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THERMOSTAT - AND CONTROL CIRCUIT FOR
HEATING, AIR CONDITIONING AND VENTI-
LATING SYSTEM
Henry C. Bierwirth and Norman L. Rutgers, Marshall-
town, lowa, assignors to Lennox Industries, Inc., a
corporation of Iowa
Filed Apr, 21,1958, Ser.-No. 729,974
11 Claims. = (Cl. 257—287)

This invention: relates- generally to improvements in
electrical control apparatus, and more particularly to new
and improved -electrical control apparatus for an air dis-
tribution system of the type adapted for heating; cooling
and ventilating,.

Those skilled in the art know that the conditioning of
the atmosphere within enclosed areas which have rapidly
varying heat loads and occupancies represents a difficult
problem. This problem exists' because the requirements
for heating, cooling’ and ventilating enclosed- areas, such
as classrooms in schoolhouse siructures, offices in office
buildings, and the like; are affected by the large variety of
complex and changing conditions determining the demands

for conditioned air within such areas

" For example, the conditions within any given classroom
nay change in a matter of miniites from no heat being
required, to heat being required, to cooling being Tequired.
Outdoor air provides an economical source of relatively
cool air for effecting room cooling during all weather con-
ditions in which the outside air temperature is lower than
a comfortable air temperature desired inside the room,
and where still -greater cooling is demanded, suitable air
conditioning apparatus advantageously may be provided
for a further lowering of the room temperature.

It is a general object of this invention to provide new
and improved-temperature control apparatus for effecting
heating, cooling, and ventilating control functions in an
air distribution system. .

More -particularly, it is an object of this .invention to
provide an air distribution system in which three stage con-
trol—heating, cooling and ventilating—is achieved with
a single, unitized temperature control apparatus. }

It is a further object of this invention to ‘provide an im-
proved temperature. control circuit comprising the com-
binationof air heating means, air cooling means, air vent-
ing means and unitized control means for selectively con-
trolling the operation of the heating, cooling and venting
means. o SR

It is a still further object of this:invention to provide
an - improved temperature contro] circuit, as described
above, wherein said- unitizéd control ‘means comprises a
single multi-contact mercury tube switch. - operatively
mounted on a single bi-metal element.

It is another object of this invention to provide an im-
proved temperature control circuit,- as described above,
which eliminates any overlapping of the heating and ven-
tilating operations, or of the air conditioning and ventilat-
ing operations in the area being controlled;

It is still another object of this invention to provide
improved temperature control apparatus, as described
above, which is characterized by its compactness, its sensi-
tivity, and its economy of construction and operation.

These and other objects are realized in accordance with
the features of a specific illustrative embodiment of the
invention, wherein a multi-contact switch positioned with-
in a single mercury tube is mounted on a single bi-metal
element, which advantageously may be in spiral form.

The mercury tube is constructed so that the mercury
fill will make and break the enclosed contacts on nearly a
zero-differential therma] change. This contact action has
heretofore been known as a walking contact. Advantage-
ously, the mereury tube is provided with an elongated
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common contact which at all times is in electrical connec-
tion with the merucry fill,

In accordance with one feature of the invention, a heat-
ing contact and a latch contact are provided at one end
of the mercury tube. As the bimetal on which the mer-
cury tube is mounted cools, the tube is rotated in one
direction to complete an electrical circuit to a heating
relay which operates to cause the heater to be energized.
The latch contact also is connected to the common contact
to maintain the heater energized until heating of the. bi-
metal causes it to rotate in the opposite- direction and
break -the heating and latch contacts,

In accordance with a further feature of the invention,
a vent contact and a cooling contact are provided in spaced
relation at the other end of the mercury tube,

A continued rise in room temperature rotates the mer-
cury tube in the opposite direction until the mercury £l1
electrically connects the vent contact to the common con-
tact to operate a venting relay and energize the ventilation
motor. If further cooling is demanded; as indicated by a
continued rotation of the bi-metal, a circnit is completed
between the cooling contact and ‘thé common contact to
operate the cooling relay and thereby energize the air con-
ditioner. ~Advantageously, the circuit to the ventilation
motor is broken during the time the cooling relay is oper-
ated. N ’ ' o ’ :

Accordingly, it will be appreciated by those skilled in
the @rt that the novel comstruction of the invention per-
mits a full range of temperature control by means of a
single multi-contact mercury switch mounted on 2 single
bi-metal, and operatively connected in circnit with heat-
ing relay means, venting relay means, and cooling relay
means. The above and other feéatures of novelty which
characterize the invention are pointed out with particu-
larity in the claims annexed to and forming a part of this
specification. ' For a better understanding of the invention,
however, its advantages and specific objects attained with
its use, reference is had to the accompanying drawing and
descriptive material in which is shown and described two
illustrative - embodiments of the invention.

In the drawing:

FIGURE 1 is-a schematic diagram representation of
one air distribution control circuit embodying the inven-
tion, and )

FIGURE 2 is a schematic diagram representation of an
alternative embodiment of air distribution control circuit
in accordance with the invention.

Referring now to the drawing, and more particularly
to FIGURE 1 thereof, there is shown a specific illustra-
tive embodiment of an air distribution’ control circuit in-
corporating the principles of the inverition. The illustra-

~+ tive circuit includes heating means'in the form of a heater
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10, venting means in the form of a vent motor 12, cooling
means in the form of an ‘air-conditioner 14, and unitized
control means for selectively controlling the operation ‘of
the heating, venting, and cooling means. In accordance
with an aspect of this invention, the unitized control means
comprises a single, e]pngated,jmul’ti'-contact mercury tube
switch 16 operatively mounted on a ‘thermal motor such
as the ‘spirally wound bi-metal 18, The mercury tube
switch 16 advantageously may be mechanically supported
by the bi-metal 18 in any suitable fashion, as by the clamp
20 positioned around thé mercury tube.

In the embodiment shown in FIGURE 1, the multi-
contact mercury tube switch 16 comprises a single enve-
lope havin therewithin: five ¢'ectrical confacts and a mer-
cury fill 22. An elongated common contact 28 extends
substantially the.length ‘of the tube and is in constant elec-
trical contact with the mercury fill 22 At one end of the
mércury tube, as shown in FIGURE 1, there is provided
a pair of spaced contacts for controlling the heater 10,
said spaced contacts .comprising:a latch contact 26 and a
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heating control contact 24. At the other end of the mer-
cury tube, as shown in FIGURE 1, there is provided a
pair of spaced contacts for controling the vent motor 12
and air conditioner 14, the vent control contact being
identifizd at 38 and the cooling control.contact being identi-
fied at 32.

It will be appreciated by those skilled in the art that
the contraction and expansion of the bi-metal 18 in re-
sponse to temperature changes will rotate the mercury
tube 16 in either a clockwise or counter-clockwise direc-
tion. As shown.in FIGURE 1, mercury tube 16 will be
rotated in a clockwise direction in response to falling tem-
peratures, and conversely tube 16 will be rotated in a
counter-clockwise direction in response to rising tempera-
tures, as indicated by the arrows 34 and 36 respectively.
Advantageously, the mercury tube 16 may be so con-
structed that the mercury fill 22 will make and break the
enclosed contacts on nearly a zero-differential thermal
change. This contact action has been described as a
walking contact. Preferably, the bottom of the mercury
tube may be gently radiused to eliminate the over-center
or snap-acting switching conventionally associated with
a mercury tube switch.

A source of electrical power 38 is connected to the
primary winding 40 of a transformer 42. The secondary
winding 44 has one terminal thereof connected.to the
common contact 28 within the mercury tube. The other
terminal of the secondary winding 44 is connected to the
winding 46 of a double-pole, single-throw relay R1 which,
in turn, is- connected to the heating control contact 24
within the mercury tube. The latch contact 26 within the
mercury tube. is connected through a heat anticipator re-
sistance 48 and the normally open contacts K1 of relay
R1 to.the heating control contact 24. A further pair of
normally open contacts K1’ of relay R1 are connected in
the energizing circuit for the heater 10, such that closure
of contacts K1’ causes the heater to be energized.

The vent control contact 30 within the mercury tube
is connected through the normally closed contacts K2 of
a double-pole, double-throw relay R2 to a negative co-
efficient thermal resistor 50, sometimes known as. a ther-
mistor, which in turn, is connected through the normally
closed contacts K4 of a limit type ambient switch and
the ‘windings 52 of the vent relay R3 to the secondary
winding 44 of the power transformer. The normally
open contacts K3. of relay R3 are connected in the ener-
gizing circuit for the vent motor 12 such that closure of
the contacts K3 causes the vent motor to be energized.

The cooling control contact 32 in the mercury tube is
connected through the winding 54 of the double-pole,
double-throw relay R2 to the secondary winding 44 of the
power transformer. The normally open contacts K2’ of
relay R2 are connected to the relay winding 54 such that
energization of the winding 54 causes the normally closed
contacts K2 to. be opened and the normally open con-
tacts K2’ to be closed. The normally open contacts X2
of relay R2 are connected in the .energizing circuit of the
air conditioner 14 such that closure of the contacts: K2’
causes the air conditioner 14 to be energized.

The operation of the circuit shown in FIGURE 1 will
now be described. As the bi-metal 18, on which the
mercury tube 16 is:mounted, cools:in response to falling.
temperatures, the mercury tube. 16, as illustrated in FIG-
URE 1, rotates in a clockwise direction. The making of
the latch contact 26 and the common contact 28 by the
mercury fill 22 has no result at this time since the latch
circuit is open at the contact K1 of the heating relay R1.
However, continued cooling of the bi-metal 18 causes a
further clockwise rotation of the mercury tube which re-
sults in.the making of the heating control contact 24 and
the common contact 28 by the mercury fill 22. This
causes winding 46 of relay R1 to.be energized and the
relay R1 contacts K1 and K1’ close. Closing of contacts
K1’ causes the heater. 10 to:be energized, and closing of
the contacts K1 latches or-holds: the-relay R1.in the ener-
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gized condition until such time as the heating of the bi-
metal 18 rotates the mercury tube in a counter-clockwise
direction to break contact between the latch contact 26
and the common contact 28.

The rise in Toom temperature rotates the bi-metal driv-
en mercury tube 16 in a counter-clockwise direction, as
illustrated in FIGURE 1. Rotation in this direction first
causes completion of a circuit through the vent control
contact 39 and the common contact 28. After a de-
terminable time delay required to reduce the resistance
of the thermistor 50, the vent relay R3 will be energized
to close its contacts K3 to energize the vent motor 12,
thereby opening the outside air dampers. It should be
noted that the limit type ambient switch contacts K4 are
normally closed, but if the ambient switch indicates that
the outside air temperature is too high to permit the out-
side air to be used for cooling purposes, the contacts K4
will be open and the vent motor 12 cannot be energized.

If. still further cooling is demanded, as indicated by
further counter-clockwise rotation of tube 16 by the bi-
metal 18, a circuit will be completed between the cooling
control contact 32 and the common contact 28 to cause
winding 54 of the cooling relay R2 to be energized. En-
ergization of relay R2 closes the normally open contacts
K2 to energize the air conditioner 14 and, at the same
time, the normally open contacts K2’ are closed to hold
the relay R2 energized until the vent control contact 30
and the common contact 28 break within the mercury
tube as a result of the temperature falling below the de-
sired.level.. The closing of the contacts K2’ causes the
contacts K2 to be opened so that the circuit to the vent
motor 12 will be broken as long as the cooling relay R2
is energized.

A modification of the circuit of FIGURE 1 is shown
in FIGURE 2 of the drawing wherein like elements have
been given like reference numerals. In the circuit of
FIGURE 2, the mercury tube 60 differs from the tube 16
of FIGURE 1 in that it comprises at one end thereof a
latch contact 26 and a heating control contact 28, at the
center portion thereof.a vent control contact 62 extending
downwardly into the tube 60 as illustrated, and at the
other end thereof a cooling control contact 32 and a hold-
ing contact. 64.

Cooling’ control contact 32 is connected through the
winding 54 of the cooling relay R2 to the secondary wind-
ing' 44 of the power transformer. The. holding contact
64 is connected through the normally open contacts K2
of the cooling relays R2 to the winding 54 of the cooling
relay R2 such that energization of relay R2 causes the
contacts K2 to be closed to maintain the relay energized
until the contacts 64 and 24 within the mercury tube are
broken. The vent control contact 62 within the mercury
tube 60 is connected through the limit ambient switch
contacts K4 and the thermistor 50 to the winding 52 of
the vent relay R3. :

As the bi-metal 18 on which the mercury tube 16 is
mounted cools in response to falling temperatures, the
mercury- tube 60 rotates in a clockwise direction, as il-
Iustrated by the arrow 34. The making of contacts 26
and 24 results in no action at this time since the latch
circuit is open at the contacts K1 of the heating relay R1.
However, further cooling of the bi-metal 18 results in a
further clockwise rotation of mercury tube 16 to make the
contacts 28 and 24, thereby energizing the winding 46 of
the relay R1. This causes the contacts K1’ to be closed to
energize the heater 10 and also causes the contacts K1
to be closed to latch or hold the relay R1 energized. until
the contacts 26 and 24 break within the mercury tube.

Heating of the bi-metal 18 in response to rising tem-
peratures results in a counter-clockwise: rotation of mer-
cury tube 60, as illustrated by the arrow 36, to first make
the contacts 62 and 24 for completing the circuit through

the relay R3, thereby causing the vent motor 12 of the

ventilating' air damper. to be energized.
Further heating of the bi-metal 18 causes a.furtherro-
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tation of mercury tube 16 which breaks the contacts 62
and 24, resulting in the de-energization of the vent motor
12 and the closing of the ventilation air dampers. Fur-
ther heating of the bi-metal, and consequently further
counter-clockwise rotation of the mercury tube 60, makes
the contacts 64 and 24 with no result at this time since
the holding circuit for the cooling relay R2 is opened at
the cooling relay contacts K2’. However, further counter-
cockwise rotation of mercury tube 60 makes the contacts
32 and 24 which results in the energization of the winding
54 of the cooling relay R2. " This, in turn, causes the cool-
ing relay K2” to be closed to energize the air conditioner
14, and also causes the hold contact K2’ to be closed for
holding the cooling relay R2 energized so that the air con-
ditioner will continue to operate until the contacts 64 and
24 break within the mercury. tube.

Thus, we have shown and described an improved tem-

perature control circuit which utilizes unitized control

means in the form of a single multi-contact mercury tube
switch operatively mounted on a single bi-metal element
for selectively controlling the operation of heating, cool-
ing, and venting apparatus.

It will be appreciated by those skilled in the art that the
use of the invention prevents the overlapping of the heat-
ing and ventilating functions, or of the air conditioning
and ventilating functions in the area being controlled.
The use of the invention is particularly helpful in heavily
occupied areas in which outside air may be -used for
cooling-much of the year so that mechanical air condi-
tioning is not required. o

While particular embodiments of the invention have
beendescribed in detail for the purpose of teaching the
principles of the invention, it will be understood by those
skilled in the art that these embodiments- are illustrative
only -and are not to be taken as definition of the scope
of the invention, reference being had for this purpose to
the appended claims. i

What is claimed as the invention is:

1. In an air processing and distribution system having
air heating means, air venting means, and air cooling
means, the improvement of heating, venting and cooling
control relays, control means for selectively operating
said heating, venting and cooling control relays in accord-
ance with semsed temperature changes comprising a
spirally wound bi-metal, an elongated, multi-contact mer-
cury tube switch mounted on said bi-metal and adapted to
be rotated thereby in response to temperature changes,
said mercury tube switch including a mercury fill, a com-
mon contact in constant electrical contact with said mer-
cury fill, a heating control contact at one end of said
mercury tube, circuit means connecting said heating con-
trol contact to said heating control relay such that rota-
tion of the tube by the bi-metal in one direction in re-
sponse to a dropping temperature causes the mercury fill
to complete an electrical circuit including said heating
control contact, said common contact and said heating
control relay to energize the latter, a venting control con-
tact and a cooling control contact positioned in spaced
relation at the opposite end of said mercury tube, circuit
‘means connecting said venting control contact to said
venting control relay such that rotation of the tube by the
bi-metal in the other direction in response to a rising tem-
perature causes the mercury fill to complete an electrical
circuit including said venting control contact, said com-
mon contact, and said venting control relay to energize
the latter, and circuit means connecting said cooling con-
trol .contact to said cooling control relay such that the
further rotation of the tube by the bi-metal in said other
direction in response to further rising temperatures causes
the mercury fill to complete an electrical circuit including
said cooling control contact, said common contact and
said cooling control relay to energize the latter.

2. An air processing and distribution system in accord-
ance with claim 1 further comprising a latch contact in
spaced relation with said heating contro! contact at said
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6 .
one end of said mercury tube, and circuit means con-
necting said latch contact to the heating control relay to
maintain the latter energized until the tube is rotated in
said other direction in response to rising temperatures a_
sufficient amount to break contact between said latch con-
tact and said common contact. :

3. An air processing and distribution system in accord-
ance with claim 1 further comprising a negative tempera-
ture coefficient element connected in the circuit means
connecting said venting control contact to the venting con-
trol relay for providing a determinable time delay period
before the venting control relay is permitted to be
energized. ‘ ) .

4. An air processing and distribution system in ac-
cordance with claim 1 further comprising a pair of nor-
mally closed ambient switch contacts connected in the
circuit means connecting said venting control contact to
the venting control relay, said ambient switch contacts
being responsive to the outside air temperature and.
being operable to open the venting circuit to prevent oui-
side air from being vented wherever the temperature of
the outside air exceeds the values desired for cooling
purposes. )

5. In an air processing and distribution system having
air heating means, air venting means, and air cooling
means, the improvement -of heating, venting and cooling
control relays, unitized control means for selectively-cp-.
erating said heating, venting and cooling -control relays:
in accordance with sensed temperature changes compris-
ing a thermal motor, an elongated multi-contact mercury
tube switch mounted on said thermal motor and-adapted
to be rotated thereby in response to temperature changes,
said mercury tube switch including a mercury fill, a com-
mon contact in constant electrical contact with said mer-
cury fill, a plurality of spaced temperature control con-
tacts disposed within said mercury tube and circuit means
connecting said temperature control contacts to the heat-
ing control relay, venting control relay and cooling con-
trol relay such that rotation of the tube by the thermal
motor in one direction in response to a dropping tempera-
ture completes an electrical circuit to energize the heating
control relay, rotation of the tube by the thermal motor
in the other direction in response to a rising temperature
completes an electrical circuit to energize the venting con-
trol relay, and further rotation of the tube by the ther-
mal motor in said other direction in response to further
rising temperatures completes an electrical circuit to ener-
gize the cooling control relay.

6. An air processing and distribution system in accord-
ance with claim 5 wherein said thermal motor includes
a spirally wound bi-metal and clamping means for sup-
porting said elongated, multi-contact mercury tube switch
secured to said bi-metal.

7. An air processing and distribution system in ac-
cordance with claim 5 wherein said plurality of spaced
temperature control contacts ccmprise a heating control
contact positioned at one end of the mercury tube, and
venting control -and cooling control contacts positioned
in spaced relation at the other end of said mercury tube.

8. An air processing and distribution system in accord-
ance with claim 7 wherein said plurality of spaced tem-
perature control contacts further comprise a latch contact
for the heating control relay positioned in spaced rela-
tion to said heating control contact at said one end of
said mercury tube.

9. An air processing and distribution system in accord-
ance with claim 5 wherein said plurality of spaced tem-

- perature control contacts comprise a heating control con-

70

tact and a latch contact for said heating means posi-
tioned in spaced relation at one end of said mercury tube,
a cooling control contact and a latch contact for said
cooling means positioned in spaced relation at the other
end of said mercury tube, and a vent control contact po-
siticned intermediate said heating control and said cool-
ing control contacts.
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10. Tn an air processing and distribution system having
air venting means and air cooling means, the improve-
ment of venting and cooling relays, a control circuit for
selectively operating said venting and cooling relays in

accordance with sensed temperature changes comprising .

a spirally wound bi-metal, an clongated multi-contact
mercury tube switch mounted on said  bi-metal aznd
adapted to be rotated thereby in response to temperature
changes, said mercury tube switch including a mercury
fill, a common contact in constant electrical contact with
said mercury fill, a venting control contact and a cooling
control contact positioned in spaced relation at one end
of said mercury tube, circuit means connecting said vent-
ing control contact to the venting relay such that rotation
of the tube by the bi-metal in response to a rising temper-
ature causes the mercury fill to complete an electrical
circuit including said venting control contact, said com-
mon contact, and the venting relay to energize the latter,
and circuit means connecting said cooling control contact
to the cooling relay such that the further rotation of the
tube by the bi-metal in the same direction in response to
further rising temperatures causes the mercury fill to
complete an electrical circuit including said cooling con-
trol contact, said common contact and the cooling relay
to energize the latter.

11, In an air processing and distribution system having
air heating” means, air venting means, and air coocling
means, the improvement of heating, venting and cooling
control relays, control means for selectively operating
said heating, venting and cosling contro] relays in accord-
ance with sensed temperature chariges comprising a spi-
rally wound bi-metal, an elongated multi-contact mercury
tube switch mounted on said bi-metal and adapted to be
rotated thereby in response to temperature changes, said
mercury tabe switch including a mercury fill, a common
contact in constant electrical contact with said mercury
fill, a heating control contact at one end of said mercury
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tube, circuit means connecting said heating control con-
tact to the heating control relay such that rotation of the
tube by the bi-metal in one direction in response to 2
dropping tempeiature causes the mercury fill to complete
an electrical circuit including said heating control con-
tacts, said common contact and the heating control relay

to energize the latter, a cooling control contact at the op-

posite end of said mercury tube, circuit means connecting
said cooling control contact to the cooling control relay
such that rotation of the tube by the bi-metal in the other

direction in response to rising temperatures causes the-
mercury fill to complete an electrical circuit including said-

cocling control contact, said commén contact, and the
cooling control relay to energize the latter, a venting con-
trol contact positioned intermediaté said heating and
cooling comtacts within the mercury tube, and circuit
means connecting said venting control contact to the vent-
ing control relay such that & lesser rotation than that re-
quired to energize the cooling control relay in response to
rising temperatures causes the mercury fill to complete
an electrical circuit including said venting control con-
tact, said common contact and the venting control relay
to energize the latter.
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