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ELECTRONIC THERMOSTAT HAVING HIGH
AND LOW VOLTAGE CONTROL CAPABILITY

The present invention relates to electronic thermostats
and more particularly to a thermostat that is adapted for
controlling fan coil units, as well as similar heating and cooling
devices.

Heating and cooling devices that are commonly found in
many government buildings, schools and motels for controlling the
temperature of individual rooms as well as entry ways, hallways and
the like, are often referred to as fan coil units. Such units
generally use a heating and/or cobling coil in conjunction with a
fan to control the temperature of the space in which they are
located. The system in which the fan coils are located can be what
are referred to as two pipe systems in that the fan coils use a
single supply line and a'singlé return line to either heat or cool,
with the supply line having either hot or cold water flowing
through it depending upon the mode in which it operating. It
should be understood that both hot and cold water cannot be
supplied at the same time in a two pipe system.

Fan coil units can also be connected in a four pipe
system which use a supply and return line for cooling, as well as
a supply and return line for heating. Fan coil units often have
the capability of providing auxiliary heat by operating electrical
heating units that are a part of the fan coil unit. Such fan coil
units typically have valves for controlling the flow through the
supply and return lines, as well as fans for controlling the flow
of air over the coils  and dampers are typically provided for
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are referred to as two pipe systens in that the fan coils use a single
supply 1!ne and a single return line to either heat or cool, with the
supply line having either hot or cold water flow ng through it dependi ng
upon the node in which it operating It should be understood that both
hot and col d wat er..cannot
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also be varied in that dampers controlling the amount of outside
" air that is to be heated or cooled for providing a higher indoor
air quality can be varied, as well as the capability of controlling
the valves and thereby the flow of heating and/or cooling fluid
_ from the supply or supplies. Also, the speed of the fan which
controls the amount of air that is passed over the coil that
represents the heat exchanger for the unit can be controlled.

Regardless of the design and configuration of the fan
coil units and the manner in which they are primarily controlled,
a thermostat is necessary to control the operation of the unit.
Because of the varied operational characteristics that are
possible, a 'single thermostat design has heretofore not been
available which can operate a large portion of the entire spectrum
of the different fan coil units that commercially available.
Moreover, because of the different operating voltages that are
available; Underwriter Laboratories compliance specifications have
resulted in thermostats being separated from control relays and the
like, and this has caused 1ncreased costs to users because of the
necessity for installing switches, relays and associated controls
that are separated from the thermostat.

Accordingly, it is a primary object of the present
invention to'provide an improved thermostat for controlling fan
coil devices which may'have many different and varied operating and
design characteristics.

Another object of the present invention is to provide
such an improved thermostat which is capable of being mounted on
the fan coil unit or on a wall and which can provide control of
high voltage end devices such as dampers, switches, valves and the
like, as well as low voltage énd devices, with such control being
accomplished from a single thermostat ' that has separated high
voltage and low voltage sections. By virtue of the unique design,

e

Sheet Has Been Tlaced

\\Il\l\\ G



3

varying the proportion of indoor air and outdoor air through the unit..
Fan coil units conme in a variety of configurations and designs, including.
different operating voltages of the fans and auxiliary electric heating
units, for exanple. It is commpn that fan coil units have operating
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Another object of the present invention is to provide

such an improved thermostat which 'is capable of being easily
configured to operate 'any of a number of fan coil units having
diff.erentl operating voltages and operating characteristics by'
simply configuring the thermostat by placing or removing a number
of jumpers.

" A more detailed object is to provide such an improved
thermostat which can be easily configured to operate as a fan speed
control inode of operation, as opposed to a valve and damper type of
control if desired.

Still another object is to provide an improved thermostat
which is capable of operating with fan coil devices that are
installed in either two pipe or four pipe systems.

Yet another object of the present invention is to provide
such a thermostat which has a microprocessor used to generate
control signals in response to input signals that are provided by
temperature sensors and other circuit conditions, and which
aut:omat:l.cally prov:Ldes the approprlate control functionality for
the type of system in which the fan coil is conf:.gured for.

~ Still another object of the present invention is to
provide an improved thermostat which has the capability of
controlling auxiliary electric heating of a fan coil as well as the
control valves and dampers thereof, and is also adapted to utilize
remote temperatufe sénsing devices if installed as opposed to an on
board sensing device that is provided as part of the thermostat.

Another object of the present invention is to provide
such an improved thermostat which has a test sequence that can be
run preferably during installation which determines if the
installed thermostat will properly function during actual use.

Other objects and advantages will become apparent upon
reading the following detailed description, while referring to the
attached drawings, in which: _

FIGURE 1 is a perspectlve view of the thermostat

This Sheet Has Been RTlaced

L




-

control:'s the anount of air that is passed over the coil that represents the
heat exchanger for the unit can be controlled. Regardless of the design and
configuration of the fan coil units and the manner in which they are
primarily controlled, a thernostat is necessary to control the operation of
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controls FIG. 4 is a view of the printed circuit board from the
inside of the cover portion; '
FIG. S is an exploded plan view of a connector assembly
of the present invention; _
FIG. 6 is an end view of a portion of the connector
assembly shown in FIG. 5;
FIG. 7 is a cross section taken generally along the line
7-7 in FIG. 6; . |
FIG. 8 is an end view of the connector assembly of FIG.
S; ' ' .
FIG. 9 is a cross section taken generally along the line
9-9 in FIG. 6; |
FIG. 10 is a plan view of a clamp member and screw of the
connector assembly of the present invention; .
FIG. 11 is an electrical schematic circuit diagram of an
installation of the thermostat in an application of a low voltage
fan coil unit; and,
FIGS. 12a and 12b together comprise an electrical circuit
schematic diagram of the circuitry of the thermostat of the present
invention. _ ¢
Detailed Description
Broadly stated, the prééent invention comprises a
thermostat that is particularly adapted for use in controlling the
operation of a variety of heating and cooling devices and is
particularly suited for controlling fan coil heating and cooling
devices, such as are used in government building, schools, motel
' rooms and the like. While the thermostat is particularly useful in
controlling fan coil units, it is certainly not limited to control
of such -speéific units, but can be used to control any number of
heating and cooling-devices of which thermostatic control is useful
and which desirably controls mechanical end devices such as valve
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that are separated fromthe thernostat. ;&cordingly, it is a primary object
of the present invention to provide an inproved thernostat for controlling
fan coil devices which nay have nany different and varied operating and
desi gn characteristics. Another object of the present inventionis to
provi de such an inproved thernostat which is capable of being_ nounted on
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By Virtugn@fdgﬁécgm(ghaquﬁgnbave operating voltages that wvary within a
' substantial range.
In this regard, the thermostat of the present invention
is adapted to have 24 volts alternating.current (VAC) control and
also can directly control devices having operating voltages of 120
VAC, as well as_268-230 and 277 VAC. .The thermostat can be set for
any one of these operating voltages and has onboard relays that can
switch end devices having any of the aforementioned operating
voltages and can control current loads of up to several amps even
when operating at the 277 VAC. The device conforms with UL 873
specifications and can be mounted on the fan coil unit itself or
can be wall mounted. The thermostat can ' function to provide
automatic control or manual control in either a heating or cooling
mode of operation. The thermostat can also function in an on/off
mode of control and can also function as a fan speed on/off
controller or a temperature controller that functions either in an
automatic or heating or cooling mode, as well as in an on/off
temperature controller mode. The thermostat has a dial knob for
specifying the temperature set point for the space to be
controlled. The end devices can operate at 24 VAC or at the afore_
mentioned higher line voltages.
| When the thermostat is intended to to control 277 VAC end
devices, it can directly control and operate valves and fan motors
that operate at 277 VAC. When the thermostat is mounted remotely
on a wall, it cannot directly control 277 VAC end devices, and in
this configuration, the thermostat provides 24 volt output signals
to control relays that are located in a fan coil unit. The
thermostat is'designed so that if the voltage levels of the supply
power are not as specified, the thermostat will go into a
deenergized state so that unpredictable opération does not occur,
i.e., the thermostat is brown out protected.
Turning now to the drawings, and particularly FIG. 1, a
thermostat embodying the present invention is indicated generally
at 20, which is an exploded perspective view. The thermostat has
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3 the thernostat is capable of being nounted to a common 4 x 4 inch square
el’ectrical box and requires only the placenent of a separating partition in
the mddle of the box to isolate the high voltage section fromthe | ow

val tage section. Another object of the present invention is to provide such
an inproved thernostat whigh.is_capable of being easily configured to ,
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oper at e 26 s fadappeddto be connected to the cover portion 24. The dial
knob 26 has a stem 28 that has a split end 30 (FIG. 4) that is
adapted to be mechanically connected to a potentiometer 32 that is
mounted to a'printéd circuit board 34 that is mounted to the inside
of the cover portion 24. The dial knob 26 can be removed by using
needle-nose pliers to pinch the split ends 30 together so that the

dial knob 26 can be removed. The cover portion has a semi-circular

~a

opening 36 in which an extension (not shown) can fit and which
limits the rotation of the dial knob 26 through a predetermined arc
that corresponds with the high and low setting of the thermostat
which has temperature indicating indicia printed thereon.

When the dial knob 26 is removed, an enlarged opening 38
reveals an exposed jumper which can be shorted for the purpose of
initiating a test sequence to determine if the thermostat is
operating properly. Once the test jumper is shorted, the test
sequence is started by rotating the set point potentiometer fully
clockwise to initiate the test without a changeover temperature
test. It can be rotated fully counterclockwise to initiate the
test with a changeover temperature test. The start determines if
the room or air temperature is greater than 60 degrees F. and less
than 80 degrees‘F. ‘ '

Start:

- 05 Timer = 0

- 10 If set point at maximum value then go to 40 _

-~ 20 If set point not at minimum value then go to fail

-~ 30 If changeover temperature >60° F. and <80° F. then go

" . to 40, else fail

- 40 If room or return air temperature >60° F. and <80° F.
then go to 50, else go to fail '

- 50 If normally closed input = short then go to 60, else

' go to fail

- 60 If timer = 5 seconds then complement output 1, output
2, damper, 2nd heat stage

- 65 Set timer = 0

- 70 Go to 10

Fail:

- 80 Set'Output 1, Output 2, Damper, 2nd Heat Stage =
relays energized

This Sheet Has Been Replaced




control node of operation, as opposed to a val ve and danmper type of control

| f> desired. Still another object is to provide an inproved thernostat which
i s capabl e of operating with fan coil devices that are installed in either
two pipe or four pipe systens. Yet another object of the present invention
Is to provide_sugg a Eﬂ@&ﬂpsggt whi ch has a m croprocessor used to generate-
contr ol signal_s1 4 resprse to input signals that are provided by
tenperature sensors and other circuit conditions, and which automatical
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_ The thermostat also has a microprocessor 40 and a pair of
slide switches 42 and 44 which control the fan and operating mode
of the thermostat fespectively. The microprocessor 40 (see FIG.
11b) is preferably a Motorola HCO0S microprocessor that is modified:

to perform the functionality that is described herein.

With respect to the fan speed control 42 shown in FIG. 1
and also referring to FIG. 12a, it is a preferably four position
‘switch which has OFF, HIGH, MEDIUM and LOW positions from left to
right, which results in the fan being switched from OFF to HIGH
speed before it can be lowered to MEDIUM or the LOW speed setting.
With respect to the switch 44, its left position is OFF and the
other positions are AUTO, HEAT and COOL modes of operation. The
switches are slidable within slots 46 that are formed in a
rectangular insert 48 that is preferably permanently bonded to the
cover portion 24 and the insert can have slots 46 of varying
lengths to limit the travel of the switches, if the particular
thermostat configuration 1limits the functionality of the
thermostat. For example, with respect to the fan speed switch 42,
there are applications- where it is desired that the fan never be
turned off and in such event, the off state is effectively
eliminated by having a shorter slot 46 that blocks the leftward
movement of the switch 42 to the off position. The cover portion
24 also has a plurality of openings 50 located around the four
sides of the thermostat which are provided to permit circulation of
air to the interior of the thermostat where a temperature sensing
thermistor is located. _

In accordance with an important aspéct of the present
invention, the base portion 22 is easily separable from the cover
portion 24 and the base portion is adapted to be connected to
electrical conductors that extend to the fan coil unit that is to
be céntrolled, Both the cover'portions and base portions are made
of plastic, éreferably Cycolac -ABS plastic which has a UL94-5VA-
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that is provided as part of the thernostat. Another object of the
invention is to provide such an inproved thernostat which has a
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connector assemblies 56, which are comprised of components that are
shown in FIGS. 5-9. The base portion 22 has an opening 58 for each
connector assembly which extends completely through the base

portion. The opening 58 is adapted to enable a terminal member 60

to connect electrical conductors or posts on the inside surface of
the base portion 22 with conductors or wires on the outside
surface. The terminal member 60 has a terminal lug 62 which
extends through the opening 58 and has a small aperture 63 near the
outer end thereof as is required for an industry standard spade
lug. Alternatively, the connector assembly 56 is adapted to
connect to a conductor or wire by loosening the terminal member 60
relative to the leftward side of the opening 58 so that a conductor
or wire can be inserted between the wall of the opening and the lug
62 and then the lug 62 can be tightenéd up by moving it toward the
side wall to secure the conductor therebetween. '

Each terminal member 60 also has a pair of holding arms
64 that are adapted to receive a post-connector 66 mounted to the
printed circuit board 34 which is attached to cover portion 24.
The terminal member 60 alsoc has a connecting portion 68 and a neck
portion 70. While FIG. 5 shows the terminal member 60 adjacent to

- a clamp member 72, in the assembled connector assembly, the clamp

member 72 which is square and has an center opening 73 as shown in
FIG. 10 adapted to have the terminal lug 62 pass through it so that

when the clamp member 72 is moved to the left, the terminal lug 62

is pulled tightly against the adjacent surface or side wall of the
opening 58 in the base plate as shown in FIG. 2. The clamp member
72 is tightehed by'means of a screw 74 which is adapted to abut
against one of the associated annular surfaces 76 (see FIG. 1)
formed in the connector sections 52 and 54. The terminal lug 62 is
provided with mechanical resistance means such as serrations 78

-formed in the lug 62 that engage the wire and hold it so that it

will not be easily pulled out when the thermostat is installed. 1In
this regara,;it is necessary for high voltage wire connections of
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4 enbodying the present invéntion shown With the cover and base portions
separated fromone another; FIG 2 is a bottomview of the base portion
shown in FIG 1; FIG 3 is an expl oded perspective view of a thernostat -
nounted to a conventional 4 x 4 inch electrical square box; FIG 4 is a
view of the printed circuit board fromthe inside of the cover portion;
FFG. 5 |%h%ntm|%@‘ae15%ﬁtefiehe6el§ benabdeoroawithstandf at puljiegeifiorce
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the terminal lug 62 enable the connector assembly to comply with
this test. _

"EBach of the connecting sections 52 and S4 have a
connector cover 80 that snap fits and is retained by the base
portion 22 and the connector cover has a number of openings 82 for
receiving the posts 66 and also have a number of side openings 84
which provide access to the screws 74 for connecting the external
wires to the thermostat connectors. The base portion has a
generally open center portion 86 which is provided to make. room for
larger sized components'that are mounted to the printed circuit
board that is located in the inside of the cover portion 24.

More particularly, and referring to FIG. 4, the
thermostat may include relays 88 and 90 as well as a transformer
92. The space 86 also separates the connector sections 52 and 54
and in accordance with an important aspect of the present
invention, one of the connector portions 52 is connected to the low
voltage circuitry whereas the section 54 is connected to the high
voltage circuitry connectors. This is particulérly significant in
that the thermostat is adapted to be mounted to a conventional 4
inch square box 94 shown in FIG. 3, for a wall mounted
installation. If the thermostat 20 is to control end devices in
the fan coil unit that have an operating voltage that is one of 110
VAC, 208-230 VAC or 277 VAC, the thermostat is adapted to control
such devices as long as a partition 95 is installed in the 4 inch
squére box as shown. With such partition, Underwriter Laboratories
specifications are complied with. The installation may desirable
include a conventional plaster ring 96 attached to it and a trim
plate 98 may be attached to the plaster ring 96 by conventional
screws. A decorative wall plate may be provided and is preferably
designed to receive the base portion 22 which is attached by two
screws 102 and the cover portidn 24 can be attached to the base
portion 22. While the holding arms 64 receive the posts 66 in
frictional engagement and provide a holding force, the cover
portion 24 also has a number of cooperative recesses on the inside
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7-7 in FIG 6; FIG 8 is an end Vview o:"Qhe connector assenbly of FIG 5;
FI-G 9 is a cross section taken generally along the line 9-9in FIG 6;
FIG 10 is a plan view of a clanp nenber and screw of the connector
assenbly of the present invention FI G 11 is an electrical schematic
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_ As previously mentioned, the thermostat embodying the
present invention is adapted for use with low voltage installations
as well as the other three -aforementioned operating voltages of 120
volts, 208-130 volts and 277 volts. The thermostat is also adapted
for use with fan coils having two pipe and four pipe installations.
A two pipe low voltage installation is shown in FIG. 11 which is
generally representative of the type of end dev_ices and circuitry
that are utilized regardless of the voltage level. In the
schematic diagram of FIG. 11; the thermostat 20 is shown to be
connected to a terminal strip 110 located within a junction box in
the fan coil unit and the circuitry of a fan coil unit includes fan
motors 112 and 114 which are powered by relays 116 pursuant to'
control signals being applied on one of the three lines 118 which
activates the appropriate one of the relays to provide either the
high, medium or low fan speed. Power is supplied on line 120 and
fuse blocks 122 are provided at the input. Electrical contactors
124 are used to control the application of auxiliary electric
heaters indicated generally at 126, the operation of which are
controlled by lines 128. '

- The fan coil unit is shown to have a damper 130 as well
as a valve 132 for -con'trolling the flow of fluid through the fan
coil. The damper 130 operation is controlled by a relay card 134
that is controlled by line 136 from the thermostat 20 and the valve
is controlled by line 138 also from the thermostat. The thermostat
may have a shut down circuit provided by lines 140 which may be
connected to a condensate overflow sensor or a freeze protection
sensor. If either of these conditions occur, it may be desirable
to shut down the thermostat. Lines 142 are connected to a
changeover sensor which is a temperature sensor and provides the
thermostat with information relating to the temperature of the
fluid that is in the supply line of the fan coil.

Turning now to the operat'ion of the thermostat, the
switch 42 controls the fan and the fan speed cycling when the
thermostat is placed in automatic operation by appropriately
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Broadly stated, the present invéntionjcanprises a thernostat that is
particularly adapted for use in controlling the operation of a variety of
heati ng and cooling devices and is particularly suited for controlling fan
coil heating and cooling devices, such as are used in governnent building,
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: will occur. The COOL setting corresponds to manual cooling and in
that position no heating will occur. The AUTO or automatic setting

by switch 44 corresponds to automatic heating and cooling with
changeover, with changeover being controlled by a remoteiy mounted

sehsor in the two pipe systems. In the four pipe systems, the
microprocessor 40 determines whether heating or cooling should be
automatic changeover. The OFF position of switch 44 turns the fan

coil and the thermostat off. In that position all end devices such

as valves, dampers and the like go to a deenergized state. In the

case where normally open two way valves are used in the fan coil,

OFF corresponds to the valves being fully open. When switch 44 is
limited to being merely an on and off switch, the thermostat will
determine heat or cool automatically and no manual heating or
cooling function is then available. However, even if the switch 44
is in the OFF state, the fans may continue to operate.

In the two pipe system, only one valve is used and the
auxiliary electric heat is available in two pipe control. 1In a
four pipe system installation, two valves are used and one valve is
for cooling control direct acting and a second valve is for heating
and is reverse acting. The thermostat microprocessor 40 will
determine what the opefating mode is via a changeover input. 1If a
sensor is connected, two pipe control is used. If no sensor is
connected, the microprocessor will operate in a four pipe control
mode. Electric heat operation is not used in four pipe, but second
heat stage heat is active. The outside air damper function is
operating in the four pipe mode. _

The changeover sensor indicates to the thermostat
microprocessor 40 what the current operating state should be and in
the heating operating state, the heat valve is enabled, but the
cooling valve 'ig disabled. Conversely, in the cooling state, the
heat valve is disabled and the'coolimg valve is enabled. The
changeover sensor creates a changeover to cooling  when the
temperature preferably exceeds approximately 85° F. and the heating
changeover occurs p;eferably when the temperature is below

This Sheet Has Been Reilaced



PR 4
operators, fans and danpers that are connected to a thernostat or a
controller. The thernostat of the present invention is extrenely flexible
inits functional operation, and is designed to control end devices that
may have operating voltages that vary within a substantial range. In this

regard, the ther esent invention is adapted to have 24 volts
alt er nat ARET P\%’FE(K/R%) é:gnt‘g PAHG* R0 a&f‘?@ifl Cabft EBF gh3ngeever
havi ng oper &meﬁ;xahl;aghsabingzwmm thes sehsedschBafigédVeanctdinfedtfurdhes
t her nost @ferGRRnP g?%:&cﬁfa . endﬁ{dﬂew cee operating voltages and has

ortboard rel ays th s havjng any of the aforenentioned
operating vol t ages &né%ﬁ?ﬁ:ﬁﬁﬁ’i’%ﬁ that akegtaainalothear (eome iR sfwanpsepsen
when operall. ogaakmhar&?anmeecﬂma geuges CRGKOLiIEry héathn 78perates at a

speci T catl o003 205 A0 R TRLY BF 2he! D8 "805,50 ds i i duls® Bl 5ad band of
preferably approximately 3.6° or approximately 10° as is desired.
Second stage heating is operated when the temperature is at the set
point dial minus the dead band minus an additional approximately
1.8° F. _

With respect to temperature control, when the measured
temperature rises and crosses the set point temperature by
approximately 0.9° F., the thermostat initiates a cooling sequence.
The thermostat remains in the cooling state until the measured
temperature falls below the set point temperature by approximately
0.9° F. Then the thermostat ends the cooling state and enters the
dead band state. The heating function operates like the dooliné'
function, but is dependent upon the fan coil piping.' In a two pipe
system, the thermostat can only enter the heating function after
the changeover sensor indicates to the microprocessor that hot
water is present. Once hot water is sensed, the heating function
operates like the cooling function with the valve operating in a
reverse action. As the measured temperature falls below the
heating set point (the heating set point is the cooling set point
minus the dead band temperature) by approximately 0.9° F., the
valve is energized (same wvalve as cooling, operating in reverse
action). The thermostat stays in the heating state until the
measured temperature rises approximately 0.9° F. above the heating
gset point. C

In the four pipe fan coil dontroller no changeover sensor
is employed. The thermostat uses the difference between the
measured and set point minus dead band temperature to enable the
second valve for heating. The temperature air must also be 0.9° F.
below the heating set point. The heating valve stays energized
until the temperature rises approximately 0.9° F. above the heating
set point. The measured temperature will come from a printed
circuit board mounted sensor 32. When the thermostat
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can be wal |l nount ed. The t her nosf at cldésfunctio_n to provide automatic

control or manual control in either a heating or cooling node of operation.
The thernostat can also function in an on/off node of control. and can also
function as a fan speed on/off controller or a terrperature controller that
function Lt her c.or I ng or olin as well as jn
an on/ of?‘ ggﬁBngte&rsgrco%Pro 7t$crh%d§’%a5fhe tﬁ?f"ﬁg aac'hral SRRERTS otS
speci f yi pgnneetednpedst uwdldet apsomaticalife sgecethe) beemotre r odémsior Thend
end devi a&greearap%a PA pSdrd Arolht LQﬁsSIrOES mﬁbtﬁ“;;n@%ﬁuc#éé‘%re

vol t ages. V\hen% her nmost at |s Intended to to control
devi ces; Pretexgbdy; é@ﬂ%;%ﬁlfcﬂ %MW%”\/% 3ed sty PURR e five
operate gkcdrdsVAC. Wien the thernostat is nounted renotely on a wall, it
cannot directly COWirt%l r% zae\c/:'bt‘:cteonq:}fiee\gu essi.dear.]aq.z'l I&amper, it is active in
all thermostat configurations. It may or may not be connected to
a damper in all fan coils. The damper output is a two state
output. Damper minimum and maximum are preferably mechanically set
at the damper actuator. The damper control has two operating modes
which are IAQ (indoor air quality) and conservation. The IAQ mode
results in the microprocessor foicing the damper open any time the
fan is running. '
The thermostat has electrical circuitry to carr'y,out the
above described functionality and is illustrated in FIGS. 12a and
12b and the circuitry is present on the printed circuit board 34.
The terminals 1 through 14 that are shown in FIG. 2, and which are
electrically connected to the respective posts 66 shown in FIG. 4
when the cover portion 24 is attached to the base portion 22 as
previously described, are also illustrated in FIG. 12a as terminals
P1 through P14 on the left side thereof, and are also functionally
identified adjacent the terminal designations.
| The terminal block has the following terminals and
associated description£

Pin Designation Description Type Of Wiring

1 ~ Line Power High or low voltage AC
2 . Line Common High or low voltage AC
3 H Fan High High or low voltage AC
4 M Fan Medium - High or low voltage AC
5 L Fan Low High or low voltage AC
6 o1 Output 1 High or low voltage AC
7 02 Output 2 High or low voltage AC
8 D Damper Out Low voltage DC
9 S Normally Closed Input Low voltage DC

10 G Low Volt Common Low voltage DC

11 R Return Air Sensor ~ Low voltage DC

12 C Changeover Sensor Low voltage DC

13 H2 2nd Heat Stage Low voltage DC

14 24V 24 VAC Power Low voltage AC

The lines connected to the terminals are identified with
T designations as illustrated, and these lines are also present on
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this configuration, the thernostat provides 24 volt output signals to
control relays that are located in a fan coil unit. The thernostat is
designed so that if the voltage |evels of the supply power are not as
specified, the thernostat will go into a deenergi zed state so that

unpr edi @mdl e1gperand oxrdesniehdedc o Heflote! RA G IESL albont AWMy OBL
Pher nos CHRRSHIARI ng + BEKPESCRRERRUGRY: 3 ABARRAESS: OF Junes B9 shroyan
whi ch | 824n esweddd gEefkpe ®RERe -RESET, TNEC, h¥24psGND, hRELAY, 6aadbREY COM
portion. il cafLd SRS Plkodh €8 o Vi PUd {H the electronic arts.

The manner in which the thermostat is to operate is
determined by the thermostat detecting circuit conditions, such as
the presence of a remote thermistor, for example, and by the use of
a number of jumpers. Referring to FIG. 1l2a, jumpers 150 and 152
determine the operating voltage of the end devices of the fan coil
unit that the thermostat is to control. When jumper 150 is in
circuit, the relay common line voltage on line 154 (RLY COM) is 24
volts. When jumper 150 is in circuit, jumper 152 is out of circuit
or removed, providing an open circuit. If the end devices are 120
VAC, 208 VAC or 277 VAC, then jumper 152 is in circuit and jumper
150 is removed. S ' '

If the thermostat is to control valves, a jumper 156 is
in circuit. If it is desired for the microprocessor 40 to control
the fan during automatic mode of'operation, a jumper 158 is in
circuit, and if the fans are to be manually controlled by the
switch, and not microprdcessor 40 controlled, the jumper 156 and
158 is removed. For manual control of the fan speed, the switch 42
has sw:i,tched contacts 160, 162 and 164 which are closed depending
‘upon the switch position, for selecting the high; medium or low
speed operation of the fan.

A jumper 166 provides a switched auxiliary output for a
remote relay when in circuit. This jumper is provided for the
installation when a wall mounted thermostat 20 is used to control
valves, dampers, and auxiliary electric heat, and another
thermostat 20 is installed at the fan coil unit wherein the fan
speed is set. This may typically occur when the fan coil unit is
installed in the ceiling of a space or room. A jumper 168 forces
valve to be closed when the fan is off to prevent sweating when
this jumper is .in circuit. The remainder of the circuitry shown in
FIG. 12a includes a brown out detector, indicated generally at 170,
which provides a voltage level on line 172 that is connected to one
‘input of an operational amplifier 174 and which provides a reset
output when the detected voltage is below -approximately 18 volts.
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i ndi cated generally at 24, wth a terrpé’rature set point rotatable dial knob
26 for setting a nom nal set point tenperature. The knob 26 is adapted to
be connected to the cover portion 24. The dial knob 26 has a stem 28 t hat
has a split end 30 (FIG 4) that is adapt ed to be nechanically connected to

a potentioneter 32 that,is rmunteg to a inted circuit board 34 that is
mounted to the insTR® SEFERLEEY R %Bﬁ;tl Jdpcipdesthe piGFORFREIRT 40

rﬁm)veﬁ é)xgdush@g:éfeaaz& e881card (90 .er Att hai uppet e &P lgdridisis o¥0 dhw‘aﬂwleg)
that the a 6 V. T Vi t e ci,.rcul ar
openi ng 36 0% HARBREC ST S fiic1ddthd WlpdY 176 AR3, 2787 Phiskl pe

rotati onu6¢dt ne (ﬂeileqmo@oeﬁrohr odr'gn:he pv«we@%rﬁsnbgmgc naormally r opponcr

Wi th thenaheélwdciegeaetthnqtﬁ{ éﬁqémeim@hdxéa Ghids VRERCLA! Wikcuit

i ndicatin di'cia printed thereon. Q di al , knob 26 i s renoved, an
enl argedr%’b %gugg et ermost:at contro 11ng heating and cooling operation

by controlling the valves. When the thermostat is used to control
fan speed for controlling heating and/or cooling, the jumper 180 is
removed. To have the thermostat operate in this manner, the
thermostat switch 42 must be set in the AUTO or automatic position.
In this operating mode, the fan will always start in the high
operating spéed for approximately 0.5 seconds and then be switched
to the appropriate speed state. '
A set of contacts 182 are provided for performing the
autotest cycle, which can be done by shorting: these contacts after
- having removed the dial knob 26 as previously described. A jumper
'184 is provided for setting the amount of outdoor air that is to be
admitted during operation. If in the IAQ mode, the jumper is in
place and approximately 90% of the air used is outside air. 1If in
the conservation mode, the jumper 184 is removed, and approximately
60% of the air is outside air. A final jumper 186 determines the

dead band and is approximately 3.6 degrees F. when in circuit, and
approximately 10 degrees F. when removed. The latter deadband
value may be used in cbmmpn areas, such as an entry way or hall
where the temperature range may not be critical because of the
transient usage of the space, for example.

The circuit includes an analog-to-digital converter 188
for converting analog values, such as the signal from the
changeover sensor thermistor on line 190, the signal from the

- external temperature sensor thermistor on line 192, the signal from
the set point potentiometer 32 controlled by the dial knob 26 on
line 194, and the signal on line 196 from the temperature sensing
thermistor 198 that is mounted on the printed circuit board 34.
The transistors and resistors located in block 200 comprise a
-multiplexer for selecting one of the'signals for application to the
analog-to-digital converter 188. When reset line 202 is low as a
result of a brown out or power fail condition, the microprocessor
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reveal s an exposed junper which can be shorted for the purpose of
initiati'ng a test sequence to determne if the thernostat is operating

properly. Once the test junper is shorted, the test sequence is started
by rotating the set point potentioneter fully clockwise to initiate the
test without a.changeover tenperature test. It can be rotated fully

count er cIOCKSe to initiate the test wth a changeover tenperature test.
The start deterni rRsomf thiee feppgeingi r itedhouddurke | sppregiatedhath®® an

degrees fmpi\thd CeRetl8BLal IRH ek sifbwh { andOdestriBed™ whikh his agh

Phen go desHaAnl S REtTioUEaR gootBe FABEPRLEF oLf AOTLGRRH (65 PS EREROBOLY
flexible in that it can be used in a large variety of applications,
particularly with respect to the types of fan coil units that may
be controlled by the thermostat. The thermostat is designed to
control end devices of the type which are present in most fan coil
units which can be 120, 208-230, or- 277 VAC devices. The
thermostat of the present:' invention can be easily installed on a
conventional 4 x 4 inch square box with the use of a simple, easily
installed partition and still comply with Underwriters Laboratories
specifications. '

While various embodiments of the present invention have
been shown and described, it should be understood that various
alternatives, substitutions and equivalents can be used, and the
present invention should only be limited by the claims and
equivalents of the claims.

Various features of the present invention are set forth
in the following claims.
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to 40, else fail 40 If roomor return air tenperatureTher and %Frw
then go'to 50, else go to fail 50 If nornally cl osed

go to 60, else go to fail 60 If timer 5 seconds then I ﬂ put
1, output 2, danper, 2nd heat stage 65 Set timer =07 : il
- 80 Set CutpuS cLAIMEBUt 2, Danper 2nd Heat Stage = rel ays energlzed

) Claim 1. A thermostat for controlling heating and
cooling equipment of the type which includes a fan and at least one
end device consisting of at least one heating and cooling fluid
control valve, at least one electric heating apparatus and at least
one air damper, said thermostat comprising:

a base portion adapted to be mounted to a mounting
surface; .

a cover portion adapted to be attached to said base

portion; _ '

' switch means for controlling the operation of the

thermostat, said switch means being associated with said cover

portion and being accessible for opetation;

temperature setting means associated with said cover for
setting a nominal temperature set point;

processing means being connected to one of said base and
cover portions for recéiving operating status signals and
temperature indicating signals and for selectively generating
output signals for controlling the heating and cooling equipment;

a first means for sensing the temperature of the air of
a space in which the thermostat is to control; |

a plurality of first connection means for connecting high
voltage circuits associated with selected end devices;

a plurality of second connection means for connecting low
voltage circuits associated with selected end devices.

Claim 2. A thermostat as defined in claim 1 wherein
said switch means further comprises:

a fan switch for controlling the operating speed of the
fan; '

a mode switch for selecting the operating mode of the
thermostat.

Claim 3. A thermostat as defined in claim 1 wherein
said temperature setting means comprises an adjustable set point
potentiometer that has an operating means . that 1is manually
accessible from outside of the cover portion by an operator. |

Claim 4. A thermostat as defined in claim 1 wherein

said first and second connection means are attached to said base

-
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7- 90 G to 5 100 End To stoptraeaest it is rrereUTh laced
renmove the junper and replace the set point dial by pushi n

stem 28 back into its installed position. The thernostat a '
m_croprocessor 40 and a pair of slide switches 42 and 44 vvh| ch control the

fan and QREEILENT IR O L0fal BELERS\AILRHIGH il JUnd SHOREARCINOT

40 (see I'S pre m_croprocessor t
nodi f i edfmspeendr moxd oy rand mhtgf t faid| segendr reBACRELOM Means, being

respect jgchbedfak areedondniend pbitikevopposite shidndialsto orkf Qortibn O

FI'G 12a, it is a B'ie};.%r gbl y fouEhgmslég 3 as defined in claim 1 wherein

said base portion is adapted to be attached to a conventional 4 x

4 inch electrical box-having a partition separating approximately

one half of the interior from the other side thereof, each side

- being adapted to receive one of high voltage circuits and low

‘voltage circuits, said partition separating said high wvoltage
circuits from said low voltage circuits.

Claim 6. A thermostat as defined in claim 1 wherein

said high voltage circuits have voltage levels within the range of

approximately 110 volts AC to approximately 277 volts AC.

Claim 7. A thermostat as defined in claim 1 wherein
said low voltage circuits have voltage levels below approximately
30 VAC. o

Claim 8. A thermostat as defined in claim 1 wherein

said first temperature sensing means is located in said cover
portion, said cover portion having a plurality of openings adapted
to admit air inside said cover portion.

Claim 9. A thermostat as defined in claim 1 further
including signals that are indicative of sensed temperature from a
remotely located temperature sensing means.

Claim _10. A thermostat as defined in claim 1 wherein
said first temperature sensing means comprises a thermistor.

Claim 11. A thermostat as defined in claim 4 wherein
said first and second end portions have a center space therebetween
adapted to receive large components located in said cover portion.

Claim 12. A thermostat as defined in claim 2 further
including at least one relay means for controlling one of said end
devices, said relay means producing a selectively switched output
signal of up to approximately 277 VAC.

Claim 13. A thermostat as defined in claim 12 further
including a printed circuit board mounted to the inside of said
cover portion, said processing means being mounted to said printed
circuit board.

Claim.14. A thermostat as defined in claim 13 further
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switch which has OFF, H GH, NEDIUNIandIJlMp05|t|ons froml?ﬁﬂﬁmew
which results in the f.an being swtched from OFF to H GH spe
can be lowered to MEDIUM or the LOWspeed setting. Wth resp
sm%tch 44, hts left position is OFF and the other positions are
and COOL modes of operation. The switches are slidable within slots 46
t hat arechéFﬁEHeFﬁzﬁdrégt&H@GI§P1@n§@ﬂﬁy493ﬁﬁﬁt1?smﬁPEF§Fa5Py
Fondfﬁ t?lnglgobgaraortlon 2? and the insert can have slots 46 of varylng
engths to limt t tra of , t S. | [ erdiRss
configuration |IM func oﬁnﬁéfﬁe o? é?#}??%g‘i'{lmé?g?& IE—Lré exanp e
Wit h res;bacludmngha f pﬂus‘péethSV\Fhl-:rd4E°npl¢GFé°ar aneans i £9% openRAGEENgt 4 s
desi red yﬂ&}: fl.!l."@ BF BEYRhjRe tteli"iﬁ%‘itﬁ.t:}l %@dshﬂdsgi'ﬂnﬁéanblrc&ﬂ‘t Wdard ale

is effeckiver mnate by having a,shorter slot 46 that blocks the
Ieftmardsald rst and second .connection means. . . -

Claim 16. A thermostat as deflned in claim 15 wherein
each of said third connection means comprises posts which are
electrically connected to one of said first and second connection
means when said cover portion is attached to said base portion.

Claim 17. A thermostat as defined in claim 12 further
characterized-in that said fan switch and said mode switch are
mounted on said printéd circuit board, said fan and mode switches
being multiple position switches having operating means which
extend through apertures in said cover portion, so that an operator
can change'switch positions without removing said cover portion.

Claim 18. An electrical connector for connecting leads
located on opposite surfaces of a base unit having a first side and
a second side and at least one connector opening with at least a
first interior side wall, said connector comprising:

a flexible connector portion having first and second
flexible contact arms adjacent one another adapted to receive a
lead post of an electric component from said first side;

a terminal lug connector portion electrically connected
to said flexible connector portion and extending through one of
said connector openings and being adapted to provide a connection
point to an eiectrical conductor from said second side; and,

clamping means engaged on said connector portions for
releasably securing said connector to the base unit, wheréby said
lug connector portion is urged toward said side wall.

Claim 19. The connector as defined in claim 18 wherein
said flexible connector portion is integrally formed with said
terminal lug connector portion.

Claim 20. The connector as defined in claim 18 wherein
said clamping means includes a tubular clamp member having a first
end and a second end, a segment of one of said connector portions
belng disposed adjacent sa1d first end, and an adjustable fastener
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novenent of the switch 42 to the off pos%QOn. The cover -ﬂﬁysthgeﬂ ?B4

S
has a plurality of openings 50 | ocated around the four sid wnaﬁ gced
t hernostat which are provided to permt circulation of ai r[mw ﬂm# Ior
of the thernostat where a tenperature sensing thermstor i !

rtant _agpect of. the present invention, the base

accordance w th an i ]

poftion Z%ﬁ?%fé}qu%gpﬂaﬁ?% f?Sﬁ?f’ﬂeeﬂg\Ver portion 24 and the base
portion is adapted tGldimc2hnecTae consleectori asl defimedt bnscladnm 8t ehdrbon
the f |3 | haty | . '

base port Liid LRl Tud RAEAN: Yorton 91 4iEs iEhafifbhl O8a lhapce

a UL94-5ymeans for preventing a conductor from disengaging from said lug.
' Claim 22. The connector as defined in claim 21 wherein

said mechanical resistance means includes a plurality of serrations

on at least one surface of said lug connector portion adapted to
contact an electrical conductor that may be inserted between the
same and said side wall. ' '

Claim 23. The connector as defined in claim 22 wherein
said adjustable fastener is a screw having an enlarged head that is
adapted to contact an adjacent surface of the base unit and move
said clamp member and said terminal lug member toward and away from
said side wall responsive to selective rotation thereof.

Claim 24. An electrical connector for connecting leads
located on opposite sides of a base unit having a base clémping
surface, said connector comprising: .

a generally "S"-shaped connector member having an
connector portion with first and second flexible contact elements
extending in an insertion direction located at one end, a terminal
lug connector portion at an opposite end, and a neck portion
joining said connector portion with said terminal lug connector
portion; and _

a clamping méans engaged on said connector portions for
releasably securing said lug connector to the said base clamping
surface of said base unit. '

Claim 25. The connector as defined in claim 24 wherein
said clamping means includes a tubular clamp member constructed and
arranged to engage said lug connector portion at one end, and
having an adjustable fastener at an opposite end for engaging the
base unit and selectively moving said lug connector portion toward
and away from:said base clamping surface.

Claim 26.* The connector as defined in claim 24 wherein
said terminal lug connector'portion'includes a terminal lug with at
least one aperture for facilitating a soldered connection.

Claim 27. = The connector as defined in claim 24 wherein

said terminal lug connector portion includes mechanical resistance

[
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flammability UL rating and the base por?i]on 22 has two connector sections
52- and 54, each of which has seven connectors for connecting the outside
lines to the thernobstat. Each connector section 52 and 54 has seven

i ndi vi dual connector assenblies 56, which are conprised of conponents that

are sho | I = 2 opening
connect oS aRe AT BT T s oy e FEbHCaE bR frgn
openi ng sid ]alé%pt ed to enable a term nal nmenber 60 to connect electrical

conductors or post schaimhesinsiadeceninéatsrof tdfimirglse a3afdy 0OFo2? s with
Corm nal THCERCH Pradvend OF s chvpfcinien Mires & dhad S5, wit¥ &
apertur e Birseasurfrceouand ansecendesurfades andg@ fdasttorsigde iandsar pecond
standard gpgde htJleash tSHdbEVRhe £iAR COCSESEndSaeaBLY nal iiny adaptied
to channel with a plurality of sockets, a plurality of openings and a
plurality of clamping formatioms, said array comprising:
at least one flexible connector portion having first and
second flexible" contact elements extending in an insertion
direction of a connector post of an electric component located
adjacent the first side of the base unit, one end of said connector
portion being configured for insertion into one of said sockets;
at least one terminal lug connector portion electrically
connected to said flexible connector portion and extending opposite
said insertion direction for comnection to a lead on ‘the second
side of the base unit, each said terminal lug connector por&ion
including a terminal lug configured to pass through at one of said
openings to project from said second surface of said base unit; and
at least one claimping means engaged on said connector
portions for releasably securing said portions to the base unit,
said clamping means including a tubular clamp member configured to
engage said clamping formation for exerting an adjustable clamping
force thereon. ) |
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connect to a conductor or wire by |oosening the term nal nenber 60 relative
to the leftward side of the opening 58 so that a conductor or wire can be

i nserted between the wall of the opening and the lug 62 and then the |ug 62
can be tightened up by noving it toward the side wall to secure the

conduct or therebetween. EachyRrvEdialofRIReEDiGAI1dsNas a pair of hol di ng
arms 64 t-hat are adap%gq to recerve a.gosf-c nnect or, b ngﬁgted to the
i

printed circuit boddeILCHAORHS sEReFTRAERL t BAYING; 20w h¥oltage
t er m nalcdttisyl Gshpadbilivy amdnretied Functdondd apdpabidditiee.ti onTh. .

Whi l e FI 5 / M i . | i
Uhe ass TS TRPTEAG & orluliR s Hileerh £88 B6E b1t Suf UM HEERng Bnd "
has an cxmkingpuritg. 73 as shown in FIG 10 adapted to have the term na

lug 62 pass through it so that when the clanp nmenber 72 is noved to the
left, the terminal lug 62
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is pulled tightly against the adjacent gurface or side Wwall of the opening
58 in the base plate as shown in FIG 2% The clanp nmenber 72 is tightened
by neans of a screw 74 which is adapted to abut agai nst one of the
associ ated annul ar surfaces 76 (see FIG 1) forned in the connector
séctions 52 and 54. The terminal lug 62 is provided with nechanical

resi stance neans such_as serr ayifon med, i n the lug 62 t hat engage the
wire and-hold it so tha}‘ i tefai | b A 9 pul | ed out when the -
thernostat i%s install & In t 4 2ne3%essary for high voltage
wire connectiopg off _ %er i 'qu able to wthstand a
pulling force p )y ' = M4 AWG Wi re, the
connection :
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must withstand 11.5 pounds pull out fowge, and the serrations in the
termnal lug 62 enable the connector aSSenbly to conply with this test.
Each of the connecting sections 52 and 54 have a connector céver 80 that
snap fits and is retained by the base portion 22 and the connector cover

has a nunber of open

connect i ng t he exter

portion has a generally open cent

ings 82 for

nal wires to

receiving the posts 66 and also have a
nunber of side openings 84 which provide access to the screws 74 for

t her nost at connectors.
rportion 86 which is provided to nake

The base

foom for o the printed circuit
board t S Iocated I n f the c ver poryion 24. Mre -
particul I ferrlng to FIG 4, ernosta may include relays 88
and 90 3 mé&? as\€>transforner c)f _—
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92. The space 86 al so separates the connecjor sections 52 and 54 and in
accordance-wi th an inportant aspect of theJpresent i nvention, one of the
connector portions 52 is connected to the |ow voltage circuitry whereas the
section 54 is connected to the high voltage circuitry connectors. This is
parttcularly significant in that the thernostat is adapted to be nounted to
a conventional 4 inch square box 94 shown in FIG 3, for a wall nounted
installation. If the thernostat 20 is to control end devices in the fan
coil unit that have an operatimng voltage that.is one of 110 VAC, 208-230
VAC or 277 VAC, the thernostat is adapted to control such devices as |ong
as a partition 95 is installed in the 4 inch square box as shown. Wth such
partition, Underwiter Laboratories sp 'flcatlons argyconplied-with. The

installation may desirable include a cp %nal‘pkaster ring 96 attached
toit and a trim .\ 3 £
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mediumor |ow fan speed. Power is supplifed REpLhReMENT 8REETYSe SG

cks 122 are provided at the input. Electriic -ﬁgﬂ&@gﬁo ‘4Q4¥@ggpﬁg _____
f control the application of auxiliary el ectrji ea& ?&ﬁpngg #%d_af
eneral ly at 126, the operation of which are co%% 1 Spy acp

fan coil unit is shown to have a danper 130 as ‘;:f 237V gf
controlling the flow of fluid through the fanic S da

operation is controlled by a relay card 134 tHat i s controlled b

fromthe thernostat 20 and the valve is contrd IR4THOFiRECEBY -ai- so fram

a.géd 55

the thernostat. The thernostat may have a shut down circuit provided by
| ines 140 which may be connected to a condensate overfl ow sensor or a
freeze protection sensor. If either of these conditions occur, it may be
desirable to shut down the thernostat. Li nes 142 are connected to a

ELECTRONIC THERMOSTAT HAVING HIGH

AND LOW VOLTAGE CONTROIL CAPABILITY

The present invention relates to electronic thermostats
and more particularly to a thermostat that is adapted for
controlling fan coil units, as well as similar heating and cooling
devices. g
Heating and cooling devices that are commonly found in
many government buildings, schools and motels for controlling the
temperature of individual rooms as well as entry ways, hallways and
the. like, are often referred to as fan coil units. Such units
generally use a heating and/or cooling coil in conjunction with a
fan to control the temperature of the space in which they are
located. The system 1n which the fan coils are located can be what
are referred to as two pipe systems in that the fan coils use a
single supply line and a single return line to either heat or cool,
with the supply line having either hot or cold water flowing
through it depending upon the “mode in which it operating. It
should be understood that both hot and cold water cannot be
supplied at the same time in a two pipe system.

Fan coil units can also be connected in a four pipe
system which use a supply and return line for cooling, as well as
a supply and return line for heating. Fan coil units often have
the capability of providing auxiliary heat by operating electrical
heating units that are a part of the fan coil unit. Such fan coil
units typically have valves for controlling the flow through the
supply and return lines, as well as fans for controlling the flow

of air over the coils and dampers are typically provided for
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chagfieover sensor which is a tenperature sensor and provides the thernostat
wtsh information relating to the tenperature of the fluid that is in the

sypply line of the fan coil. Turning now to the operation of the

t hernostat, the switch 42 controls the fan and the fan speed cycling when
the thernostat is placed in automatic o%?ration by appropriately 11
positioning the swtch 44. Switch 44 centrols the heating and cooling

functi onga gbfhbhgrblgéhmeﬁl bfomnasbfe:sp@n&mt@uwlahﬁaéhﬂau nga in

t he manual ngatlp%,mggl tnerteB |cs mr(nao J900 % t WI II Qceur rat:Lons L

setting COrrésponds o manual ¢Sl g and i gu d
designs, including dlfferent operatlng voltages of the fans and
auxiliary electric heating units, for example. It is common that .
fan coil units have operating temperatures of 24 volts, 120 voltg,
208-230 volts and 277 -volts. The control of the fan coil units can
also be varied in that dampers controlling the amount of outside
air that is to be heated or cooled for providing a higher indoor
air quality can be varied, as well as the capability of controlling
the valves and thereby the flow of heating and/or cooling fluid
from the supply or supplies. Also, the speed of the fan which
controls the amount of air that is passed over the coil that
represents the heat exchanger for the unit can be controlled.

Regardless of the design and configuration of the fan
coil units and the manner in which they are primarily controlled,
a thermostat is necessary to control the operation of the unit.
Because of the wvaried operational characteristics that are
possible, a single thermostat design has heretofore not been
available which can operate a large portion of the entire spectrum
of the different fan ceil units that commercially available. |
Moreover, because of the different operating voltages that are
available, Underwriter Laboratories compliance specifications have
resulted in thermostats being separated from control relays and the
like, and this has caused increased costs to users because of the
necessity for installing switches, relays and associated controls
that are separated from the thermostat.

Accordingly, it is a primary object of the present
invention to provide an improved thermostat for controlling fan
coil devices which may have many different and varied operating and
design characteristics.

Another object of the present invention is to provide
such an improved thermostat which is capable of being mounted on
the fan coil unit or on a wall and which can provide control of
high voltage end devices such as dampers, switches, valves and the
like, as well as low voltage end devices, with such control being
accémplished' from a single thermostat that has separated high

voltage and low voltage sections. By virtue of the unique design,
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%_Qt position no heating will occur. The AUTO or automatic setting by

fni t ch 44 corresponds to automatic heating and cooling wth changeover,
wi t h changeover being controlled by a renotely nounted sensor in the two

pi pe systenms. In the four pipe systens, the m croprocessor 40 determ nes
whet her heating or cooling should be automatig changeover. The OFF position
of switch 44 turns the fan coil and the thernmostat off. In that position

al |l enhd dRTeDIMAPRE \Af FEPabdgnRpér BeiRg TAtSkEYS O Wednes i Zdgh
state. |n dgduwmmaselectrdcadr nbdky aapbnregoivey \@ilyesthee phademeant heof am

coil, OFF &Hix%lw%atﬁﬂél%nva.lxlvﬁﬁebﬁiiaalé Ubf Ye P b WL sWaleE vith il't'?i.g'_h '
limted to heing nerély an on aglg ﬁ-fgf svxﬁtch,- the thernostat will determ ne
heat or coltagomastan &r%t Hu¥PLHRI® i TR ool i ng function is

then avail abl e. Howanerthesverbjdctt hef st chradents imvernteid@F-H st Sbe prioivdde

fans may Gopi Ndf tiQnﬁlQﬁ;&i €thermostat which 'is capable of being easily
configured to operate any of a number of fan coil units having
different - operating voltages and operating characteristics by
simply configuring the thermostat by placing or removing a number
" of jumpers.

A more detailed object is to provide such an improved
thermostat which can be easily configured to operate as a fan speed
control mode of operation, as opposed to a valve and damper type of
control if desired. '

Sstill another object is to provide an improved thermostat
which is capable of operating with fan coil devices that are.
installed in either two pipe or four pipe systems.

Yet another object of the present invention is to provide
such a thermostat which has a wmicroprocessor used to generate
control signals in response to input signals that are provided by
temperature sensors and other circuit conditions, and which
automatically provides the appropriate control functionality for
the type of system in which the fan coil is configured for.

Still another object of the present invention is to
provide an improved thermostat which has the capability of
controlling auxiliary electric heating of a fan coil as well as the
control valves and dampers thereof, and is also adapted to utilize
remote temperature sensing devices if installed as opposed to an on
board sensing device that is provided as part of the thermostat.

Another object of the present invention is to prov:"Lde
such an improved thermostat which has a test sequence that can be
run preferably during installation which determines if the
installed thermostat will properly function during actual use.

Other objects and advantages will become apparent upon
reading the following detailed description, while referring to the
attached drawings, in which: '

FIGURE 1 is a perspective view of the thermostat
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In the two pipe systemy- only one valve is used and the auxiliary electric
heat is available in tw pipe control. In a four pipe system
installation, two valves are used and one valve is for cooling control
direct acting and a second valve is for heating and is reverse acting.

The thernostat m croprocessor 40 will determ ne what the operating.node is
via a changeover input. If a sensor is connecfed, two pipe control is used.
| f .N0 sensmfodyiimPNEREt piteskeh® M rireHiREe SSHUwiM ditOPEhat &dvern &AAr Hidee

control g i sleg&tergéq:lavgg f?‘,%gxr%hi(iogagéhgpg used in four pipe, but second

heat sta ea . outside arr’ danper function is operating in
the four pipe node.FIfhe 2chinddrtdions #isyr of ddiec kpee PorEHR tFhevid ki FIG.
m croprocgssor 40 what the current operating state should be and in the

heating operating i@ e the feal, walde \par2pabtede HULwIBE a thermostat
mounted to a conventional 4 x 4 inch electrical square box}
) FIG. 4 is a view of the printed circuit board from the
inside of the cover portion;

FIG. 5 is an-exploded plan view of a connector assembly
of the present invention;

FIG. 6 is an end view of a portion of the connector
assembly shown in FIG. S;

FIG. 7 is a cross section taken generally along the line
7-7 in FIG. 6;

FIG. 8 is an end view of the connector assembly of FIG.
5;

FIG. 9 is a cross section taken generally along the line
9-9 in FIG. 6;

FIG. 10 is a plan view of a clamp member and screw of the
connector assembly of the present invention;

FIG. 11 is an electrical schematic circuit diagram .of an
installation of the thermostat in an application.of a low voltage
fan coil unit; and, _

FIGS. 12a and 12b together comprise an electrical circuit
schematic diagram of the circuitry of the thermostat of the present
invention. '

Detailed Description
Broadly stated, the present ‘invention comprises a

thermostat that is particularly adapted for use in controlling the
operation of a variety of heating and cooling devices and is
particularly suited for controlling fan coil héating and cooling
devices, such as are used in government building, schools, motel
rooms and the like. While the thermostat is particularly useful in
controlling fan éoil units, it is certainly not limited to control
of such specific units, but can be used to control any number of
heating and cooling'devices of which thermostatic control is useful

and which desirably controls mechanical end devices such as valve

I'his is the replacement sheet



cboling val ve is disabled. Conversely, in the cooling state, the heat valve
I s disabled and the cooling valve_ is enabl ed. The changeover sensor
creates a changeover to cooling when the tenperature preferably
exceeds approximately [err]. and the heating changeover occurs preferably
wherr the tenperature i s bel ow 12 approximately [err]. At power up, the
default state for changeover is prefenﬁyy'heatlng when t he sensed

changeoveroﬁee:lﬂmt urfan»ssahat YBRBe 25 PERXE r@é@'dbr@éc%@é ker &] ch&mb&at or
preferred that eleglric 1up%%F C%”g?gt%éwg} €BSent 1nVe&%fgn|1%rXxgremely

second st &yeC AGXI rary Sati
exible in its functlonal operatlon, and is designed to control

end devices that may have operating voltages that vary within a
substantial range.

. In this regard, the thermostat of the present invention
is adapted to have 24 volts alternating current (VAC) control and
also can directly control devices having operating voltages of 120
VAC, as well as 208-230 and 277 VAC. .The thermostat can be set for
any one of these operating voltages and has onboard relays that can
switch end devices having any of the aforementioned operating
voltages and can control current loads of up to several amps even
when operating at the 277 VAC. The device conforms with UL 873
specifications and can be mounted on the fan coil unit itself or
can be wall mounted. The thermostat can function to provide
automatic control or manual control in either a heating or cooling
mode of operation. The thermostat can also function in an on/off

- mode of control and can also function as a fan speed on/off
controller or a temperature controller that functions either in an
automatic or heating or cooling mode, as well as in an on/off
temperature controller mode. The thermostat has a dial knob for
specifying the temperature set point £for the spaée to be
controlled. The end devices can operate at 24 VAC or at the afore
mentioned higher line voltages.

When the thermostat is intended to to control 277 VAC end
devices, it can directly control and operate valves and fan motors
that operate at 277 VAC. When the thermostat is mounted remotely
on a wall, it cannot directly control 277 VAC end devices, and in
this configuration, the thermostat provides 24 volt output signals
to control relays that are located in a fan coil unit. The
thermostat is designed so that if the voltage levels of the supply
power are not as specified, the thermostat will go into a
deenergized state so that unpredictable operation does not occur,
i.e., the thermostat is brown out protected.

Turning now to the drawings, and particularly FIG. 1, a
thermostat embodying the present invention is indicated generally

at 20, which is an exploded perspective view. The thermostat has
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tenperature deternmined by the set point dial minus the dead band of
preferably approximately [err] or approximately [err] as is desired. Second
stage heating is operated when the tenperature is at the set point dial

m nus the dead band m nus an additional approximately [err] Wth respect to
tenperature control, when the neasured tenperature rises and crosses the
set point tenperature by approximatelyg[err]., the thernostat initiates a

cooling seq ence. LQ%.%hernDs fgargfai se'nl%?e %po%%ng stgtgeuntil t he
measured tenpetat 8°& Talts BEoW the et %%I fenpet at G e “BY “Apr okt Hatel y
[err]. Thénditetedecgaperatlemfs Ihe Wisdl Engesparature 2at apeinterokakhbbnd
Zt at ed Thaiheatndly JeiFoki sacLRAGad efonlinae bbE sl m@mbmttu&&,.hbphen&mb
ependent _upon tae Ea Qi ] pi tWwo plpe system t t nost at
can only aﬁté? haP 8§t§ﬂgg?uﬁ§?ﬁgﬁt%.t€§ e R p:thod 2 ! MR
- knob 26 has a stem 28 that has a split end 30 (FIG. 4) that is
adapted to be mechanically connected to a potentiometer 32 that is
mounted to a printed circuit board 34 that is mounted to the inside
of the cover portion 24. The dial knob 26 can be removed by using
needle-nose pliers to pinch the split ends 30 together so that the

dial knob 26 can be removed. The cover portion has a semi-circular

opening 36 in which an extension (not shown) can fit and which
limits the rotation of the dial knob 26 through a predetermined arc
that corresponds with the high and low setting of the thermostat
which has temperature indicating indicia printed thereon.

When the dial knob 26 is removed, an enlarged opening 38
reveals an exposed jumper which can be shorted for the purpose of
initiating a test sequence to determine if the thermostat is
operating properly. Once the test jumper is shorted, the test
sequence is started by rotating the set point potentiometer fully
clockwise to initiate the test without a changeover temperature
test. It can be rotated fully counterclockwise to initiate the
test with a changeover temperature test. The start determines if
the room or air temperature is greater than 60 degrees F. and less
than 80 degrees F. ’

Start:
05 Timer = O
10 If set point at maximum value then go to 40
- 20 If set point not at minimum value then go to fail
-~ 30 If changeover temperature >60° F. and <80° F. then go
: to 40, else fail :
- 40 If room or return air temperature >60° F. and <80° F.
" then go to 50, else go to fail
- 50 If normally closed input = short then go to 60, else
go to fail
- 60 If timer = 5 seconds then complement output 1, output
2, damper, 2nd heat stage
- 65 Set timer = 0
- 70 Go to 10
Fail:

- 80 Set Output 1, Output 2, Damper, 2nd Heat Stage =
relays energized
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the changeover sensor indicates to the mcroprocessor that hot water is
present. Once hot water is sensed, the heating function operates |ike the
cooling function with the valve operating in a reverse action. As the
nmeasured tenperature falls below the heating set point (the heating set
point is the cooling set point mnus the dedd band tenperature) by
approximately [-erl., aecsal we is. energized (sane val ve as cooling,
operating in revao®e aEndon). The thernpstat stays in the heating state

until the measured h%”%%? terfxfenree%%s 3RPQX] @E?%yng L5ka beesermsvgeéhang

set point., In the four f% col | COﬂtI’O ange er, sensor 1Is

enpl oyed. JUTPFE BRer FERtATe RS fete PALRE Lt YhRRGREAT e (fkddy RPbapiemet
poi nt m nes teatt Hatd tiéspdnataldetiopesdbtient he second val ve for heating.

The tenperature air pguSEhaka8sPit [£dd has a microprocessor 40 and a pair of
gslide switches 42 and 44 which control the fan and operating mode
of the thermostat respectively. The microprocessor 40 (see FIG.
11b) is preferably a Motorola HC0S microprocessor that is modified
to perform the functionality that is described herein.

With respect to the fan speed control 42 shown in FIG. 1
and also referring to FIG. 12a, it is a preferably four position
switch which has OFF, HIGH, MEDIUM and LOW positions from left to
right, which results in the fan being switched from OFF to HIGH
speed before it can be lowered to MEDIUM or the LOW speed setting.
With respect to the switch 44 , its left position is OFF and the
other positions are AUTO, HEAT and. COOL modes of operation. The
switches are slidable within slots 46 that are formed in a
rectangular insert 48 that is preferably permanently bonded to the
cover portion 24 and the insert can have slots 46 of varying
lengths to limit the travel of the switches, if the particular
thermostat configuration 1limits the functionality of the
thermostat. For example, with respect to the fan speed switch 42,
there are applications-where it is desired that the fan never be
turned off and in such event, the off state is effectively
eliminated by having a shorter slot 46 that blocks the leftward
movement of the switch 42 to the off position. The cover portion
24 also has a plurality of openings 50 located around the four
sides of the thermostat which are provided to permit circulation of
air to the interior of the thermostat where a temperature sensing
thermistor is located. _ o

In accordance with an important aspect of the present
invention, the base portion 22 is easily separable from the cover
portion 24 and the base portion is adapted to be connected to
electrical conductors that extend to the fan coil unit that is to
be controlled. Both the cover portions and base portions are made
of plastic, preferably Cycolac ABS plastic which has a UL94-SVA
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bel ow the heating set point. The heati ng val ve stays energized until the
tenperature rises approximately [err]. above the heating set point. The
measured tenperature will cqone froma printed circuit board nounted
sensor 32. Wien the thernostat 13 m croprocessor 40 detects that a
renmdte return air sensor is connected, it will automatically use the renote
sensor and disregard the PC board nount ed nsor 32. Both tenperatures are
pr efer abl §1 s Edi tyy UL ecad i (it s Ibate” [pRAtlionNCe eMsar Yewd WoreRsauuis.
Wth reSpgé;étitcghé h%zouéﬁéd%éi regéﬁpecgf Uhlk:ﬁ q,&{é VSeLrQn connectors for
connecting the outside lines to the thermostat.

Each connector section 52 and 54 has seven individual
connector assemblies 56, which are comprised of components that are
shown in FIGS. 5-9. The base portion 22 has an opening 58 for each
cor.mector assembly which extends completely through the base
portion. The opening 58 is adapted to enable a terminal member 60
to connect electrical conductors or posts on the inside surface of
the base portion 22 with conductors or wires on the outside
surface. The terminal member 60 has a terminal lug 62 which
extends through the opening 58 and has a small aperture 63 near the
outer end thereof as is required for an industry standard spade
lug. Alternatively, the connector assembly 56 is adapted to
connect to a conductor or wire by loosening the terminal member 60
relative to the leftward side of the opening 58 so that a conductor
or wire can be inserted between the wall of the opening and the lug
62 and then the lug 62 can be tightenéd up by moving it toward the
side wall to secure the conductor therebetween. :

Each terminal member 60 also has a pair of holding arms
64 that are adapted to receive a post-connector 66 mounted to the
printed circuit board 34 which is attached to cover portion 24.
The terminal member 60 also has a connecting portion 68 and a neck
portion 70. While FIG. S5 shows the terminal member 60 adjacent to
a clamp member 72, in the assembled connector assembly, the clamp
member 72 which is square and has an center opening 73 as shown in
FIG. 10 adapted to have the terminal lug 62 pasé through it so that
when the clamp member 72 is moved to the left, the terminal lug 62
is pulled tightly against the adjacent surface or side wall of the
opening S8 in the base plate as shown in FIG. 2. The clamp member
72 is tightened by means of a screw 74 which is adapted to abut
against one of the associated annular surfaces 76 (see FIG. 1)
formed in the connector sections 52 and S4. The terminal lug 62 is
provided with méchanical resistance means such as serrations 78
formed in the lug 62 that engage the wire and hold it so that it
will not be easily pulled out when the thermostat is installed. 1In

this regard, it is necessary for high voltage wire connections of
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all thernostat configurations. It nmay or nmay not be connected to a danper
in all fan coils. The danper output is a two state output. Danper m ninum
and maxi num are preferably nechanically set at the danper actuator. The
danper control has two operating nodes which are 1 AQ (indoor air quality)
and conservation. The | AQ node results in g)e m cr oprocessor forcing the
danper open a %ﬁélnﬁ the fan is runnlngE The thernostat has el ectrical

e

circuitry tee S RREIRF ARSI Pt e i Bridisteydand Prd Lipgy ferseed
in FIGS. 12a specifibednint b ¢BAEBui t Fpri spptosant AWG wheepr cheedonneetiibn
board 34. Jhe tofPhdedina 111f§0%&khdél gl Qe sehaun aHdFtﬁe zerilaqlxemcan .

are electrically cpnnec espective posts 66 shown in
the cover PRFt¥ 5“{ if‘ tIl?}'ée RN EFEPE 8 ﬁs?'Qb?a% E?e??ﬂﬁ%?’y“ltg

descri bed, tlui= taésstn. il ustrated in FIG 12a as term nals
Each of the connecting sections 52 and S4 have a

connector cover 80 that snap fits and is retained by the base
portion 22 and the connector cover has a number of openings 82 for
receiving the posts 66 and also have a number of side openings 84
which provide access to the screws 74 for connecting the external
.wires to the thermostat connectors. The base portion has a
generally open center portion 86 which is provided to make.room for
larger sized components that are mounted to the printed circuit
board that is located in the inside of the cover portion 24.

More particularly, and referring to FIG. 4, the
thermostat may include relays 88 and 90 as well as a transformer
92. The space 86 also separates the connector sections 52 and 54
and in accordance with an important aspect of the present
invention, one of the connector portions 52 is connected to the low
voltage circuitry whereas the section 54 is connected to the high
voltage circuitry connectors. This is particularly significant in
that the thermostat is adapted to be mounted to a conventional 4
inch square box 94 shown in FIG. 3, for a wall mounted
installation. If the thermostat 20 is to control end devices in
the fan coil unit that have an operating voltage that is one of 110

! VAC, 208-230 VAC or 277 th; the thermostat is adapted to control
such devices as long.aé a partition 95 is installed in the 4 inch
square box as shown. With such partition, Underwriter Laboratories
specifications are complied with. The installation may desirable
include a conventional plaster ring 96 attached to it and a trim
plate 98 méy be attached to the plaster ring 96 by conventional

- screws. A decorative wall plate may be provided and is preﬁerably

| designed to receive the base portion 22 which is attached by two
screws 102 and the cover portion 24 can be attached to the base
portion 22.  While the holding arms 64 receive the posts 66 in
frictional engagement and provide a holding force, the cover
portion 24 also has a number of cooperative recesses on the inside
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PL through P14 on the left side thereof, and are also functionally
I dentified adjacent the term nal designations. The term nal block has the
following term nals and associ ated description: Pin Designation

Descri ption Type OF Wring 1 - Li ne Power
H gh or | ow voltage AC 2 Li ni ﬁorrrmn H gh or |ow
vol tage AC ow_volta

M ﬁaﬁnghﬁ¥eof (not shoJ%H bﬂ ﬁﬁﬁﬁ 95??5@%£§R§E%A4 are proglde

Fan Low so that the covHrgpogplpgmp@Ow;gb@nw@ git onQthe base gggpgpnlzz
H gh or | Q)He\‘@'thégéo%r7portleﬂ is presdéd [BHt2 the base portionki gh or | ow

vol tage AC 8 re 1%?#@33; n%:.oned the theIIQﬁgs\{:(Qtt %@ng thg

Norrrally Cl osed Inpu owv
present invention is adapted for use with low voltage installations

as well as the other three aforementioned operating voltages of 120
volts, 208-130 volts and 277 volts. The thermostat is also adapted
for use with fan coils having two pipe and four pipe installations.
A two pipe low voltage installation is shown in FIG. 11 which is
generally representative of the type of end devices and circuitry
that are utilized regardless of the voltage level. In the
schematic diagram of FIG. 11, the thermostat 20 is shown to be
connected to a terminal strip 110 located within a junction box in
the fan coil unit and the circuitry of a fan coil unit includes fan
motors 112 and 114 which are powered by relays 116 pursuant to
control signals being applied on one of the three lines 118 which
activates the appropriate one of the relays to provide either the
high, medium or low fan speed. Power is supplied on line 120 and
fuse blocks 122 are provided at the input. Electrical contactors
124 are used to control the application of auxiliary electric
heaters indicated generally at 126, the operation of which are
controlled by lines 128.

The fan coil unit is shown to have a damper 130 as well
as a valve 132 for controlling the flow of fluid through the fan
coil. The damper 130 operation is controlled by a relay card 134
that is controlled by line 136 from the thermostat 20 and the valve
is controlled by line 138 also from the thermostat. The thermostat
may have a shut down circuit provided by lines 140 which may be
connected to a condensate overflow sensor or a freeze.protection
sensor. If either of these conditions occur, it may be desirable
to shut down the thermostat. Lines 142 are connected to a
changeover sensor which is a temperature sensor and provides the
thermostat with information relating to the temperature of the
fluid that is in the supply line of the fan coil.

Turning now to the operation of the thermostat, the
switch 42 controls the fan and the fan speed cycling when the

thermostat is placed in automatic operation by appropriately
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10 G Low Volt Comon - Low vol tage DC 11 R

Return Air Sensor Low vol tage DC 12 C Changeover Sensor
Low vol tage DC 13 H2 2nd Heat Stage : "Low vol tage DC 14
24V . 24 VAC Power Low vol tage AC The lines connected to the
terminals are identified with T designationseas illustrated, and these
lines are al so present on 14 FIG 12b are intended to denote

el ectri cal meovitiioming drheoswitehons . Si rAwigche st iquitiepliss theli Beseiingnand
:Q:_\n(eéOI\B/IO t ISP EFIncRI B khdseby t REMEATEIEht I¥HCco¥edspShRs BELAYnuahd
_ . heating. When in the manual heating mode, there is no cooling that
will occur. The COOL setting corresponds to manual cooling and in
that position no heating will occur. The AUTO or automatic setting
by switch 44 corresponds to automatic heating and cooling with
cﬁangeover, with changeover being controlled by a remotely mounted
sensor in the two pipe systems. In the four pipe systems, the
microprocessor 40 detexrmines whether heating or cooling should be
automatic changeover. The OFF position of switch 44 turns the fan
coil and the thermostat off. In that position all end devices such
as valves, dampers and the like go to a deenergized state. In the
case where normally open two way valves are used in the fan coil,
OFF corresponds to the valves being fully open. When switch 44 is
limited to being merely an on and off swit'ch, the thermostat will
determine heat or cool automatically and no manual heating or
cooling function is then available. However, even if the switch 44
is in the OFF state, the fans may continue to operate.

In the two pipe system, only one valve is used and the
auxiliary electric heat is available in two pipe control. In a
four pipe system installation, two valves are used and one valve is
for cooling control direct acting and a second valve is for heating
and is reverse acting. The thermostat microprocessor 40 will
determine what the operating mode is via a changeover input. If a
sensor is connected, two pipe control is used. If no sensor is
connected, the microprocessor will operate in a four pipe control
mode. Electric heat operation is not used in four pipe, but second
heat stage heat is active. The outside air damper function is
operating in the four pipe mode.

The changeover sensor indicates to the thermostat
microprocessor 40 what the current opéfating state should be and in
the heating operating state, the heat valve is enabled, but the
cooling valve is disabled. Conversely, in the cooling state, the
heat valve is disabled and the cooling valve is enabled. The
changeover sensor creates a changeover to cooling when the
temperature preferably exceeds approximately 85° F. and the heating
changeover occurs preferably when the temperature is below

This is the replacement sheet

pate: 2 7 FEB 199



ines, as is well known to those skilled in the electronic arts. The manner
i n which the thernostat is to operate is:determ ned by the thernostat
detecting circuit conditions, such as the presence of a renote thermistor,
for exanple and by the use of a nunber of junpers. Referring to FIG 12a,
junpéts 150 and 152 determine the operatlnﬁ. ol tage of the end devices of
the fan c0|I un|t that the thernostat is t ntrol. Wen junper 150 is in

circuit, f; £QINOBski pe vl b@%roﬁbp| Itﬂfé &5&&&9] £&dMe lfi:xzﬂzh\éﬁb"e%ver

When Junper 0 | IrCUI er S ci rCUI} -

provi di ng arf opE ?ﬁ ?i?¢|ngﬁ% éé%l %%sare 2 % Bﬁfﬁﬁ?r§7?s

VAC, -t hen Jhﬁﬁkﬁan&@@@mgxumaﬁeiwu55 and $3hper 150 is reaned If the

thermostat is to Contxﬁzollsvglx:\éeérre& HRRE et ¥ialn hehkCdble hh tiwol Steps,

desired for, }JF% EL&S?QL%%GSS séggé ngﬁLO|Aux111ary heating operates at a
temperature determined by the set p01nt dial minus the dead band of
preferably approximately 3.6° or approxlmately 10° as is desired.

Second stage heating is operated when the temperature is at the set

point dial minus the dead band minus an additional approximately

1.8° F.

With respect to temperature control, when the measured
temperature rises and crosses the set point temperature by
approximately 0.9° F., the thermostat initiates a cooling sequence.
The thermostat remains in the cooling state until the wmeasured
temperature falls below the set point temperature by approximately
0.9° F. Then the thermostat ends ‘the cooling state and enters the
dead band étate. The heating function operates like the cooling
function, but is dependent upon the fan coil piping. In a two pipe
system, the thermostat can only enter the heating function after

the changeover sensor indicates to the microprocessor that hot
water is present. Once hot water is sensed, the heating function
‘operates like the cooling function with the valve operating in a
reverse action. As the measured temperature £falls below the
heating set point (the heating set point is the cooling set point
minus the dead band temperature) by approximately 0.9° F., the
valve is energized (same valve as cooling, operating in reverse
action). The thermostat stays in the heating state until the
measured temperature rises approximately 0.9° F. above the heating
set point.

In the four pipe fan coil dontroller no changeover sensor
is employed. The thermostat uses the difference between the
measured and set point minus dead band temperature to enable the
second valve for heating. The temperature air must also be 0.9° F.
below the heating set point. The heating valve stays energized
until the temperature rises approximately 0.9° F. above the heating
set point. The measured temperature will come from a printed

circuit board mounted sensor 32. When the thermostat
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the fan during automatic node of operation, a junper 158 is in circuit, and

If the fans are to be manually controlled by the switch, and not

m croprocessor 40 controlled, the junper 156 and 158 is renoved. For manual

control of the fan speed, the switch 42 has sw tched contacts 160, 162 and

164 which are cl osed dependi ng upon the swgg position, for selecting the
m

hi gh,;. medi umc%grgwesseggdf PeRkLERR 0l e ek UTREL 466, PfO%deS a

swi t ched auxi Tl a renot rn"circuit. 9 r'rb%r
i s provi de&%ﬁcttﬁélll néPaI ‘t"%\%:f-orf’“w'fé‘f‘?t&%llh’ n'tb%ﬁlt ddiet h&rRESeat 529895 uaed

t 0 centrol dishegarddaipers bma&dammtadysehecfrzz hemdth amdnpmﬁattlefes_are
t her nost at #fe%aba? ?'alngieat %Eh& r&HEstso‘éhﬁEeié‘aéé‘ ?‘Fe%p%%dt%fe"e

set. This typlic ccur en t n coll unit nst
cei ling of S&"?Héée or room A junper 168 forces
With respect to the outside air damper, it is active in

all thermostat configqurations. It may or may not be connected to
a damper in all fan coils. The damper output is a two state
output. Damper minimum and maximum are preferably mechanically set
at the damper actuator. The damper control has two operating modes
which are IAQ (indoor air quality) and conservation. The IAQ mode
results in the microprocessor forcing the damper open any time the
fan is running.

The thermostat has electrical circuitry to carry out the
above described functionality and is illustrated in FIGS. 12a and
12b and the circuitry is present on the printed circuit board 34.
The terminals 1 through 14 that are shown in FIG. 2, and which are
electrically connected to the respectivé posts 66 shown in FIG. 4
when the cover portion 24 is attached to the base portion 22 as
previously described, are also illustrated in FIG. 12a as terminals
Pl through P14 on the left side thereof, and are also functionally
identified adjacent the terminal designations. '

The terminal block has the following terminals and
associated descriptionf

Pin Designation Description Type Of Wiring
1 ~ Line Power High or low voltage AC
2 . Line Common High or low wvoltage AC
3 H Fan High . High or low voltage AC
4 M Fan Medium High or low voltage AC
5 L Fan Low High or low voltage AC
6 01 Output 1 . ' High or low voltage AC
7 02 Qutput 2 High or low voltage AC
8 D Damper Out Low voltage DC
9 s Normally Closed Input Low voltage DC

10 G Low Volt Common Low voltage DC

11 R Return Air Sensor Low voltage DC

12 C Changeover Sensor Low voltage DC

13 H2 2nd Heat Stage Low voltage DC

14 24V 24 VAC Power Low voltage AC

The lines connected to the terminals are identified with

T designations as illustrated, and these lines are also present on
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val ve to be closed when the fan is off to prevent sweating when this junper
Is in circuit. The remainder of the circuitry shown in-FIG 12a includes a
brown out detector, indicated generally at 170, which provides a voltage

| evel- on line 172 that is connected to one input of an operational
anplifier 174 and which provides a reset gftlfm when the detected voltage

i's bel ow appr oxi nat el 18 volts. 15 Th rcuitry of FILG 12b incl udes
the ‘micr opé))g%es%& 4nArEheHEanEed g afgnete ﬁtlef’ﬁé'lﬁﬁﬁercq’%‘f%mpb?rl o

of the dr awmmeatriorn nslnerlaf jantpaudtyi del idéhgatedpensiidésand th&owghch
are used 9y 5elfCleddNbEOkoRT REFE MRS F8cPVY, HDTRIRBLAP A RLY com

lines, as is well known to those skilled in the electronic arts.

The manner in which the thermostat is to operate is
determined by the thermostat detecting circuit conditions, such as
the ‘presence of a remote thermistor, for example, and by the use of
a number of jumpers.. Referring to FIG. 12a, jumpers 150 and 152
determine the operating voltage of the end devices of the fan coil
unit that the thermostat is to control. When jumper 150 is in
circuit, the relay common line voltage on line 154 (RLY COM) is 24
volts. When jumper 150 is in circuit, jumper 152 is out of circuit
or removed, providing an open circuit. If the end devices are 120
VAC, 208 VAC or 277 VAC, then jumper- 152 is in circuit and jumper
150 is removed. .

If the thermostat is to control valves, a jumper 156 is
in circuit. If it is desired for the microprocessor 40 to control
the fan during automatic mode of operation, a jumper 158 is in
circuit, and if the fans are to be manually controlled by the
switch, and not microprocessor 40 controlled, the jumper 156 and
158 is removed. For manual control of the fan speed, the switch 42
has switched contacts 160, 162 and 164 which are closed depending
upon the switch position, for selecting the high, wmedium or low
speed operation of the fan. . _

A jumper 166 provides a switched auxiliary output for a
remote relay when in circuit. This jumper is provided for the
installation when a wall mounted thermostat 20 is used to control
valves, dampers, and auxiliary electric heat, and another
thermostat 20 is installed at the fan coil unit wherein the fan
speed is set. This may typically occur when the fan coil unit is
installed in the ceiling of a space or room. A jumper 168 forces
valve to be closed when the fan is off to prevent sweating when
this jumper is in circuit. The remainder of the circuitry shown in
FIG. 12a includes a brown out detector, indicated generally at 170,
which provides a voltage level on line 172 that is connected to one
input of an operational amplifier 174 and which provides a reset
output when the detected voltage is below approximately 18 volts.
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normal Iy closed. A junper 180 is provided which when in circuit results in
the thernostat controlling heating and cooling operation by controlling the
val ves. Wen the thernostat is used to control fan speed for controlling
heatirnig and/or cooling, the junper 180 is remmved. To have the thernostat
operate in this manner, the thernostat sw 42 must be set in the AUTO
or automatic positiorchel pikbustopesAtEIG Méeintheddannd icopsredsrid 4ion

the high o [ r Xi gat wi_t ched
ot he appriit (bRrERAgY 08 PRC NB Phd it BERE ot N che ARG
per f or m ng 3% AadteResd W wreya c F AN B9IdIHEPRYS shdf t #RY: 17Reybich are

cont act s afussd havi sgleetioeedtbE dEalhiencialzesasspbadingusigrmekloy | bpen Ar

j umper 184 | 5-pRQY) 8¢, S‘Tit Tjid}g)e@‘i/g%”‘i\énérﬁr%&&&d&ﬁ{cﬁi {néfakn! $1ERu0E

admtted during operation. If i'n the | npde, the_ junper is_In
results in the thermostat controlling heating and cooling operation
by controlling the valves. When the thermostat is used to control
fan speed for controlling heating and_/o:: cooling, the jumper 1840 is
removed. To have the thermostat operate in this manner, the
thermostat switch 42 must be set in the AUTO or automatic position.
In this operating mode, the fan will always start in the high
operating speed for approximately 0.5 seconds and then be switched
to the appropriate speed state. '

A set of contacts 182 are provided for performing the
autotest cycie, which can be done by shorting: these contacts after
having removed the dial knob 26 as previously described. A jumper
184 is provided for setting the amount of outdoor air that is to be
admitted during operation. If in the IAQ mode, the jumper is in
place and approximately 90% of the air used is outside air. If in
the conservation mode, the jumper 184 is removed, and approximately
60% of the air is outside air. A final jumper 186 determines the
dead band and is approximately 3.6 degrees F. when in circuit, and
approximately 10 degrees F. when removed. The latter deadband
value may be used in common areas, such as an entry way or hall
where the temperature range may not be critical because of the
transient usage of the space, for example..

The circuit includes an analog-to-digital converter 188
for converting analog values, such as the signal'.from the
changeover sensor Ehermistor on line 190, the signal from the
external temperature sensor thermistor on line 192, the signal from
the set point potentiometer 32 controlled by the dial knob 26 on
line 194, and the signal on line 196 from the temperature sensing
thermistor 198 that is mounted on the printed circuit board 34.
The transistors and resistors located in block 200 comprise a
multiplexer for selecting one of the signals for application to the
analog-to-digital-converter 188. When reset line 202 is low as a
result of a brown out or power fail condition, the microprocessor
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pl ace and approximately 90% of the air used is outside air. If in the
conservation node, the junper 184 is renoved, and approximately 60% of the
air is outside air. A final junper 186 determ nes the dead band and is
approximately 3.6 degrees F. when in circuit, and approxi mately 10 degrees
F. when renoved. The | atter deadband val may be used in commopn areas,
such as an esatregsawy or hall where the teng ature range may not be

critical because of t r [ sage of, the s for ex The
circuit includes an %%%émf?g %Q&egaﬁ dondEr 3? E§B%Fo Hﬁﬁﬁégq) sy Sharogn
val ues, sucH"RECYek iﬁﬁﬁsﬁﬁ%nﬁéﬁebGﬁEnQBGVQrae@n@©$011h§dnEhumhohablmany
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sensi ng particularly with respect to the types of fan coil units that may
be controlled by the thermostat. The thermostat is designed to
control end devices of the type which are present in most fan coil
units which can be 120, 208-230, or 277 VAC devices. The
thermostat of the present invention can be easily installed on a
conventional 4 x 4 inch square box with the use of a simple, easily
installed partition and still comply with Underwriters Laboratories
specifications.

While various embodiments of the present invention have
been shown and described, it should be understood that various
alternatives, substitutions and equivalents can be used, and the
present invention should only be limited by the claims and
equivalents of the claims. '

' Various features of the present invention are set forth

in the following claims.
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thérm’stor

198 that is mounted on the printed circuit board 34 The

transistors and resistors |ocated in block 200 conprise a multiplexer for
sel ecting one of the signals for appllc hpn to the anal og-to-digital

converter 188. When reset line 202 is as a result of a brown out or
power fail vAWIilS @LAIMED rI'Beroprocessor s reset.

16 Fromthe foregoin houl ¢4 b t h % t
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fan coil unidmiAf1a4aB¥%, at least one electric heating apparatus and at least

one air damper, said thermostat comprising:

a base portion adapted to be mounted to a mounting
surface; :

a cover portion adapted to be attached to said base
portion;

switch means for controlling the operation of the
thermostat, said switch means being associated with said cover
portion and being accessible for operation;

temperature setting means associated with said cover for
setting a nominal temperature set point;

processing means being connected to one of said base and
cover portions for receiving operating status signals and
temperature indicating signals and for selectively generating
output signals for controlling the heating and cooling equipment;

a first means for sensing the temperature of the air of
a space in which the thermostat is to control;

a plurality of first connection means for connecting high
voltage circuits associated with selected end devices;

a plurality of second connection means for connecting low
voltage circuits associated with selected end devices.

Claim 2. A thermostat as defined in claim 1 wherein
said switch means further comprises:

a fan switch for controlling the operating speed of the
fan;

a mode switch for selecting the operating mode of the
thermostat. '

Claim 3. A thermostat as defined in claim 1 wherein
said temperature setting means comprises an adjustable set point
potentiometer that has an operating means that is manually
accessible from outside of the cover portion by an operator.

Claim 4. A thermostat as defined in claim 1 wherein

said first and second connection means are attached to said base
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be ¢ontro||ed by the thernostat. The thernostat is designed to control end
devi ces of the type which are present in nost fan coil units which can be

120, 208-230, or 277 VAC devi ces. The t hernostat of the present

i nvention can be easily installed on a entional 4 x 4 inch square box
with the use of a s easl nstaII artltlona St'lai y wWith
Underwri t 8°%t E&'Bmftag‘]li’i & Jak f?%’éﬁﬁ o TS HE A 5’us eivo c?ﬁa‘-’?ﬁ o?ttﬁe

present i Miewti emdhapeetiosn agidomachn@fdeadi segondt ceppertior nAaRssbebug
that vari qéeagtebetRabi ¥88on8UBREI pott 1615 cHpbsARe valianEsre8neh@ peetdioand

the present inventi gg shogl d ongl %Thgt I 's@hl:egsbﬁetﬂ‘ﬁe | 3i s, 1A, eﬂuhxgkg%s

of the clains. Vari ures resent 1 nventi on are set for
t he fOIIOWBHQ bp§pnportlon is adapted to be attached to a conventional 4 x

4 inch electrical box. having a partition separating approximately
one half of the interior from the other side thereof, each side
being adapted to receive one of high voltage circuits and low
voltage circuits, said partition separating said high voltage

circuits from said low voltage circuits.
Claim 6. A thermostat as defined in claim 1 wherein.

said high voltage circuits have voltage levels within the range of
approximately 110 volts AC to approximately 277 volts AC.

: Claim 7. A thermostat as defined in claim 1 wherein
said low voltage circuits have voltage levels below approximately

30 VAC.
Claim 8. A thermostat as defined in claim 1 wherein

said first temperature sensing means is located in said cover
portion, said cover portion having a plurality of openings adapted
to admit air inside said cover portion.

Claim 9. A thermostat as defined in claim 1 further
including signals that are indicative of sensed temperature from a
remotely located temperature sensing means.

Claim 10. A thermostat as defined in claim 1 wherein
said_first temperature sensing means comprises a thermistor.

Claim 11. A thermostat as defined in claim 4 wherein
said first and second end portions have a center space therebetween
adapted to receive large components located in said cover portion.

Claim 12. A thermostat as defined in claim 2 further
including at least one relay means for controlling one of said end
devices, said relay means producing a selectively switched output
signal of up to approximately 277 VAC.

Claim 13. A thermostat as defined in claim 12 further
including a printed circuit board mounted to the inside of said
cover portion, said processing means being mounted to said printed
circuit board.

Claim 14. A thermostat as defined in claim 13 further
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17 WHAT IS CLAIMED I'S: O aim 1. A thernostat for controlling heating
and cool i ng equi pment of the type which includes a fan and at | east one end
devi ce consisting of at |east one heating and cooling fluid control valve,

at | east one electric heating apparatus an Ieast one air darrper sai d
t her nost at camaée@alz@d bas & ar td0n %@i s DEs TRAH & 4, g Jopnting
surface; a coyver po t|on adapt ed to be attached to sal ase po |on

Claim 15. A thermostat as defined in claim 12 further
including a plurality third connection means for connecting a
plurality of circuit termination of said printed circuit board to
said first and second .-connection means.

Claim 16. A thermostat as defined in claim 15 wherein
each of said third connection means comprises posts which are
electrically connected to one of said first and second connection
means when said cover portion is attached to said base portion.

Claim 17. A thermostat as defined in claim 12 further
characterized in that said fan switch and said mode switch are
mounted on said printed circuit board, said fan and mode switches
being multiple position switches having operating means which
extend through apertures in said cover portion, so that an operator
can change switch positions without removing said cover portion.

Claim 18. An electrical tbnnector for connecting leads
located on opposite surfaces of a base unit having a first side and
a second side and at least one connector opening with at least a
first interior side wall, said connector comprising:

a flexible connector portion having first and second
flexible contact arms adjacent one another adapted to receive a
lead post of an electric component from said first side;

a terminal lug connector portion electrically connected
to said flexible connector portion and extending through one of
said connector openings and being adapted to provide a connection
peint to an-electriéal conductor from said second side; and,

clamping means engaged on said connector portions for
releasably securing said connector to the base unit, whereby said
lug connector portion is urged toward said side wall.

Claim 19. The connector as defined in claim 18 wherein
said flexible connector portion is integrally formed with 'said
terminal lug connector portion.

Claim 20. The connector as defined in claim 18 wherein
said clamping means includes a tubular clamp member having a first
end and a second end, a segment of one of said connector portions

béing,disposed adjacent said first end, and an adjustable fastener
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swi tch means for controlling the operation of the thernmostat, said switch
nmeans being associated with said cover portion and being accessible for
operation; tenperature setting nmeans associated with said cover for setting

' [ | ' ted to one of
a nomi nal tenperature set point; process:g nmeans bei ng connec
sai d base and cover portlons for receivi 6operatlng status signals and

t enper at ur 5*Rgi EREPAGIsEgnarddaracend erdectivel y generating out put

signals for controlIgmg;mng_heaumagcaﬂdeQQQ}|gg;d@yihggegh cgﬁihrﬁérﬁggfﬁfn

o to Cont Lol CebEPRAR IS nddich bofl BnohRidds Forhanhiet Fapiotamee -

t urality
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second connection me@hgihor2conmhet £8@néOWbr as defined in claim 21 wherein
said mechanical resistance means includes a plurality of serrations
on at least one surface of said lug connector portion adapted to
contact an electrical conductor that may be inserted between the
same and said side wall.

Claim 23. The connector as defined in claim 22 wherein
said adjustable fastener is a screw having an enlarged head that is
adapted to contact an adjacent surface of the base unit and move
said clamp member and said terminal lug member toward and away from
said side wall responsive to selective rotation thereof.

Claim 24. An electrical connector for connecting leads
located on opposite sides of a base unit having a base clamping
surface, said connector comprising:

a generally "S"-shaped connector member having an
connector portion with first and second flexible contact elements
extending in an insertion direction located at one end, a terminal
lug connector portion at an opposite end, and a neck portion
joining said connector portion with said terminal lug connector
portion; and

a clamping méans engaged on said connector portions for
releasably securing said lug connector to the said base clamping
surface of said base unit.

Claim 25. The connector as defined in claim 24 wherein
said clamping means includes a tubular clamp member constructed and
arranged to engage said lug connector portion at one end, and
having an adjustable fastener at an opposite end for engaging the
base unit and selectively moving said lug connector portion toward
and away from said base clamping surface.

Claim 26. The connector as defined in claim 24 wherein
said terminal lug connector portion includes a terminal lug with at
least one aperture for facilitating a soldered connection.

Claim 27. The connector as defined in claim 24 wherein

said terminal lug connector portion includes mechanical resistance
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voltage circuits associated with selected end devices. daim 2. A
thernostat as defined in claim1 wherein said switch nmeans further
conprises: a fan switch for controlling the operating speed of the fan; a

node switch for selecting the operatin de of the thernostat. Cl aim 3.
A thernostat as def| ned in claim V\/nere 8 gpgrature setti ng mpans
conpri ses WER"EIERS Bb”?‘ée’g'éf'n%o?’ht STERER “cttﬁ’ HEL %hs%‘b%?%f Ag-F¥ns

that i s neaial llypgaccessi bl e from out si de of the cover portion by an
operator. Caim 4. c1é1hh9@rmstAat c8fndeddnedeRifhRi MrkagheEsin 63kd &ifst

and Seccnuifggyyigglogr %s o% gﬁé C§§§iw 1éiahgvgasg base unit with a
first surface and a second surface and a first side and a second
side, at least one of the first and ;econd gides having a wire
channel with a plurality of sockets, a plurality of openings and a
plhrallty of clamping formations, said array comprising:

at least one flexible connector portion having first and
second flexible contact elements extending in an insertion
direction of a connector post of an electric component located
adjacent the first side of the base unit, one end of said connector
portion being configured for insertion into one of said sockets;

at least one terminal lug connector portion eleqtrically
connected to said flexible connector portion and extending opposite
said insertion direction for connection to a lead on the second
side of the base unit, each said_ terminal lug connector portion
including a terminal lug configured to pass through at one of said
openings to project from said second surface of said base unit; and

at least one clamping means engaged on said connector
portions for releasably securing said portions to the base unit,
said clamping means including a tubular clamp member configured to
engage said clamping formation for exerting an adjustable clamping

force thereon.
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18 portion, each of said first connection neans being located at a first
end portion and each of said second connection neans being |ocated at a
second end portion opposite said first end portion. Caimb5. A t her nost at

as defined in claim1l wherein said base porki.on is adapted to be attached
to a conventional 4 x 4 inch el e}gtt)srt_i_lgaaé by tévb@g fogart_i tion separating
approximately one half of the i e thereof, each
si de bei ng adapted to AdceflRchHrrnis Hhgresliatageating uhigharad ovpwolpigege
circuits, saidbrafdl ticapabapaty! i 88d Sar«kikidh funtt 8geari IpdsEfilti@ssai d The
low voltage QI GHldstac™idl Bhleicufh i SREEA! £8° IR LI +dh AT HEaMIR0 04

cooling units.
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sai d high voltage circuits have voltage levels within the range of

approxi mately 110 volts AC to approxi mately 277 volts AC. Claim?7. A
thernostat as defined in claim1 wherein said |ow voltage circuits have
vol tage | evel s bel ow approximately 30 VAC. Caim8. - A thernpstat as
defined in claim1 wherein said first tenperature sensing neans is |ocated
in said cover portion, said cover porl{®dn having a plurality of openings

adapted to admt air inside said cover portion.

Claim9. 28 thernostat as

defined in claim1 further including signalggthayareCiiycative of sensed

tenperature froma renotely | ocated tenpdiba

ans. im10. A
QB?StG (igénsi ng

thernostat as defined in claiml)ee I n ur
means conprises a therm stor.48
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Claim1l. A thernostat as defined in*claim4 wherein said first and second
end portions have a center space therebetween adapted to receive |arge
conponents |l ocated in said cover portion. Claim12. A thernostat as defined
in claim2 further including at | east one relay neans for controlling.one
of said end devices, said relay neans produc2pg a selectively sw tched

out put signal of up to approximately 277 VAC. Claim 13. A thernostat as
defined in claim12 further including a printed circuit board nounted to
the inside of said cover portion, said processing neans being nounted to
said printed circuit board. Caim1l14. A thernostat as defined in claim 13
further

Thic ;
his is the replacement sheet
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.19 char.acterized in that said, relay means is nmounted to said printed
circuit board. Claim1il15. A thernostat as defined in claim12 further
including a plurality third connection means for connecting a plurality of
circuit termnation of said printed circuit.board to said first and second
connection neans. Claim16. A thernBgvat as defined in claim15 wherein
each of said third connection neans conprises posts which are electrically
connected to one of said first and second.gconnecti on nmeans when sai d cover
portion is attached to said base portion.g aim17. A thernostat as defined

in claim12 further {(ﬁaracterl zedgg n—t—ha;l!Ls-a-l—el—-f—ewn sw ggh and sand node
swtch are o~ Q7
66 66
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.nounted on said printed circuit board, said fan and node sw tches being
mul.tiple position switches having operating neans whi ch extend through
apertures in said cover portion, so that an operator can change swtch
positions wi thout renoving said cover portion. Claim18. An electrical
connector for connecting | eads Iocatqg/pn opposite surfaces of a base unit
having a first side and a second side ‘and at | east one connector opening
with at least a first interior side wall, said connector conprising:. a
fl exi bl e connector portion having first and second fl exible contact arns
adj acent one another adapted to receive a |l ead post of an electric
conponent fromsaid first side; .a termnal |lug connector portion

el ectrically connected to said flexible connector portion and extendi ng
t hrough one of said connector openings and being adapted to provide a
connecti on
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-point to an electrical conductor fromsaid second side; and, clanping nmeans
engaged on said connector portions for rel easably securing said connector
to the base unit, whereby said |ug connector portion is urged tomard sald

side wall. Caim19. The connector as defined in cIa|n118 mher i 1 od
flexibl e connector portion is integrally formed with sai &t ' -
connector portion. Claim20. The connector as defined |n

sai d cl anpi ng nmeans includes a tubul as/qgl anp nenber haV|n

a second end, a segnent of one. of said connector portions being dlsposed
adj acent said first end, and an adjustable fastener
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.20 being engaged in said second end. Caim21. The connector as defined in
claim 18 wherein said termnal |ug connector portion includes nechanical
resi stance neans for preventing a conductor from di sengagi ng fromsaid | ug.
Claim 22. The connector .as defined in claim21 wherein said nechani cal

resi stance neans includes a plurality of serrations on at |east one surface
of said |lug connector portion adapézg'to contact an electrical conductor
that may be inserted between the s and said side wall. Caim23. The
connector as defined in clain122 wherein said adjustable fastener is a

screw havi ng g enl hat i pted to contact an adjacent
surface of th base n|t ve s&ald anp nenber and said term nal |ug
menber towar dj>gnd y fcrom
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.said side wall responsive to selective rotation thereof. Caim24. An

el ectrical connector for connecting |eads |ocated on opposite sides of a
base unit having a base cl anping surface, said connector conprising: a
general |y "S"-shaped connector nenber 5hayving an connector portion with
first and second flexible contact el enents extending in an insertion
direction | ocated atrene—end—-a—%e+ﬂ+ﬁa+1Iug connector portion at an

opposite end, and a nhecl POFfti¢n j ol nPRg-E OF—RE emwW th said
term nal |ug connectpr gortiop/\and a a sai d
connector portions for rjel ea securfi b the said
base cl anpi ng surfacg off said ' &pr as
defined in claim24 jpherfein & =
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~said clanping neans includes a tubular clanp nenber constructed and
.arranged to engage said l'ug connector portion at one end, and having an

adj ust abl e fastener at an opposite end for engaging the base unit and

sel ectively noving said |ug connector portion toward and away from said

. ianplng surface. C aim 26. The connector as defined in claim 24
ei‘h."sai d ternminal |ug connector ;2 n includes a termnal lug with at
| east : one aperture for facilitating a ered connection. Caim27. The
connect.or as definedin claim24 wherein said ternminal |ug connector
portlcﬁiAhﬁinﬂgt_ﬂﬁnnaagkaﬁ_225|stance means for preventing an

el ectrical conductor from di sengagi ng from
' Electronic Thermostat Having High and Low Voltage Control

Capability

An electronic thermostat having high and low voltage control
capability and varied functional capabilities. The thermostat
is particularly suited for use with fan coil heating and cooling

units.
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.said lug. Aaim28. A connector termnal array for use with electrical

- products of the type which have a base unit with a first surface and a
second surface and a first side and a second side, at |east one of the
first and second sides having a wire channel with.a plurality of sockets, a
plurality of openings and a plurality of clanping formations, said array
conpri sing: at |east one flexible connector portion having first and second
flexi ble contact el enments extending 3#47an insertion direction of a
connector post of an electric conponent |ocated adjacent the first side of
t he base unit, one end of said connector portion being configured for

I nsertion into one of said sockets; at |east one termnal |ug connector
portion electrically connected to said flexible connector portion and

ext endi ng opposite
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said mn di rgE]‘ARC}pRE RCT i Jmpphaumﬂoeﬂﬂ)ﬂsm-gne second. si de of _tHe

base ach said.term nal [ug conpector portion including a term nal
lug ¢ red to pass through at. one[ of said openings to project from said
sec 3&@1@? ABSTRAECTSE unit;, and at least one clanpi ng neans engaged
on Sé connecfar partions for JF‘| paqahLv securing said portions‘to the

basg unit, said clanplng means |nclud|ng a tubul ar clanp menber configured -

to_éngage sai d cl anpi ng forrratlon for exerting an adjustable clanping force .

therjeon. An electronic thermostat (20) having high and low voltage control capability and varied
- ~ functional capabilities. ‘The thermostat (20) is partlcularly suited for use with fan coil heating -
and cooling units. _
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