64, ¢

threaded through a bracket 66, permits adjust-
ment of the position of member 52 with relation
to the outlet 50 thereby providing a control point
adjustment. A serrated knob 68 on the end of
adjusting screw 64 extends beyond the cover 29
to allow external adjustments to be made. Note
that the cover 20 is onen at the end adjacent
the bimetal §0 and that the bottom of cover 2§
has openings 81 therein which permit the circu-
lation of room air over the bimetal 60. |

Operation

Referring to Figure 1, when the member 52
ig in full open position (shown in broken lines
in Figuyre 1), heated air from the duct flows
through the pipe 42, out its open end 48 and out
of the end 50 in the tube 40. This flow of heated
air aspirates room air through the pipe 38 into
the casing 22 past the bellows 21. Under these
conditions the bellows 21 will be maintained at
room temperature and will be In a relatively
contracted position with damper blades 12 and
(3 wide open. Ag the member 82 is moved to-
ward the opening 50, it will reach a position with

reference to the opening 50 such that the resist-.
ance to the flow of air through the opening %3
will prevent room air from being aspirated

through the pipe 38.
When the member 52 moves further toward

the open end 56, increasing the resistance to the ;

flow of air therethrough, a portion of the heated
air will flow slowly back through the tube 40
into the casing 22. This slow moving heated air
will be cooled somewhat as it moves through the

tube 40 but will raise the temperature of bel- ;

lows 21 above room temperature. A still further
closure of open end 50 by the member 32 will
cause heated air to flow more rapidly through
the tube 40 and into the casing 22. Since the
velocity of the flow of this heated air through
the tube 408 increases as the member 52 ap-
proaches the open end 80, the loss of thermal
energy to the walls of tube 40 by the air flow-
ing through the tube 40 will decrease and the
temperature of bellows 21 will be increased.
With the apparatus in the position shown in
Figures 1, 2, and 3, the bellows 21 is partially
expanded and damper blades 12 and 13 are con-
sequently in an intermediate position. The
member 52 is positioned by the bimetal strip 69
at a point with reference to the open end 50 such
that a portion of the heated air flowing from the

pipe 42 flows through the tube 40 establishing

the bellows 21 at a temperature somewhat above
room temperature. Bellows 21 has assumed an

o b

19

)
=] |

40

4

expansive position such that the damper blades
[2 and [3 are separated to admit into the room
g, sufficient volume of heated air so as to just bal-~
ance the heat losses from the rcom.

Should this position of equilibrium bhe disturbed
by increased heat losses from the room, because
of decreasing outdoor temperature or for other
reasons, the conseqguent slight upward movement
of the free end of strip &% will move the mem-
ber 52 slowly away from the opening o0, decreas-
ing the resistance to the ilow of heated air oul
of the open end 50. With such movement less
and less heated air will flow into the casing 22
and eventually no heated air will flow therefo
and room air will be aspirated into the casing
22. As this takes place, the temperature of bel-
lows 21 will consequently be slowly decreased
and will approach room temperature. Conse-
gquently damper blades 12 and (3 will be siowly
moved in opening direction as bellows 21 con-
tracts. The resulting increased volume of heated
air flowing past the damper blades (2 and 13 will
evencually again balance the heat losses from the
room and the bellows 21 and damper blades {2
and {3 will come to rest at a new position of
equilibrium.

Should the heat losses from the room there-
after decrease, bhecause of increasing outdoor
temperature or for other reasons, member 52 will
ke moved toward the open end &4 and heated air
will eventually begin to flow through the tube
40 Into the casing 22. As member 52 approaches
the open end 50 the velocity and consequently
the thermal energy of the heafed air passing to
casing 22 will increase and fthe temperature of
the bellows 21 will therefore slowly increase. The
resulting expansion of bellows 21 will move
damper blades 12 and {23 in closing direction.
The decreasing volume of heated air flowing past
the damper blades {2 and (3 into the room will
eventually be such that the heat losses from the
room will again be balanced and bellows 21 and

- damper blades 12 and {3 will assume a new po-
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sition of equilibrium.

it will be noted that the fiow of room air
through the pipe 38 into the casing 22 is, under
certain conditions, positively induced and aspi-
rated through the casing 22 by the flow of heated
air out of the open end 52. The flow of room
air past the bellows 2{ does not depend on con-
vection currents in the room and is independ-
ent of the position of damper blades (2 and 3.
As g result there is no loss of control of the tem-
perature of, and consequently the position of, the.
bellows 21 ag the damper blades 12 ang {3 ap-
proach their closed position. |

it will be understood that by reversing the
direction of movement of the room temperature
sensing element 66 and reversing the direction of
movements of damper blade-moving linkage, the
actuator might be utilized for controlling the ad-
mission of cooled, rather than heated air into a
room or other enclosure the temperature of
which is to be controlled. Additionally bimetal
strip 60 might be arranged so that its free end
moves upwardly when heated and the linkage
between the damper blades {2 and {3 and bellows
21 reversed so that upon an inerease in room
temperature the member 52 would move away
from the open end 58 and the beilows 2 would
move in a contracting direction to close damper
blades 12 and I3.

From the foregoing description it will be an-
parent that many modifications of this invention
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w hat is claimed i is:

1. In an apparatus for controlling the flow of
weated air from a source thereof into a room the
semrperature of which is to be maintained at a
seiected vaiue: a thermal sensing element re-
bi_.OilSlh.. io the temperature of the room, a
chermeal responsive member eperable to vary the
flow of heated air into the room, an enclosure
for said thermal responsive member having inlet;
anc cutlet openings, a eonduit for the transmis-
s100 of heaied air from sa2id source into said en-
clesure, closure means for said outlet opening
ocperable hy said thermal sensing element for
selectively directing heated air from said eonduit
*E:,fJ Sald thermal responsive member and for utiliz-
ing the kinetic energy of the heated air trans-
mitved through =aid cenduit to draw air from
tne reom through saild inlet opening to said
thermial responsive member dependant uvon the
f sviation of the room temperature from said se-

ected value.

Z. In an apparatus for controlling the flow of
heated gir from a source thereof into a room the
semperature of which is to be maintained at a
selected value: a thermal sensing element re-
sponsive to the temperature of the room, a
thermal responsive member operable to vary the
0w of heated air into the room, an enclosure for
said thermal responsive member having inlet and
cutiet openings, a conduit extending from said
source of heated air into said enclosure and hav-
ing its outlet directed toward the outlet opening
*1.:1 salig enclosure, closure means for the outlet

pening in said enclosure operable by said
.,,_1*11 mal sensing element for selectively directing
eated air from said conduit to said thermal re-
nonsive member and for utilizing the kinetic
nergy of the heated air discharged from said
condulit cutiet to aspirate air from the room
vhrough the enclosure inlet opening to said ther-
mal responsive member dependant upon the de-
viavion of the room temperature from said select-
ed value.

3. AN apparatus for controlling the flow of
heated air from a socurce thereof into a room
the vemperature of which is to be maintained

at o selecied value comprising: a thermal sensing

5
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elemens responsive to the temperature of the -

0CIa, 8 thermal responsive member, a. damper
congroliing the flow of heated air into the room,
iinkage means connecting said thermal respon-
sive member and said damper, said damper being
moveable by said member in response to varia-
ticns In the temperature thereof, an enclosure for
saldl thermal responsive member having inlet and
cutiet openings, a conduit extending from said
gurce of heaved air invo said enclosure and hav-
g its cutlet directed toward the outlet opening
i the enclosure, closure means for the outlet
cpening in sald enclosure operable by said ther-
31 sensing eiement for selectively directing
icated alr irom the conduit to the thermal re-
ponsive member and for utilizing the kinetic
exviergy of the heated air discharged from said
: f”UJ.J outiey 10 aspirate air from the room
ugh the encliosure inlet ovening to said ther-
1 responsive member dependant upon the
rigtion of the room itemperature from said

cted value.

4. In a conaitioned air regulating system, the
combination of a damper controlling the flow of
cchditioned air to an enclosure, a first tempera.-
ture responsive element controlling the position
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of said damper, a chamber for said element, a
first conduit connecting said chamber with said
eneclosure, a second conduit connecting said cham-
ber with a variably obstructed opening, a valve
member adjacent said opening and moveable be-
tween a first position wherein sa2id opening has
a maxXimum obstruction and a second position
wherein said opening has a minimum obstruc-
tion, a third conduit connecting said second con-
duit with the conditioned air supply and adapted
to discharge conditioned air through said second
conduiv. and out said opening as said valve mem-
per approaches its second position and to direct
conditioned air through said second conduit to
said first temperature responsive element as said
valve member approaches its first position, g
second temperature responsive element control-
ling the position of said valve member, whereby
the po'::ltmn of said damper is controlied by the
differential in temperature existing between the
conditioned air temperature angd the enclosure
alr temperature thr augh the operation of the air
affecting said first temperature responsive ele-
ment, sald last mentioned air comprising en-
closure air aspirated through said first conduit
when said valve member approaches its second
position and comprising conditioned air directed
through said second conduit when said valved
member apvroaches its first position.

5. In an apparatus for controlling the ﬂow of
conditioned fiuid from a source thereof into an
enclosure the condition of which is to be main-
tained at a selected value: a first condition re-
sponsive membpeyr responsive to the condition of
said enclosure, @ second congdition responsive
member operable to vary the flow of conditioned
flyid into said enclosure and means for changing
the condition of the fiuid ambient to said secongd
condition responsive member, said means includ-
ing a chamber having openings and housing said
second condicion responsive member, one of said
openings connecting said chamber with said en-
closure at a position opposite from the other of
sald openings, a conduit extending from said
source of conditioned fluid to said chamber, and
closure means for said other opening and oper-
able by said first condition responsive member to
selectively direct conditioned air to said second
condition responsive member and to aspirate en-
closure air through said inlet opening to said
second condition responsive member,

6. In an apparatus for controlling the flow
of conditioned fluid from a source thereof into
an enclosure the condition of which is to be
maintained at a selected value: a first condition
responsive member responsive to the condition
of said enclosure, a second condition responsive
member operable to vary the flow of conditionead
fluid into said enclosure, a conduit connecting
sald second condition responsive member with
said enclosure, and means controlled by said first
member utilizing the kinetic energy of the con-
ditioned fluid for drawing fluid from said en-
closure to said second member through said con-
duit and for directing conditioned fluid from
the source to said second member, dependant
upon the deviation of the enclosure condition

from said selected value.

7. In an apparatus for controlling the flow of
heated air from a source thereof into a2 room the
temperature of which is to be maintained at a
selected value: a first thermal responsive mem-
ber responsive to the temperature of the room,
a second thermal responsive member operable
to vary the flow of heated air into the room, a
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7.
conduit connectinig said second thermal respon-
sive member with the room, and means controllad
by said first member utilizing the kinetic energy

of the heated air for drawing air from the room
to said second member through said conduit
and for directing heated air from the source 1o

said second member dependant upon the devi-
ation of the room temperature from said

selected value.

8. In a conditioned air regulating system, the
combination of a conditioned air conduit form-
ing a source of conditioned air and leading to an
enclosure, 2 damper controlling the admission
of conditioned air to said enclosure, a first tem-
perature responsive element controlling said
damper in accordance with temperature changes
affecting said element, a system of conduits con-
necting said conditioned air conduit with said
first temperature responsive elemsent, conneci-

e

10

15

ing said enclosure with said first temperature 20

responsive element and connecting said con-
ditioned air conduit with a valved opening, a
second temperature responsive element controll-

e

8

ing said valved opening whereby enclosure tem-
perature changes affecting said second temper-
ature responsive element vary the size of said

valved opening to change the direction of flow

of air affecting said first temperature responsive
element to selectively provide conditioned air

and enclosure air and thereby change said
damper position.
CLIFFORD HOTCHKISS.
JUSTIN A. DEUBEL.
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