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THERMOSTATS

HEATING THERMOSTAT To make these two different metals work for us, we weld

them together in such a way that they become one solid
piece, but they still keep their individual characteristics
of different rates of expansion.

A thernostat is an adjustable heat actuated switch. Tt
automatically turns heating and air conditioning equip-
ment on and off to maintain constant contrelled tempera-

tures within a building. 1Tt is the brain center of a

home comfort center. For most homeowners it is the only ’/,/’47 Bracs

contact with the egquipment which produces their indoor o : ;;;

comfort. invar

The thermostat is a simple, yet highly-engineered device Now when we apply heat, brass still expands at a faster
which allows the homeowner the capability to control his rate than invar. In order for brass te become longer, it
comfort destiny, The thermostat receives the homeowner's must bend the entire piece into an arc.

command and implements the command to maintain the
comfort level. Many have a thermometer designed into
the cover. The thermometer may be used as a guide when
the heat actuated switch is adjusted.

In its simplest form, a thermostat is a device which
responds to air temperature changes and causes a set of
electrical contacts to "open" or "close."” This is the
basic function cf a thermostat, but there are many differ-
ent types designed to perform a variety of switching

functions. We now anchor one end of the bimetal to somcthing solid,

and the free end will now move down or up with an increase
One of the early types of heating systems which was or decrease in temperature. By attaching centacts to the
capable of some degree of automatic control was the hand free end and placing other stationary contacts nearby, we
fired coal furnace. Thermostatic control of this system can get different switching actions with changes in tem-
was accomplished with a SPDT thermostat and a damper perature.

motor. The physical layocut of this system is shown below:
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=% — g In* low voltage bimetal thermostats we want as much bimetal
TRANSFORMER : ¥ —4 area as possible to be exposcd to the changes in room air
2 temperature. We do this by forming a long piece of bimetal
bk > intc a small coil.
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When the thermostat called for heat, the damper motor
shaft would turn, opening the draft damper which would
increase the combustion in the fire box. When the room
thermostat was satisfied, the draft damper would close
and the check damper would open which would tend to re-
;:ggmgg?guztlon. This was a long way from the completely Bimetal devices are made in a variety of sizes, shapes
ystems of today, but it was the beginning of - - T g’ sh bimetal closes
automatic control for residential heating systems. and configurations. The "U" in a "U" shape bimeta’ C 0%
on a temperature rise and opens on a temperature fall.

The bimetal room thermostat gets its name from the fact A spiral 5haP§’bimeta1AtWiSt5dﬂg§gUﬂ§¥12:;lwzsg gh:nd
that it uses a bimetal to open or close a set of contacts temperature c dngis. i1 quge dkc %md Eacg Shoee
upon an increase or a decrease in room air temperature. unsnaps; a bimetal coil winds and unwinds. ¢ pd
Just for the sake of review, let's look at how a bimetal has its particular advantage, depending upen where an
works. A bimetal is two pieces of metal, which, at a how it is used.

iven temperature, are the same . . : :
g P ' length The different bimetal shapes are used in various other

heat sensitive, electrical switching devices such as

limit overloads and relays. These various electrical
I B ] components will be discussed in detail later.
If we increase the temperature of these two pieces of
metal, one will become longer than the other. This is
because they are different metals having different rates
of expansion. “ur Spiral
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TEMPERATURE INDICATCR

When one end of the bimetal is anchored, the other will
move up and down as the temperature increases and de-
creascs.

When a temperature scale is placed at the free end, this
bimetal can be used to indicate the temperaturc of the
air. It then becomes a thermometer.

Lower
Temp.

Higher

80

The thermostat utilizes the bimetal coil for both the
temperature control setting and the room temperature
indicator (thermometer].
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6o’ 80°
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BIMETAL TEMPERATURE SWITCH

The bimetal coil used in the thermostat for controlling
the heating and cooling system has the advantage of

being compact, yet extremely sensitive to small changes

in temperature. Its light weight, surface area, and
thinness cause it to react quickly to temperature changes
in the air arocund it. The coiled bimetal can be anchored
at either the inside or outside end. In most thermostats,
it is anchored in thc center. As the temperature changes,
the ¢oil winds and unwinds moving the cuter end in an arc.

©® © @

Lower Temp.
Room Temp
Higher Temp.

SWITCHING MECHANISMS

If an electrical contact is placed on the cnd of a bi-
metal, and the contact touches a fixed contact as the
bimetal warps, the bimetal becomes a switch. The bi-
metal now has the capacity to automatically activate
electrical devices as the temperaturc changes.

Bimezal

I“ Fixed Contact

EXPOSED CGNTACTS

ENCLOSED CONTACT SWITCH

There are disadvantages, however, with the contact on the
surface of the bimetal. Since the contucts arc exposed
openly on the surface, the contucts can become dirty,
Oxlidation and corrtosion may also occur, hampering clec-
tricul conductivity producing an arcing effect.

Because ol the problems of exposcd contact, the encloesed
contmct switch was developed., the switch contacts are
sealed in a glass tubc to protect them from dust or
noisture. The contacts open and ¢lose depending on the
movement of a magnet, which is attached to the moveable
cnd of the bimetal. The position of the magnet is con-
trolled by bimetal responses to room temperature. There
are also disadvantages to this type of switch. Besides
the extrua expense to make the switch operate, there is a
risk of cracking the glass tube with all the moveable
parts inside.

Bimetal

~nNY

Permanent Magnet

I:\,,,,'

Gass Enclosure Maveable Cantact

MERCURY SWITCHES

Another kind of switch which turns the furnace on and off
is called a mercury switch or bulb.

The mercury switch consists of a sealed glass tube con-
taining two clectrodes and a small droplet of mercury.
When this tube is tipped in one direction or the other,
mercury flows to the lowest end.

When the mercury is at the end opposite the electrodes,
the switch 1s open and no current can flow.

When the tube is tipped in the other direcction, the
mercury [lows to the electrodes, making contact with
both ol them completing an clectrical circuit. Mercury
is an excellent clectrical conductor; therefore, current
can flow from one electrode to the other through the
mercury. The switch is now closed.

Electrodes Glass Tube
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Open
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Wires Mercury

- Clesed

So that the switch can turn on and off with changes in
temperature, 1t is mounted on the cutslide of the bimctal
coil.  When the coil winds and unwinds, it will tip the
mercury bulb back and torth.

Rimetal Coil




For cxample, when the temperature goes down, the coil
winds up tighter, tiltinp the bulb so the nmercury flows
to the electrodes. This starts the furnace. The thermo-
stat is said to be making a "call for hcat".

il

Burner On

Call For Heat

cl

When the temperaturec goes high enough te cause the coil
to unwind and tip the bulb in the other direction, the
mercury flows away from the electrodes. The circuit is
then opened and the furnace stops. The thermostat is
then said to be “satisfied".

Burner Off

ﬂ
O Satisfied

In order for the mercury switch thermostat to operatc
properly, the thermostat must be level. The mercury
switch is affected by gravity since gravity causes the
mercury to flew from one end of the bulb to the other
when tilted.

The mercury switch is not immune to mallfunctions. The
conductivity of the mercury can bec adversely affected
should the glass tube become cracked or if the thermo-
stat is wired into the line voltage circuit. 1TIn either
case oxidation, or "mercury distortion’, can occur. When
the film [rom oxidation bullds up on the mercury and the
mercury comes in contact with the electrodes, the film
can cause an insulation effcct on the clectrodes which
affects their operation.

DIAL ADJUSTMENT

Becausce different people will pretfer different room
temperatures, an adjustment must be provided to keep the
room warmer or cooler, as desired. This is done by pro-
viding a dial on the thermegstat, which can be set to the
temperature the homeowner wants to maintain. This dial
is connected to the anchor at the center of the bimetal
coil.

Thermostat Dial

wWhen the thermostat is turned dewn to a lower temperature
setting, it tips the coil. Now rhe coil must get cooler
and wind up tighter before the furnace comcs on.

]
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Lower Temperature Setting

If a higher temperaturc is desired, the thermostat is
turned up. This rotates the coil in the opposite di-
rection so the {urnace will run lonper before the tem-
perature gets high enough to unwind the coil and turn it
off.

The thermostat. thercfore, becomes an automatic switch
turning the furnace on and off, allowing the homcowner
to choose his own temperature.

Higher Temperature Serting

DIFFERENTIAL

The thermostat will hold room temperaturc in agrcement
with the dial setting. However, a serious problem can
take place within the thermostat. Vibratien, even from
a person walking across the room, <¢an bounce the mercury

bulb causing the furnace to cycle on and off rapidly
This

("fast-cyele”) or "chatter™. is hard on the furnace

as well as the nerves.

Bounce Due to Vibration

In order to overcome this problem, the glass bulb inside
the thermostat is shaped slightly like a bean with a
little hump in the center. The mercury must run over the
hump when the bulb is tilted. It takes a little more
tilt in either direction to get the mercury flowing from
one end to the other. To achieve this extra tilt, the
room temperature must be a little lower than the tempera-
ture setting to turn the furnace on, and a little higher
to turn the furnacec off.

Elecirode End Open End

Must be tiited this much
for the mercury to run
from the open end to
the electrodes.
The weight of the mercury works 1n conjunction with the
shape of the bulb to control vibration and chatter. The
weight of the mercury delays movement of the himetal,
In terms of temperature, this means the himetal coil
must wind or unwind a little more to cause the bulb to
tilt and the mercury te flow,

Must be tilted this much
for the mercury to run
from the electrodes to
the open ends
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Dial Setting at 70*

Yurns on Turns off
at 70° room at 72 roem
temperature temparature




Temperatura

The shape of the bulb and weight of the mercury cause the
thermostat to turn the furnace off at a higher tempera-
ture than it turns the furnace on. This huilt-in tem-
peraturc difference is two degrecs and is called a
TEMPERATURE DIFFRRENTIAL (see graph). TIf the temperature
control setting is set for 6B°F, thc furnace will he
turned on when the temperature falls to a temperature
approximately 1°F lower than the bet point. Therefore,

a slight vibration and pounding wen't cause the switch

to rapidly open und close.

Temperature Differential

m/ Temperature Overshoot
69° ,

Thermostat
&8 Aoom Temperatura Temperature
Differential
78 \7//4
z System lLag
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THE THERMOSTAT AND THE SYSTEM

In any type of heating system, the success of the ther-
mostat depends on several factors. TFirst, the heating
system must be of the right size (BTU output) to meet
the needs of the area being heated. Second, the air
distribution system must be properly designed and in-
stalled so that there is even air distribution to all
rooms. Third, the thermostat must be located so that
it can "feel” the average air temperature in the area
being heated.

| Fert temparature changw - Bitiarensial - &
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By having an improper balance of heating system size,
thermostat location or air distribution we might expect
a fast temperature change in the area being controlled.
These conditions could result In a wide temperature
differential as shown in Figure 1.

TIME—————>

Fig. 2

Slow tempscature change - nuurnqnul—z

However, when we properly size the heating plant,
balance the air distribution and properly locate the
thermostat, we will have a slower temperaturec change
and thus a narrower differential as shown in Figure Z.

FORCED WARM AIR SYSTEM—NON-ANTICIPATED THERMOSTAT

The temperature lever on the thermostat is set at &8°F,
the furnace has heen off for some time and the room air
temperature is dropping slowly. The bimetal element has
been following the air temperature change and will close
the electrical contacts at 68°F. This causes the heat-
ing system to start. At this moment no warm air is
being delivered to the room because the heating system
must "warm-up" to the '"fan-on" setting on the fan
control.

While the heating system is "warming-up",
temperature will continue to drop slowly. Depending

on the type of heating system, the room air temperature
will drop to 67%°F, 67°F or more befoTe the blower
comes on and the warm air is "felt" by the thermostat
bimetal. This difference in temperature between the

the room air

point at which the thermestat contacts close and the
point the air temperature at the thermostat starts to
rise is known as "system lag'. The amount of "system
lag"” in deyrees F will depend on the thermostat location,
type and size of the furnace and the design of the air
distribution system.

and the blower running, the room
air temperature will continue to rise. TIf the thermostat
has a mechanical differential of 2°F, the electrical con-
tacts will open at 70°F and shut down the primary control
on the furnace. lHowever, the furnace is still "hot" and
the Dlower will continue to deliver warm air to the room
until the furnace temperature drops to the "fan-off"
setting on the fan control. The additional heat that has
heen delivered to the room after the thermostat contacts
have opened is called "overshoot'. This "overshoot” can
carTy the room air temperature to 70%°F, 71°F or higher.

with the furnace "eon”

The effect of "system lag" and '"overshoot" are shown in

Figure 3.
Heat Anticipation
\ Thermostat
55° 3 Room Temperature Temperature
Differantial
7 \ 774
A System Lag

T
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Fig. 3

FORCED WARM AIR SYSTEM — ANTICIPATED THERMOSTAT

To reduce the wide differential resulting froem a non-
anticipated thermostat, we simply add a small amount of
heat to the bimetal element so that it is slightly warmer
than the surrounding room air temperature. We do this by
placing a resjstor in the thermestat close to the bimetal
element. This resistor is in series with the contacts.
When the contacts close and the primary control is ener-
gized, the current flowing through the primary control
must alsc flow through the resistor. The current flowing
through the resistor causes it to heat-up, which in turn
heats the bimetal element. Thus, we "anticipate™ the
point at which the thermostat contacts should open to
give us a narrow differential.

With the same setting of 68°F as in the previous example
and the furnace "off", the bimetal element temperature

is dropping slowly. When the bimetal element temperature
reaches 68°F the contacts c¢lose, turning the furnace "on".
At this point the anticipating resistor begins to heat-up,
which in turn heats the bimetal element.

The room air temperature will drep slightly before the
blower comes on and warm air is delivered to the room.
The Toom air temperature now begins to rise, but the
bimetal element is warmer than the surrcounding air due
to the heat from the anticipating resistor.

With the same mechanical differential of 2Z°F, the ther-
mestat contacts will open when the heat from the antici-
pator raises the bimetal temperature to 70°F. The room
air temperature at this point may be 68%°F and rising.
Because the furnace has been "on" a shorter period of
time, there is less heat left in the heat exchanger.
This means we will have less "overshoot”. In the mean-
time, the bimetal element is cooling down because it is
no longer being heated by the anticipator. Thus, we
begin the cycle all over again.

We have not eliminated "system lag" or
through the use of "heat anticipaticn®
factors to the negligible point.

"overshoot", but
we reduce these

TYPES OF HEAT ANTICIPATORS

Heat anticipators are made in two types: Fixed and
adjustable. A fixed anticipator can be either wire wound
or the carbon resistor type. Fixed anticipators must
match the current draw of the primary contrecl. A number
of different ranges are available. The most versatile
heat anticipator is, of course, the adjustable type.




HOW TO SET AN ADJUSTABLE ANTICIPATOR

The primary purpose ol the adjustable anticipator thermo-
stat is to provide a single thermostat to match almost
any type of primary control in the field today.

oT ’

Fig E-Adust heat snicipater 10 match curent rating
ol the primary eontrol

i .
HEATER INDICETOR £
Y MOYE INDICATOR TO MATCH CURRENT
RAUING DF FRIMARY CONTROL :

USE THIS LEVER 10
ADJJST INQICATOR

The adjustable heat anticipator has a slide wire adjust-
ment with the pointer scalc marked in tenths ol an ampere.
This is used to set the anticipater to agree with the
contrtol amp draw ol whatever furnacc might be used, gas
0il or electric.

1f the primary contrel nameplate has
further adjustment is necessary, use
cedure to determine the current draw

ne rating or if
the following pro-
of each stage.

The current draw of each heating stage must be measured
with the thermostat removed and the power on.

1., Connect an ac ammeter of appropriate range bhetween
the heating terminals of the subbasc-—
Stagc 1—between W1l and RH or R;
Stage Z-—between W2 and RH or R.

Move the system switch to HEAT or AUTO.

()

3. After one minute, rcad the ammeter and record the

reading.

4. After mounting the thermostat, set the adjustablce
heat anticipator(s) to match the respective Teading(s)
measured in step 3.

GAS AND OIL FURNACES

If yvou want to change the cycle for the heating system
you can make a simple adjustment on the anticipater to
do this.

Additional adjustment,
follows:

if necessary, may be made as

Burner cycles
to a slightly

toc short - set adjustable heater
higher dial setting (1/2 division).

Burner cvcles
to a slightly

too long - set adjustable heater
lower dial setting (1/2 divisian}.

Qccasionally you may find a system where longer ar
shorter cycles of the primary control are desirable,

If the primary control draws .45 amps and you want a
longer cycle, set the anticipater to .5 or .6 amps.
This puts less resistance in the circuit. With less
resistance, but the same current ([rom the primary
control), you will generate less ""[alse” heat and get a
longer cycle of the primary centrol.

If a setting of .45 amps on the adjustable anticipator
gives a cycle that is longer than desired, re-set the
indicator te .3 or .25 amps. This will put morc
generate morc

"false"

resistance in the circuit and thus
heat for shorter cycles.

Acceleration

e
current Flow Fj,.—-* D

Heat 2av Heat
Antic- Trans. .AAnl_ir:—
pator ipator

cald

The heat anticipator is connected electrically in series
with the gas valve in a pgas furnacec, the primary control
in an o0il furnace, and with the heat controls in an
electric furnace.

78

ADDITIONAL INFORMATION FOR ELECTRIC HEAT OR
HEAT PUMP APPLICATICONS

Adjust heat anticipator to match current rating of heat-
ing relay for W1 (and W2 if 2-stage}. Movc indicator on
the scale to correspond with this current rating.

Il the current rating is net given, procecd as fellows:

1. Wrap exactly 10 loops of thermostat wire (W1) around

the prongs of an Amprobe.

[34]

Let the heating system opcrate for one minute before
reading the W1 or W2 current draw.

3. Divide the reading obtained in step 2 by 10.
4, Use the value
anticipator.

culculated in step 3 to set the heat

5. Repeat the procedure for {W2) if 2-stage heat.

NOTE: Ceooling anticipators
on all thermostats are
fixed and do not require
setting.

Example:

60Amp
10 loops

- BA

COOLING THERMOSTAT

Thermostats not only control the heating svstem (furnace},
but control the cooling system {compressor, condenser
coil and evaporator coil) as well.

The theory of a cooling thermostat is simple to under-
stand: reverse the position of a mercury switch on the
bimetal coil. Now when the coil heats up and unwinds,
the mercury switch closes 1ts contacts starting the
compressor in the condensing unit.

When the coecling thermostat is turned down to make the
ait cocler, it tips the mercury bulb so that the coil must
cool more and wind tighteor to turn the cooling system off.

0
® 0 ® ™
ey TtED reversed for cocling. Closed: Ai Must coat
losed! ar
Conditioner bimetal to turn
RAunning off air conditioner.

COQLING ANTICIPATOR

is

"COOLING

Like the heating thermostat,
equipped with an anticipator.

the cooling thermostat
It is called a

ANTICIPATOR™. Tt does the same job as a heating antici-
pator.

Without

Cooling Cooling Anticipation with

Anticipation Coaiing

/

Anticipation

/_\'—'—- Aoom Temperature

ez,

LCooling Overshoot

Coaling anticipation like heating anticipation allows the room temperature to
be controlied within plus or minus one degree .




resistor wired in

This anticipator is a small fired
switch. When the

patallel with the cooling mercury
switch is closed during a cooling demand, the anticipator
is parallel and bypassed. At the same time the mercury
switch cnergizes the compresscr contactor to run the
cooling system.

Current flow

Running
MNo Anticipation

Cooling

Anticipator S 24V

= Transformer

Compressor
Contaclor
Coil

When the coeling demand is satisficd, the mercury switch
opens.  This puts the coeling anticipator in scries with
the compressor contactor coil. A very small current
flows through both the coil and resistor. The amperage
is net encugh to pull in the coil, but is sufficicnt to
cause the resistor to heat up. The heat generated by the
resistor fools the bimetal coil into thinking there is a
call for cooling before the room temperature rises to the
dial setting of the thermostat. The coeling anticipator
compensates Lor the lag between the time of the call for
cooling and when the system begins to cool the room.

Acceteratio”

Heat
by

Current Flow

-] 20

HEAT ING—COOLING THERMOSTAT

When heating and cooling are combined for year round
comfort, it would be impractical to use a Separate thermo-
stat for each. Therefore, the two are combined into one
[EATING-COOLING THERMOSTAT.

TWO-BULB THERMOSTAT

Y¥ow that trhe heating and ceoling thermestats have been
covered individually, the next step is to combine them
into a single thermostat for year round control.

The bulk and expense of two separate himetal colls, one
for heating and one for cooling, is avoided when two
mercury bulbs are mounted on the same bhimetul coil. This
results in the assembly illustrated below.

f;;j . Heating
Cooling C=3'—' - Bulb
Bulb -
-] o
Compressor
Contractor
Heating - Cocling Thermostat

The heating and cooling anticipators are mounted near
the coil. A single transformer is used as illustrated on
the diagram.

The two mercury bulbs can be combined inte onc. This 1s
done by using one common electrode, onc heating clectrode
and one cooling clectrode as iltustrated. When the bulb

is tilted in onc direction, it closcs the heating contacts,
and in the other direction, the cooling contacts are closcd.

Ccommon
eat
H Heating
Coay
C,
Ommep
Cooling

SYSTEM SWITCHES

Unless a switch is provided in the heating-cooling thermeo-
stat, the thermostat will continuously switch back and
forth from heating to cooling. 1In effect, heating and
cooling will fight a battle with each other. The switch
provides a means to throw control to cooling, for example,
while disconnecting the heating circuit.

Cool
anticipator

24V Trans anticipator

®
HEAT OFF cooL
10
gas
valve _ compressaor blower
Satisfied contactor ralny

Likewise, when the switch 1s moved to heating, the switch
connects the heating components while clectrically iso-
lating the coeling circuit., When the switch is in the
center OFF position, necither the heating nor cooling
circuits arc cnergized.

o
Caol
anticipator
Ay
Haat A
24V Trans. anticipator
On
Auto
L
HEAT OFF coot
s
/s
o to o
983 COMmprassar hlawer
vaive Satisfied CaNTactoe relay

Many thermostats-—heating, cooling or combinatlon-—are
egquipped with a lan switch. The purpese of this switch
is to allow the homeowner to control the blower operation
independently of the COOL-OFF-HEAT SWITCIL.

When this AN switch is at AUTO, the blower runs only when
there is a call for heating or cooling. When a thermostat
iz satisfied, the hlower shuts off. The continuous blower
position is normally marked OX. When this switch is turned
te ON, the blower will run all the time.




Cool
anticipator

Haat

24V Trans. anticpator

Auto On
. -
HEAT OFF cooL
© to
gas COMPressor blower
valve Satisfied contactor relay

TERMINAL LETTERS

The lettered terminal designations arc typical of those
used on some thermostats. Other thermostats may use
different letters to denote terminal connections, but
these are called out in the thermostat installation in-
structions. The instructions alsc include the thermo-
stat wiring diagram.

Some Tommon Thermostat Terminal Markings

Model Common Cocling Heating Fan
1F56 R Y W G
T87 l R Y W

STAGING HEATING AND COOLING

The staging of heating or cooling is a way to align
furnace and cooling unit capacities with comfort re-
quirements. Heating and cooling units are applied so
enough heating or cooling is available for the most ex-
treme weather condition. Weather conditions atre variable,
falling short of the design (peak) condition of the unit
a majority of the time. Indoor comfort conditions depend
upon the outdoor temperature. Staging allows the unit
flexibility in satisfying indoor comfort requirements,

by compensating for the heat loss and heat gain of a
structure caused by changing outdoor temperatures. When
operating below design conditions, heating can be de-
livered in several stages, greatly reducing energy con-
sumption of the unit. Cooling, likewise, can be broken
into two stages. The brain center of this energy saving
operation is the Two-Stage Thermostat.

TWO-STAGE THERMOSTAT

The two-stage thermostat,
thermostat, has
coil.
one mercury switch closes before the other. One bulb
energizes the first stage. On continued demand, the
second bulb energizes the second stage.

Tike the heating-cooling
tws bulbs mounted on the same himetal
They are mounted at slightly different angles so

STAGING HEAT

The first stage of heat satisfies the thermostat demand
when the heat delivered is greater than the heat loss of
the structure. As outside temperature drops, the heat
loss of the structure increases. When the room tempera-
ture decreases by an amount equal to the temperature
differential between stages of heat (approximately two
degrees), a second mercury switch closes it contacts in

the thermostat. The second stage of heat is energized.
In the staging of heat, as extra stages are needed, they
are energized in addition to the first stage. Demand
satisfied, the second stage of heat de-energizes. Re-
gardless of outdoor temperature, the last stage of heat
energized is always satisfied before the previous stage.
Each thermostat bulb has its own heat anticipator. Since
the bulbs work independently, their anticipaters may have
different settings. Amperage draw for each must be
measured separately. Their adjustable anticipators are set
accordingly.

15t Bulb Heat
Thermaostat
Set Point Fanby Paal
™ \,,. /, \_ [ S
T L4 1 s
=] ’ \ s
2 1s1Staped -
L Make Pt
I 3
13
@ ]
2nd Stage
Make Pt.

TIME ——

TWO STAGE OPERATION

OCUTDOOR THERMOSTAT

The outdoor thermostat is used in conjuncticn with either
a single-stage or two-stage indoor thermostat to match the
heat output of an electric furnace to the heat loss of the
conditioned space based upon outdoor air temperature. The
outdoor thermostat, as its name implies, is used in order
to monitor the outdoor air temperature. More heat is re-
quired in a cenditioned space if the outdoor air tempera-
ture is colder.

The outdoor thermostat is a 24-volt, bellow switch. The
thermostat set point is manually adjusted and is normally
set to a temperature where the heat loss in the house
cannot be handled by the previous heating stages.

The function of an outdoor thermostat is similar to that of
a two-stage room heating thermostat. When the outdoor
temperature falls below the outdoer thermostat set point,
the pressure in the bellow also dreps causing the bellow
switch to collapse. This closes the thermostat's contacts
and energizes additional heating elements. The previous
heat stages are cycled on and of{ by the indoor thermostat.
As long as the outside temperature is above the set point
of the outdoor thermostat, the previous stages should be
able to satisfy the heat requirements of the conditioned
space. The outside thermostat cannot energize the ad-
ditional heat elements unless the room thermostat is
calling for heat, and the outside temperature is below

the set point of the outdeor thermostat.




TEMPERATURE DROOP

Becausc of several factors, the average temperature in a
conditioned spuce may be lower than the sct point of the
indvor thermostat. The diffcrence between the set point
of the indoor thermostat and the averapge room tenperature
is called TEMPERATURE DROOP. The extent of temperature
droop is dependent upon the severity of outdoor temperu-
tures and the ability of the heating system to respond

ta these conditions

As discussed earlier in this section, there is a time
lag hetween the call for heat by the thermostat and the
delivery of the heat to the space.

As the outdoor tempcrature falls, the rate of heat loss
from the space will increasc. Since the heat delivery
time lag rcmains the same and the rate of heat loss in-
creases, the temperaturce droop will increase. During
certain conditions, the tempcrature droop, or differcnce
between the thermostat set point and average temperature
of the space, can be as much as seven ot eight degrees.
Innovations aTe continuing in thermostat design. Some now
have accessory cutdoor air temperature semsors that can
aid in compensating for the droop factor.

SETBACK THERMOSTAT

The automatic setback thermostat is an energy-saving
device that permits the homeowner to select temperatures
for certain periods of low demand during the day. This
means real fuel/energy dollar savings for the heating
and cooling season. HAT RECOMM T FDR HREAT DiMPS,

A quart: clock allows the homeowner the flexibility to
change heating temperature periods two times every 24
hours. The quartz clock is set for the times the de-
sired temperatures are to go into effect. There is alse
a high temperature lever and a low temperature lever.
These ate set for the high and low temperature changes
to be used during a 24-hour period.

Haniy ol

The setback thermostat alsc allows cooling setups and
sethucks during the cooling season. This feature allows
the homeowner to set up the temperature during the day-
time when the home is unoccupied. The thermostat then
automatically lowers the temperature before the homeowner
returns in the evening.

SUBBASES

Many thermostats are desipned for use with subbases. A
subbase is a platc or bracket which mounts on the wall.
Thermostat wiving connectlons are made to it. The thermo-
stat is screwed onto the subbasc, These screws complete
the electrical connections between thermostat and subbase.

In some cascs the subbase contains the COOL-OFF-HEAT switch
and the [FAN switch.

SPLIT SUBBASES

The split sublbase is designed for heat pumps and larger
commercial cquipment with a greater number of control
voltuge loads. The split subbase has two input terminals.
This allows the use of two translormers if needed.

—— CALIBRATION—
THERMOSTAT

T874 thermostats are accurately calibrated at the factory.
THEY DO NOT TIAVE PROVISION FOR FIELD CALIBRATION.

The T87F is callbrated at the factory and no recalibration
sheuld be necessary. If the thermostat is accurately
leveled and still appears te be out of calibration, order
104994 Calibration Wrench., Instructions for recalibrating
are furnished with the wrench,

THERMOMETER

1. Remove thermestat cover by pulling up from the bottom
of cover until it clears the cover clip.

2, Sct the cover on a table near an accurate thermometer

3. Alter allowing 5 or 10 minutes for stabilizaticn, com-
pare the readings. If they arec the same, replace cover
and put system into operation. If they are different,
recalibrate the thermostat thermomcter, step 4.

4. Tnsert a small screwdriver in the thermometer shaft
[(Fig. 4) and turn it until the thermometers read the
same. When the thermometer is calibrated, replace cover
and place system intc operation.

alup r /
making each adiusc
T0 minutes
rometen
& hefore

1NgrEASE

Fig. 4 — Thermometer Calibration




INSTALLATION

The best, most sensitive thermostat cannot do its job
properly if it is poorly instulled. A few of the do's
and don't's for the installation of a thermostat arc:

1. Level the thermostat carefully. This is more im-
portant because the mercury switch is uffected hy
gravity. CUravity causcs the mercury to flow from
one cnd of the bulb to the other when tilted.

IMPORTANT
A subbase Incorrectly levelad will cause the tem-
peraturs contro! to deviate from set point.

WIRING
TERMINAL

THERMOSTAT

/rngL[ QFENING

TO SPAING FINGER  *MOUNTING HOLE (617 fenst 2 ron

COMTALTS ON THE MOUNT NG
THERMGSTAT THEAMOLTAT
fur TO2)

Leveling the subbasc.

2. Leocate the thermostat on an inside wall which re-
mains cleose to the indoor temperature. The sur-
face of an outside wall is cooler than room tem-
perature in winter and warmer in summer. The
thermostat bimetal senses this and is thrown out of
temperuture balance with the room air.
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5. Place the thermostat away from drafts. 1f it is
oppesite an outside door or near an air register,
it will swing far out of temperaturce balance with

the room air.

~

1. Locate it on a solid wall which is not affected by

vibration from appliances or slamming doors or
stalrways.
»
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5. locate the thermostat 1 to 5 feet ubove the {loor so
that it regulates temperature at the living level.
Usually, the air near the floor is slightlv cooler and
the air near the ceiling slightly warmer than the
average room air,

4 w05

6. Do not lecate it in @ wall where it Is affected by
temperature {rom air ducts, water pipes or & chianey
within the wall.

Chimney
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Do not place 1t where it can be affected by sunlight

during any part of the day.
-
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8, Do not locate it where the free circulation of air to
it is blocked by a ledge or shelf directly above or
below it,

9. Do not place a lamp, television set or other heat pro-
ducing appliances beneath the thermostat,

10.  Scal the wiring opening in the wall behind the thermo-
stat so it 1s neot affected by drafts within the wall
stud space,

11. Do not place on a heuvy wall, such as brick, which acts
as a heat sink and slows down the response of the

thermostat. \0\1

12. Finally, make all wiring connections clean and secure.
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HEAT PUMP THERMOSTATS AND SUBBASES
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