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FOR HEATING AND/OR COOLING (71)   We,  BORG-WARNER  CORPORA-  producing a
second command signal when  50 TION, a Corporation organised and existing
the temperature representative signal reaches under the laws of the State
of Delaware,  a  predetermined  relationship  with  the United States of
America, of 200 South  second reference signal; first means for 5 Michigan
Avenue, Chicago, Illinois 60604,  switching thermal equipment coupled to
United States of America, do hereby declare  said first comparator for
activation by the  55 the invention, for which we pray that a  first
command signal; and second means for patent may be granted to us, and the
switching thermal equipment coupled to method by which it is to be
performed, to  said second comparator for activation by 10 be particularly
described in and by the  the second command signal. The switching following
statement:-                   means may be arranged each to control one 60
The present invention is directed toward  stage of associated heating or
cooling equip- an improved control system for a heating  ment. and/or
cooling system of the type that may    In this manner one or more stages of
15 be employed for the temperature control  heating or cooling equipment
may be acti- of environments for human occupation such  vated to return the
controlled environment   65 as an apartment, house or office building.   to
a desired temperature and to maintain As is known, stringent requirements
are  it within a close range of that temperature imposed on temperature
control systems for    For convenience herein, we will use the 20
regulating the environment of human beings  term "thermal" equipment to
apply to heat- by  the physiological responses of the  ing and cooling
equipment.               70 humans involved and the practical require-
The invention will be described, by way ments of power sources and
equipment.  of example, with reference to the accom- Humans react
negatively to wide swings in  panying drawings, wherein: 25 temperature
while  the  electric  utilities    Figure 1 is a block diagram of a simple
especially object to control of cooling or  heating and cooling system,
constructed in  75 heating equipment that causes sudden shifts  accordance
with the present invention, of in the load placed upon their power lines.
the type governing the operating of two tem- According to the present
invention there  perature changing units, a heating unit and 30 is provided
a control system for the control  a cooling unit; of thermal equipment as a
function of the    Figure 2 is a circuit diagram  of the  80 temperature of
an environment comprising  system of Figure 1 depicting in more detail
means for sensing the temperature of the  the construction of that system;
environment and for producing a voltage    Figure 3 is a circuit diagram of
a three- 35 signal which varies as a function thereof,  stage heating and
three-stage cooling system, and for producing a first and a second refer-
also constructed in accordance with the 85 ence voltage signal; a first
comparator  present invention, of the type that may actively coupled to
said temperature sensing  govern the operating of several heating and/ and
signal producing means, for comparing  or cooling units; and 40 the
temperature representative signal and    Figure 4 is a circuit diagram of a
vari- first reference signal, and for producing a  ation for a portion of
the circuit of Figure  90 first command signal whenever the temper-  3
illustrating an alternative preferred con- ature representative signal
reaches a pre-  struction. determined relationship with the first refer- 45
ence signal; a second comparator, actively  Description of the First
Embodiment coupled to said temperature sensing and    Referring to Figure
1, the general system reference signal producing means, for com-  is there
designated by the numeral 10 and  95 paring the temperature representative
signal              signal and temperature- and the second reference
signal, and for  representative signal source 20 which is    2
1,310,730                                       2 



preferably a bridge circuit. A pair of corn-  spectively taken from  the
circuit junction parator circuits 30 and 40, which are pre-  points 27 and
29 via  a pair of conductors ferably Schmitt voltage level detectors, are
57 and 59.  By varying the tap on the coupled to receive the outputs from
the  resistor 34, the level of these voltages may 5 bridge signal source
20. The comparators  be varied to adjust the response of the  70 30 and 40
each function to develop a com-  system and the tap could be calibrated in
mand signal when the temperature signal  degrees, e.g. 65[err]-85[err]F.
reaches or exceeds a certain relationship    The comparator 30 is
preferably made with the reference signal.  Each of these  from an
Operational Amplifier 33 with the 10  comparators 30 and 40 have a
predeter-  reference voltage signal line 57 connected, 75 mined delay in
response, or "hysteresis",  through a resistor 38, to its negative primary
before their command signal is developed.   input and the temperature
representative The output of the comparator 30 is coupled  signal line 25
connected, through a resistor to an electronic switch unit 50 which con-
39, to its positive primary input. The out- 15  trols a unit of theral
eqipment of the  put of the Operational Amplifier 33 is con-  80 heating
type while the output of the detector  nected to a command line 52 and is
also 40 is similarly coupled to an electronic  fed back via a capacitor 31
to the Opera- switch 60 which controls a unit of thermal  tional Amplifier
33 bottom  terminal and equipment of the cooling type.            also via
a feedback resistor 35 to the posi- 20    In overall operation, the bridge
20 de-  tive primary  input of the  Operational 85 velops temperature
signals and reference  Amplifier 33. The additional terminals of signals
which govern the operation of the  the Operational Amplifier 33 are
connected comparators or detectors 30 and 40 to there-  together by a
capacitor 311. by operate, when needed, the switches 50    The comparator
40 similarly includes an 25  and 60 to turn on the heating or the cooling
Operational Amplifier 43. However, in this  90 equipment.
case, the negative primary input of the Referring to Pigure 2, the circuit
for the  Operational Amplifier 43  is connected, system 10 will now be
explained in greater  through a resistor 48, to the temperature detail.
signal line 25 while the positive primary 30    The bridge 20 is a
Wheatstone bridge with  input terminal is connected to the reference  95 a
positive voltage placed across it between  signal line 59, through a
resistor 49. This conductors 12 and 14. The potential of line  is precisely
the opposite relationship than 14 will be here taken as a plane of
reference,   that of the Operational Amplifier 33 where common or "ground"
potential. Although  the positive input was coupled to the tem- 35  here
termed "ground" it should be noted  perature signal and the negative input
was 100 that it is not necessarily at earth potential.  coupled to the
reference signal. The  bridge  20  includes a  first re-    The other
connections of the Operational sistor  16  connnected  between  the  line
Amplifier 43 are similar to those of the 12 and  a  circuit junction  point
17.  Operational Amplifier 33. That is, the out- 40  Also conected to
junction 17 is one end of  put of the Operational Amplifier 43 is 105 a
second resistor 18 whose other end is con-  connected to a command signal
output line nected to one side of a parallel connected  62, through a
feedback resistor 45 to its thermister 22 and linearizing resistor 24.
positive input, and through a capacitor 41 The other ends of the resistor
24 and of the  to its fourth terminal. The fifth and sixth 45  thermister
22 are connected to the reference  terminals of the Operational Amplifier
are 110 potential line 14.                        connected together by a
capacitor 41[err]. The circuit junction point 17 serves as    The output
lines 52 and 62 are respec- the temperature representative voltage sig-
tively connected to electronic switch circuits nal source and connected
thereto is an  50 and 60. Each of these circuits include 50  output line
25.                           a pair of series connected resistors 54, 56
115 A  second branch of the bridge circuit  or 64, 66, respectively
connected between 20 includes four additional resistors, a  the line 52 or
62 and ground. The junc- fourth resistor 26 connected between line  tion of
these resistor pairs.54, 56 or 64, 12 and a circuit juncture point 27; a
fifth  66 are connected to the gate of a Thyristor 55  resistor 28
connected between the point 27  58 or 68 of the Triac type, which in turn
120 and another circuit juncture point 29; a has its controlled terminals
connected be- sixth resistor 32 connected between the  tween an output
terminal 59 or 69 and point 29 and one side of a seventh resistor  ground.
Further provided are a series 34. The resistor 34 is a variable resistor
connected resistor 57 or 67 and a capacitor 60  used in adjusting or
selecting the activating  55 or 65, which series connection is con- 125
temperature of the control system  10 and  nected across the Triac 58 or
68. has its other end and its movable tap   . The Operational Amplifiers 33
and 43 connected to the reference line 14.       are preferably a "dual"
Operational Amp- The reference signal voltages for the de-  lifier such as
the MC 1437-L which com- 



65  tectors or comparators 30 and 40 are re-  prises two Operational
Amplifiers in one 130    3                                      1,310,730
3 small ceramic package. Further, each of  B+. This shift in output on line
52 oper- 65 the Operational Amplifiers 33 and 43 here  ates or turns on the
electronic switch 50 described are connected in a comparator  including the
Triac 68 to cause the heating circuit configuration commonly called a
equipment to be operated.  Similarly the 5 Schmitt Trigger circuit.
Schmitt Trigger including the Operational Amplifier 43 changes its output
on line 62  70 Operation of the First Embodiment    from  approximately
ground level to B+ As mentioned above, in overall operation  when the
temperature representative voltage the circuit of the system  10 functions
to  on its negative input falls below the refer- control the temperature of
an environment  ence voltage on its positive input.  This 10 by converting
the sensed temperature into  causes the Triac 68 to "close" and activate 75
an electric voltage signal and by using that the cooling equipment. signal
with selected variable reference sig-    For temperature representative
voltages nals to turn on heating or cooling equip-  between the two
reference voltages a "dead ment, by: the switches 50 or 60, when the  band"
exists wherein neither switch 50 or 15 sensed temperature is below or above
cer-  60 is closed and no equipment is operated. 80 tain selected values.
Each of the circuits 30 and 40 have The thermister 22 of the bridge 20
built-in "hysteresis" or delay in operation changes its resistive value in
relationship  to prevent false actuation in response to a to the
temperature of its environment. A   sudden or transient change in the
temper- 20 change  in  environmental  temperature  ature representative
voltage signal or too  85 changes the resistance of the thermistor 22.
rapid cycling or over shooting of the desired This changed resistance
results in a shift temperature range. in the voltage level at point 17 in
the voltage dividing circuit made up of the   Description of the Second
Embodiment 25 resistors 16, 18, 24 and the thermister 22.   In Figure 3 the
second embodiment of This voltage is coupled to the positive  the present
invention is illustrated.  This 90 input of the Operational Amplifier 33
and  system is generally designated 100 and in- the negative input of the
Operational Amp-  cludes a temperature-representative signal lifier 43.
Two reference voltage signals  source 120 of the bridge circuit type whose
30 are derived from points 27 and 29 by the  output is fed to d.c.
amplifier 110 from voltage divider made up of the resistors 26, which a
temperature-representative output 95 28, 32 and 34. It should be noted that
signal is derived and fed via a conductor the voltage at point 27 is higher
in value  114 to a plurality of comparators 130, each than that at point
29. These voltage values  one of which operates a different one of a 35 are
adjustable together by means of the  plurality of electronic switches 150.
Differ- variable resistance 34 which may be cali-  ent valued reference
signals for the plurality 100 brated in temperature degrees for use as  of
comparators 130 are derived from  a the temperature selecting media. In one
source 115 of the voltage divider type. The preferred embodiment this
resistance was  system 100 also includes a sensed tempera- 40 chosen to
yield a selectable nominal temper-  ture read-out device 105 which is also
con- ature in the range 65[err]-85[err]F.           nected to the bridge
circuit 120 and which 105 It should be noted that both the temper-  may be
arranged as a remote temperature ature and the reference signals are
derived  indicator. from voltage dividers across the same input   The
general system 100 differs from the 45 voltage B+ and can be defined in
terms of  previous system  10 primarily in the pro- the ratio of the
resistances to the voltage  vision of the amplifier 110, in the use of a
110 B+ (if the small current through the signal separate reference voltage
source 115 and lines 25, 271 and 291 are ignored). Thus, in the use of a
large number of comparators the ratios of these voltages to one another
130 and switches 150. The temperature 50 are practically independent of
variation in  read-out unit 105 is an optical circuit that voltage supply.
This allows a simple and  doesn't enter into the functioning of the 115
economic voltage supply to be empoyed to  control system  and which could
also be provide voltage B+. In the depicted cir-  employed in the system
10. cuit, an A.C. source rectified by a single    The bridge 120 comprises
a Wheatstone 55 diode and using a smoothing capacitor has  bridge with a
thermister 121 functioning to proven adequate.
determine its output. The thermistor 121 is 120 The Schmitt Trigger
circuits including the  in series connection with a fixed resistor 122
Operational Amplifier 33, normally has an  between a pair of voltage input
lines 123 



output voltage signal of approximately  and 124.  Also connected between
these 60 ground level but when the temperature re-  lines 123 and 124 is
the series connection sponsive voltage on its positive input termi-  of a
variable resistor 125 and a fixed resistor 125 nal reaches a value above
the reference  126. The outputs from the bridge 120 are value the output on
line 52 shifts to a  derived via conductors 127 and 128 con- constant
voltage level of approximately  nected respectively to the junction of the
4                                       1,310,730
4 thermistor 121 and resistor 122 and to the  are shown and will be here
described as junction of the variable resistor 125 and  comprising six
different comparator circuits. the resistor 126. Also connected to the  It
should be noted, however, that this num- lines 124 and 123 of the bridge
120 are the  ber is representative and more or less indi- 5 ends of a
resistor 129 which also has a  vidual comparator circuits could be em- 70
movable tap. The movable tap of the re-  ployed as desired or dictated by
the heating sistor 129 is connected over a conductor  and/or cooling
equipment being controlled 1291 to the temperature read-out circuit  by the
system 100. 105, whose description and operation will    The comparator
circuits 130 comprise six 10  be taken up later.
individual comparator circuits each employ- 75 The line 123 from the bridge
120 is con-  ing one Operational Amplifier which are nected, through a
resistor 121, to a con-  successively designated 141, 142, 143, 144, ductor
132 while the line 124 is similarly  145 and 146. Each of these is
connected as connected, through a resistor 133, to a  were the Operational
Amplifiers 33 and 43 15 second conductor 134. The conductor 132  of Figure
2, that is, a Schmitt Trigger cir- 80 is maintained at a predetermined
voltage  cuit, with each including a resistor 141A- difference more
positive than the'conductor  146A  in a feedback path between their 134 by
means of a voltage regulating Zener  respective outputs and positive
primary diode 116 which has its anode and cathode  inputs.  For convenience
and clarity, the 20  directly connected respectively to the line
representation of the other connections are  85 134 and the line 132.
not depicted in Figure 3, these being under- The conductor 132 is connected
through  stood to be the same as was previously a resistor 136 to a source
of constant d.c. described. potential which is here taken as "ground"
The Operational Amplifiers 141, 142 and 25  or the primary voltage
reference level. It,  143 serve to control cooling equipment and  90 of
course, need not be at true earth poten-  have their primary negative
inputs connec- tial. Similarly the conductor 134 is con-  ted, through
respective resistors '137, 138 nected through another resistor 135 to an-
and 139, to the temperature representative other source of constant d.c.
potential which  signal line 114. The Operational Ampli- 30 being more
negative than that which have  fiers 144, 145 and 146 are for the control
95 been designated as ground, is here desig-  of heating equipment and
have, therefore, nated B-.                                their positive
inputs connected, through re- The amplifier 110 comprises an Opera-
spective resistors 147, 148 and 149, to the tional Amplifier 111 whose
primary positive  temperature representative signal line 114. 35 and
negative inputs are respectively con-    The other primary inputs to the
Opera- 100 nected through resistors 112 and 113 to the  tional Amplifiers
141, 142, 143, 144, 145 output lines 127 and 128 from the bridge  and 146
are connected respectively through circuit 120. The output of the
Operational  resistors 151, 152, 153, 154, 155 and 156 Amplifier 111 is
connected to the conductor  to different reference voltage signal outputs
40  114. The line 114 is connected to B-  from the voltage signal source
115.         105 through a resistor 84. A feed-back circuit    The
reference voltage signal source 115 between the line 114 and the negative
prim-  comprises a number of series connected re- ary input of the
Operational Amplifier 111  sistors successively designated in Figure 3 is
provided which consists of the parallel  from the line 134 to the line 132
by the 45  circuit connection of a resistor 117 and a  numerals 157, 158,
159, 160, 161 and 162, 110 capacitor 118. The output line 114 is also  the
inputs to the Operational Amplifiers coupled to the fourth terminal of the
Oper-  141 through 146 being taken respectively ational Amplifier 111 by a
capacitor 119  from line 132, the junction of resistors 161 and the fifth
and sixth terminals of the  and 162, the junction of resistors 158 and 50
Operational Amplifier 111 are interconnec-  159, the junction of resistors
157 and 158 115 ted by the series circuit connection of a  and line 134. It
can thus be seen that the resistor 119A and a capacitor 119B.
reference voltage signals supplied to the As so connected, the Operational
Ampli-  successive Operational Amplifiers 141-146 fier serves to time
average the difference  are successively more negative in value. 



55 between its positive and negative inputs to    The outputs of the
Schmitt Triggers 120 derive' a new  temperature representative  formed by
the Operational Amplifiers 141- signal and to amplify that signal. This
stage  146 are connected respectively, through serves to provide a time
delay to any sensed  resistors 163-168, to different electronic change in
temperature and to  prevent  switch circuits of the set of switches 150. 60
erroneous transient responses in the re-    Each of these switch circuits
150 are 125 mainder of the system 100.               identical to one
another and to the switches The amplified temperature representative-  50
or 52 of Figure 2. That is, they all voltage signal is fed from the
amplifier 110  include a  Triac, respectively  171-176, to the comparator
circuits 130 via the con-  whose gate is connected to the input from 65
ductor 114. The comparator circuits 130  the corresponding comparator of
the com- 130    5                                       1,310,730
5 parators 130 and one of whose controlled  tions to operate one or more
cooling or terminal is connected to a common poten-  heating equipment
stages in response to a tial level, while the other is coupled to the
sensed over-temperature or under-tempera- temperature control equipment and
ulti-  ture of a sufficient magnitude over or under 5 mately to a source of
ac. power. Also,  a selected or set temperature               70 each
switch includes a resistor, respectively    More particularly, the
resistance exhibi- designated  177-182, connected  between  ted  by  the
thermister  121  varies in the gate of the Triac 171-176 and ground
accordance with the temperature.  It is and a series-connected resistor,
respectively  placed in the environment whose tempera- 10  183-188, and
capacitor, respectively 191-  ture is sought to control so that its resist-
75 196, circuit connected across the controlled  ance value is
representative of that tempera- terminals of the Triacs 171-176.
ture.  The resistance of the thermistor The remote temperature indicator
105  determines, with the voltage applied on lines includes an Operational
Amplifier 106 124 and 123, the voltage at line 127. Simi- 15 whose positive
primary input is connected,  larly the voltage on line 128 is a function
80 through a resistor. 107, to the temperature  of the voltage between
lines 124 and 123 representative voltage line 127 and whose  and the value
of the resistors 126 and the negative input is connected through a re-
selected value of the variable resistor 125. sistor 108, to the tap on the
resistor 129. For any one setting of the variable resist- 20    The tapped
resistor 129 and the resistor  ance 125 the voltage on line 128 is fixed in
85 122 and thermister 121 function as a  relationship to the voltage across
the lines Wheatstone bridge to develop a temperature  124-123.
representative voltage difference between    The amplifier 110 receives the
voltages the primary inputs of the Operational Amp-  from the lines 127 and
128 and functions 25 lifier 106.                                to amplify
delay and time integrate the vari-  90 Connected between the negative
primary  ation in voltage difference.  This stage input of the Operational
Amplifier 106 and  serves to eliminate erroneous activations of its output
is a series-connected resistor 109 the heating or cooling system equipment
in and a diode 99 circuit so connected as to  response to short transient
"noise" signals 30 allow conventional current flow only from   or the like.
It also introduces additional 95 the negative primary input to the output
of  time delay or "hysteresis" in the system the Operational Amplifier 106.
The Oper-  that may be varied by the designer of the ational Amplifier 106
further has a capaci-  particular circuit to achieve a better overall tor
98 connected from  its output to its  response. The damping effect of this
unit 35 fourth  terminal and  a  series-connected  materially increases the
overall perform- 100 capacitor 97 and resistor 96 circuit con-  ance of the
system 100. nected between its fifth and sixth terminals.    The amplified
voltage signal on line 114 As so connected, the Operational Amplifier  thus
is a signal that is representative of the serves as a d.c. amplifier for
the temperature  sensed temperature. More particularly, the 40
representative voltage on line 127 which  level of the d.c. voltage on line
114 is 105 amplified voltage is developed across the  proportional to the
temperature sensed by series-connected resistor 109 and diode 99.  the
thermister 121. A NPN transistor 95 is further provided    This
temperature-representative  voltage in the circuit 105 with its base
connected  signal is fed to the negative inputs of the 45  to the negative
primary input of the Oper-  comparator circuits including the Opera- 110
ational Amplifier 106 and its emitter con-  tional Amplifiers 141, 142 and
143. Fed nected, through a resistor 94, to the output  to the positive
inputs of these three Schmitt of that Operational Amplifier. Thus, the
Trigger-forming Operational Amplifiers are base-emitter circuit of the
transistor 95 is  progressively larger valued negative refer- 



50 connected across the resistor 109 and diode  ence voltage signals from
the source 115. 115 99 circuit, to further amplify the tempera-  The
temperature representative voltage on ture representative voltage signal
there de-  line 114, at balance for the system 100 is veloped. The
collector of the transistor 95  at a level more negative than any of these
is connected to one side of an ammeter 90  three reference voltages. 55
whose other side is grounded. Thus, if the    Now, let us assume that the
environment 120 meter dial is marked in degrees and cali-  to be thermally
controlled increases in tem- brated to the temperature signal by adjust-
perature.  The increase in  temperature ing the setting of the tap on the
resistor  causes the resistance exhibited by the ther- 129, the temperature
of the environment of  mister 121 to decrease in value. This, in 60 the
thermister 121 can be read directly  turn, causes the voltage level at line
127 125 thereon. The unit 105 may be located at  to decrease, that is,
become more negative. a remote distance from the controlled tem-   This
lower voltage is communicated to the perature environment.
amplifier-averager. 110 where, because the Operation of the Second
Embodiment    voltage on line 128 has not changed with In overall operation
the system 100 func-  temperature, it eventually results in an in- 130    6
6                                        1,310,730 creasing, more positive
from the previous  sudden drop in the power taken from the level, voltage
on the output line 114.    electrical  supply lines and, more import- The
Operational Amplifier 111, as con-  antly, restoring the desired
temperature nected, functions to amplify the change in  gradually with less
chance of "overshoot" 5  voltage by a large factor (e.g. 200 times) and  or
excessive colling. That is, as the tem- 70 to invert its direction.  It
also can be de-  perature falls past a first level below the signed to
produce a time lag in the change  desired level, the cooling equipment con-
of a period that can be selected by the  trolled by the thyristor 171 is
de-energized designer. The value of the capacitor 118 is  leaving only two
units in operation.  As 10  the primary determinate of the lag time.  the
temperature falls further, the cooling  75 A typical response delay would
be of the  equipment associatd with the switch of order of several seconds
and, for example,  thyristor 172 is de-energized leaving one may be 10
seconds in this particular case.  unit in operation. Finally, when the
desired Thus, after a delay of 10 seconds the  temperature range is
reached, the last cool- 15  voltage level on line 114 has risen, be-  ing
unit is deactivated. Thus, the cooling  80 comes less negative and more
positive. This  units are de-energized sequentially so that is sufficient
to raise the voltage input to the   the desired temperature is approached
at a comparator made up by the Operational  reucing rate to prevent
over-shooting the Amplifier 143 to trip or change output acti-  desired
range (and perhaps unnecessarily 20 vating its associated switch circuit
inoluding  activating the heating quipment) or causing  85 the Triac 173.
This closes the circuit for  a psychologically undesirable rapid shifts the
operation of the one stage of cooling  in temperature. equipment controlled
by the Triac 173.    At the desired temperature, or balance, It might be
futher noted at this point   the voltage in line 114 would be approxi- 25
that one advantage of this system is that  mately equal to one half of the
value of 90 the delay in reponse produces by the unit  B-. This would
correspond approximately 110 is not a fixed delay but is proportional   to
the voltage level at the junction of the to the severity of the sensed
temperature  resistors 159 and 160 of e reference source change. That is,
its output rises or lowers  115 30  at a faster pace in response to large
devi-    As stated before, the reference voltages  95 ations than it does
to small deviations.    to the three heating control Schmitt Trig- Should
the shift in temperature have been  gers made lip by the Operational
Amplifiers mild, this activation of Triac 173 alone  144, 145 and  146 are
increasing more would correct it and bring it back into the  negative in
value. These reference voltage 35  desired  range.  When this latter event
signals are coupled to negative input termi- 100 occurs, the temperature
representative volt-  nals of the Operational Amplifiers while the age on
line 144 drops below that of the  voltage on line 114 is connected to
positive reference voltage coupled to the Operational  inputs. Thus, these
units are not triggered Amplifier 143, causing its output, in turn, by the
normal or balanced voltage level of 40  to go bakc to its previous level.
This re-  line 114.                               105 sults in the Triac
173 being turned "off"    In similar manner a fall in sensed tem- and the
deactivating of the first stage of the  perature below  the balanced level
results cooling equipment controlled thereby. How-  in the voltage on line
114 gping still more 



ever, if the initial shift of temperature were  negative. 45  large and
persistent, the voltage level on    As the voltage on line 114 becomes more
110 line 114 would continue to rise causing  negative below the quiescent
point of the successively the triggering of the Schmitt  junction of
resistors 159 and 160, it reaches comparators made up from the Operational
the level of reference input of the Oper- Amplifiers 143, 142 and 141.
These, in  ational Amplifier 144. When this occurs, 50  turn  would
successively  activate  the  the signal to the thyristor 174 is changed 115
switches made up by the thyristors 173, 172  causing it to operate turning
on the con- and 171 to bring more stages of equipment  trolled heating
equipment.  If the sensed into operation.
temperature rise is large and persistent, the It should be noted that the
increase in   other heating switch units including the 55  the temperaure
representative  voltage  thyristors 175 and 176 would be successively 120
causes the controlled cooling units to be  turned on. Their behaviour would
be the activated sequentially and not simultane-  same as that of the
cooling comparators and ously.  Thus, their loads are not placed  switches.
upon the power lines at the same time, but    In short, for any temperature
voltage on 60  are placed thereon over a period of time in  line 114 more
negative than the reference 125 accord with the desires of the electric
utility  value fed through the resistor 153, the com- companies. Similarly,
as the temperature   parators made up by the Operational Amp- rises and the
voltage level on line 114 goes  lifiers 141, 142 and 143 and their switches
more positive, the heating units are de-  including thyristors 171, 172 and
173 are 65  energized sequentially  thus preventing a  turned off, and for
voltage on line 114 less 130    7
1,310,730 negative than the voltage coupled through  Amplifier including
the integrated circuit resistor 154, the comparators made up by  144[err]
forms a Schmitt Trigger circuit. the Operational Amplifier 144, 145 and 146
More particularly, the unit 144[err] has its and their associated  switches
including  primary. input terminals connected through 5 thyristor 174, 175
and 176 are turned off.  respective resistors 147 and 154 to the line  70
Between these two voltages is the quiescent  114 and a source of reference
signal volt- zone or dead band wherein neither heating  age.  The positive
input terminal is also nor cooling equipment units are operated.  connected
via a resistor 201 to the collector Referring to Figure 4, there is
depicted  of a PNP transistor 202 whose emitter is 10 an alternative
construction for the amplifier-  connected to B+ and whose base is con- 75
delay unit 110 and for the comparators 130.  nected to the #6 input of the
unit 144[err] and Only the particular comparator equipment   through a
resistor 203 to B+. The collector to the one including the Operational
Ampli-  of transistor 202 is connected through the fier 144, is illustrated
it being understood  series connected resistors 204 and 205 to a 15  hat
each of the comparator circuits 130  level of . potential B-.  The unit 144
80 could be constructed it the same manner. also has its input #7 connected
through a The amplifier unit 110 differs only in the  resistor 206 to B+
and, its input #8 con- provision of a pair of protection diodes  nected
directly to B+  and its input #3 112[err] and 113[err] between the primary
inputs  connected to B-. 20 of the Operational Amplifier 111 and by the
The junction of the resistor 204 and 205  85 provision of a second pair of
diodes 114[err]  is connected to the base of an NPN tran- and 114[err]
associated with its output circuit. sistor 210 whose emitter-collector
current More particularly, it should be noted that  path is connected to
the control coil of a the diodes 112[err] and 113[err], which are prefer-
relay switch 215 to secure the same func- 25  ably 1N 914 diodes, are
connected directly  tion as the thyristor 174 of the Figure 3  90 across
the primary input terminals of the  embodiment. Operational Amplifier 111
so that the anode    In operation, the modification of Figure of one and
the cathode of the other are  4 is identical with the embodiment of
connected to each of those inputs. As so  Figure 3 in that the unit 110
serves to 30 connected, the diodes protect the inputs  amplify and delay
the sensed temperature  95 from having too large a voltage difference
signal to yield on line 114 a temperature imposed between them.  As such,
they  representative signal.  When  this signal protect the Operational
Amplifier from ex-  reaches a predetermined relationship with cessive
currents and possible breakdown but  the reference voltage level, fed
through the 35  do not otherwise interfere in the operation  resistor 154,
the transistor 202 is turned 100 of the circuit as above described.
"on" or rendered conductive to, in turn, Similarly, the diodes 114[err] and
114[err] limit  turn "on" the transistor 210 and operate the voltage swings
permissible on line 114  the relay switch 215. 



and thus protect the second stage of Opera-    As should now be fully
apparent a con- 40  tional Amplifiers.                       trol system
for a heating and/or cooling 105 As can be seen in Figure 4, the resistance
system  has been disclosed.  It should be 84 of the last embodiment is here
made up  noted that the temperature control system of two series connected
resistors 84[err] and  described has the advantage of being adapt- 84[err]
whose junction is connected to the  able to varying types of multi-stage or
unit 45  anode of the diode 114[err]. The cathode of  temperature control
equipment.  For ex- 110 the diode 114[err] is connected to the negative
ample, by appropriate changes in the inter- input 'of the Operational
Amplifier 111 and  connection of the reference signal voltage also to the
anode of the diode 114[err]. The  and temperature signal voltage to the
three cathode of the diode 114[err], which like 114[err],  cooling
comparators 130 in the Figure 3 50  111[err] and 112[err] is preferably a
1N 914, is  embodiment they could, instead of control- 115 connected to the
junction of a pair of series  ling cooling stages, be used to control three
connected resistors 135[err] and 135[err] which  more heating stages to
provide a six stage replace the resistor 135 of the previous em-  heating
only unit. Indeed by simple changes bodiment. This circuit prevents the
line  in interconnection. the unit of Figure 3 55  114 from being subjected
to an excessive  could be extended to virtually any given 120 voltage
swing. The diodes 114[err], 114[err] as  combination of heating  and/or
cooling well as thediodes 112[err] and 113[err] provide for  equipment
units. Similarly, the system of a small voltage swing.
Figure 1 could be used for control of two- The particular comparator
circuits 130  stage heating or two-stage cooling equip- 60  are here made
up of an integrated circuit  ment by simple change-over of inputs. It, 125
144[err] whose equipment circuit is depicted in  thus, is clear that there
has been described Figure 4 and is preferably a CA 3053. This  a system of
control that is versatile and circuit functions, together with its
associated  adaptable to many heating and/or cooling components, as an
Operational Amplifier  systems. 65 and can be so regarded. The Operational
Another advantage of the above described 130    1,310,730 systems is that
the cycling rate of the heat-  be used. Indeed, a simple power supply ing
or cooling devices may be controlled by  source may comprise a suitable
a.c. voltage providing "hysteresis" in the system. For  line, such as a 25
volt a.c. line, the output example, let us assume that a decrease in  from
which is rectified using a single diode 5  room temperature has occurred
and that the  and a smoothing capacitor.             70 electronic sensor
has depicted this change and tripper the circuit which activates the
WHAT WE CLAIM IS: - heating device.  If no "hysteresis" exists,   1. A
control system for the control of the heating device will raise the
temperature  thermal equipment as a function of the 10  of the room in a
few minutes, and the elec-  temperature of an environment comprising tronic
sensor, detecting this change will turn  means for sensing the temperature
of the  75 off the circuit which had activated a heat-  environment and for
producing a voltage ing device.  The entire cycle time, from   signal which
varies as a function thereof, "on" to "off" may have taken only two  and
for producing a first and a second 15  minutes. Should the system cycle at
this  reference voltage signal; a first comparator rate, it would mean 30
system cycles per  actively coupled to said temperature sensing  80 hour
and although this would hold the  and signal producing means, for comparing
temperature within very close tolerance, it  the temperature representative
signal and would prove very demanding on the con-  first reference signal,
and for producing a 20  tactors, starters, and so forth.  To over-  first
command signal whenever the tempera- come this the present system sets the
"turn  ture representative signal reaches a predeter- 85 on" point and
"turn off" point separated  mined relationship with the first reference by,
for example, 1[err]F. (hysteresis).  This  signal; a  second  comparator,
actively means that the temperature would vary  coupled to said temperature
sensing and 25  [err]F. about the control point, but the num-  reference
signal producing  means, for ber of cycles per hour would be greatly
comparing  the  temperature  representa- 90 reduced.
tive  signal and  the  second  reference It should also be noted that the
provision  signal, and for producing a second com- of the amplifier unit
110 in the second  mand signal when the temperature repre- 30 embodiment
provides a time delay of sev-  sentative signal reaches a predetermined
eral seconds. Therefore, the time lag be-  relationship with the second
reference sig- 95 tween the initation of sequential heating or  nal; first
means for switching thermal equip- cooling stages may be predetermined by
the  ment coupled to said first comparator for 



designer. Besides assuring slow response  activation by the first command
signal; and 35  to erroneous signals, the above described  second means for
switching thermal equip- unit also virtually eliminates noise and  ment
coupled to said second comparator for 100 voltage spikes which could be
introduced  activation by the second command signal. into the cable
connecting the temperature    2. A control system as defined in claim
sensor to the temperature signal producing 1 wherein said temperature
sensing and 40  unit. Furthermore, it should  be noted  reference signal
producing means provide a that in the case of a momentary power
temperature representative voltage signal in 105 failure, it will effect a
removal of the heat-  the form of a d.c. voltage whose amplitude ing or
cooling equipment for the power lines  varies as a function of changes in
the tem- load and a sequential reintroduction of  perature sensed and
produces first and 45  those units that are needed over a short  second
reference voltage signals that are at period of time. This prevents the
place-  first and second substantially constant d.c. 110 ment of the total
load back on the power  voltage levels respectively; said first and lines
immediately after power failure and  second comparator each comprise a
Schmitt thus, prevents excessive loading on the  Trigger circuit which
functions to produce 50 lines.                                     a
substantially constant amplitude voltage In addition, the time delay or lag
in-  output command signal; and said first and 115 creases as the system
approaches balance. said second switch means each include a This means that
if a large under or over  switching device responsive to the presence
temperature is sensed, the system corrects  and absence of the command
signal from 55  swiftly but as it near balance, the system  the respective
said first and second com- reacts more slowly to approach balance at
parators.                               120 a slow rate and to prevent
overshooting and    3. A control system as defined in claim "hunting".
1 or 2 wherein the temperature sensing and One of the advantages of the
above des-  reference signal producing means includes a 60 cribed systems
are their relative independ-  thermister in series circuit connection with
ence from normal variations in the voltage  a resistance in a bridge
circuit connected 125 supply. This means that a precisely regu-  with a
source of direct current potential; lated voltage supply need not be
employed  and said first and said second comparators and a less expensive
voltage source which  are each in the form  of an Operational 65 has some
variation in voltage supplied may  Amplifier.    1,3q10,730
8 systems is that the cycling rate of the heat-  be used. Indeed, a simple
power supply ing or cooling devices may be controlled by  source may
comprise a suitable a.c. voltage providing "hysteresis" in the system. For
line, such as a 25 volt a.c. line, the output example, let us assume that a
decrease in  from which is rectified using a single diode 5 room
temperature has occurred and that the  and a smoothing capacitor.
70 electronic sensor has depicted this change and tripper the circuit which
activates the    WHAT WE CLAIM IS:- heating device. If no "hysteresis"
exists,   1. A control system for the control of the heating device will
raise the temperature  thermal equipment as a function of the 10 of the
room in a few minutes, and the elec-  temperature of an environment
comprising tronic sensor, detecting this change will turn  means for
sensing the temperature of the  75 off the circuit which had activated a
heat-  environment and for producing a voltage ing device.  The entire
cycle time, from   signal which varies as a function thereof, "on" to "off"
may have taken only two  and for producing a first and a second 15
minutes. Should the system cycle at this  reference voltage signal; a first
comparator rate, it would mean 30 system cycles per  actively coupled to
said temperature sensing  80 hour and although this would hold the  and
signal producing means, for comparing temperature within very close
tolerance, it  the temperature representative signal and would prove very
demanding on the con-  first reference signal, and for producing a 20
tactors, starters, and so forth.  To over-  first command signal whenever
the tempera- come this the present system sets the "turn  ture
representative signal reaches a predeter- 85 on" point and "turn off" point
separated  mined relationship with the first reference by, for example,
1[err]F. (hysteresis).  This  signal;  a  second  comparator,  actively
means that the temperature would vary  coupled to said temperature sensing
and 25 [err]F. about the control point, but the num-  reference  signal
producing  means, for ber of cycles per hour would be greatly  comparing
the  temperature  representa- 90 reduced.
tive  signal and  the  second  reference It should also be noted that the
provision  signal, and for producing a second com- 



of the amplifier unit 110 in the second  mand signal when the temperature
repre- 30 embodiment provides a time delay of sev-  sentative signal
reaches a predetermined eral seconds. Therefore, the time lag be-
relationship with the second reference sig- 95 tween the initation of
sequential heating or  nal; first means for switching thermal equip-
cooling stages may be predetermined by the  ment coupled to said first
comparator for designer.  Besides assuring slow response  activation by the
first command signal; and 35 to erroneous signals, the above described
second means for switching thermal equip- unit also virtually eliminates
noise and  ment coupled to said second comparator for 100 voltage spikes
which could be introduced activation by the second command signal. into the
cable connecting the temperature    2. A control system as defined in claim
sensor to the temperature signal producing  1 wherein said temperature
sensing and 40  unit. Furthermore, it should  be noted  reference signal
producing means provide a that in the case of a momentary power
temperature representative voltage signal in 105 failure, it will effect a
removal of the heat-  the form of a d.c. voltage whose amplitude ing or
cooling equipment for the power lines  varies as a function of changes in
the tem- load and a sequential re-introduction of  perature sensed and
produces first and 45 those units that are needed over a short second
reference voltage signals that are at period of time. This prevents the
place-  first and second substantially constant d.c. 110 ment of the total
load back on the power  voltage levels respectively; said first and lines
immediately after power failure and  second comparator each comprise a
Schmitt thus, prevents excessive loading on the  Trigger circuit which
functions to produce 50 lines.                                    a
substantially constant amplitude voltage In addition, the time delay or lag
in-  output command signal; and said first and 115 creases as the system
approaches balance. said second switch means each include a This means that
if a large under or over  switching device responsive to the presence
temperature is sensed, the system corrects  and absence of the command
signal from 55 swiftly but as it near balance, the system the respective
said first and second com- reacts more slowly to approach balance at
parators.                               120 a slow rate and to prevent
overshooting and    3. A control system as defined in claim "hunting".
1 or 2 wherein the temperature sensing and One of the advantages of the
above des-  reference signal producing means includes a 60 cribed systems
are their relative independ-  thermister in series circuit connection with
ence from normal variations in the voltage a resistance in a bridge circuit
connected 125 supply. This means that a precisely regu-  with a source of
direct current potential; lated voltage supply need not be employed  and
said first and said second comparators and a less expensive voltage source
which are each in the form of an Operational 65 has some variation in
voltage supplied may  Amplifier.    9
1,310,730                                      9 4. A control system
according to claim  age representative of the temperature and 1, 2 or 3,
wherein the first and second switch  an integrating d.c. amplifier which
sums, 65 means each include a thyristor.           averages and delays and
amplifies the first 5. A control system as defined in claim  d.c.
temperature voltage to produce the 5  1, 2, 3 or 4, wherein the temperature
sensing  temperature representative voltage signal; and reference signal
producing means is a  and said first, second and third switch bridge
circuit having two parallel branches  means each include a switching device
re- 70 connected across a source of d.c. in which  sponsive to the presence
and absence of the a thermister and resistor are connected in  command
signal from  their  respective 10 series in one branch  from  which  one
Schmitt Trigger comparators. branch the temperature representative signal
9. A control system as defined in claim is derived, and a fixed resistance
is in the  5, wherein said system further includes a  75 other branch from
which fixed resistance,  temperature indicator arrangement to give at two
resistively-separated points, the first an actual indication of the sensed
tempera- 15 and second reference signals are taken and  ture; a third
branch in the bridge circuit said first and said second switch means are
and including a tapped resistor connected respectively for activating
heating and cool-  in parallel to said branch comprising said  80 ing
equipment.                           thermister and resistor whereby an
adjust- 6. A control system as defined in any  able voltage is present at
the top of the 20 preceding claim, wherein  the first and  tapped resistor;
an Operational Amplifier second comparators are each an Operational  having
one of its primary inputs coupled Amplifier; and the temperature
representa-  to the tap of said tapped resistor and the  85 tive voltage
signal is coupled to the positive  other  of  its  primary  inputs  coupled



primary input of one of said first or second  to  the temperature
representative signal 25  comparator Operational Amplifiers and to  from
said thermister branch; a transistor the negative primary input of said
other  having its control circuit connected between one of said first or
second comparator  the output and one of the inputs of said  90 Operational
Amplifiers.                   Operational Amplifier, and  an ammeter 7. A
control system as defined in claim  connected in the controlled circuit of
said 30  1, wherein said temperature sensing and  transistor and calibrated
for direct reading reference signal producing means comprises  of
temperature. a first means for sensing the said environ-    10. A control
system as defined in claim  95 ment temperature and providing a voltage  8
wherein said Operational Amplifier of the signal representative thereof,
and a second  comparators are made up of a solid state 35 means for
producing not only the first and integrated circuit of the CA 3053 type;
second reference voltage signals but also  and said switch means coupled to
said a third reference voltage signal; a third  Operational Amplifierof at
least one of said 100 comparator is actively coupled to said first
comparators is of the relay type. means and to said second means for com-
40 paring the temperature representative signal   11. A  control system  as
defined in claim  1 for the control of thermal equip- and said third
reference voltage signal and  ment of both the heating type and of the for
producing a third command signal whenever the temperature  representative
cooling type, wherein said first means for 105 signal reaches a
predetermined relationship  ing type equipment:  said second means for 45
with the third reference signal; and third means for switching thermal
equipment is  switching thermal equipment switches cool- coupled to said
third comparator for acti-  ing type equipment; said first comparator and
said second comparator each have a 110 vation by the third command signal,
the  positive primary  input and  a negative control system being operative
in response 50 to a change in sensed temperature at a  primary input; and
the positive primary large rate to cause activation of more than  input of
one of said first and second com- one unit of thermal equipment to counter-
parators and the negative primary input of the other of said first and
second compar- 115 act that large rate of temperature change.   ators are
coupled  to said  temperature 8. A control system as defined in claim
sensing and signal producing means for re- 55 7, wherein each of said
first, second and third comparators is an Operational Ampli-  ceiving the
temperature signal, while the fier which includes a Schmitt Trigger circuit
negative primary input of said one and the which functions to produce a
substantially  positive primary input of said other of said 120 constany
amplitude d.c. voltage output com- first and second comparators are coupled
60  mand signal; said temperature sensing and  to receive, respectively,
said first and second temperature representative signal producing
reference voltage signals. first means comprises a thermister in a    12. A
thermal equipment control system bridge circuit for producing a first d.c.
volt-  substantially as hereinbefore described with 125    10
19 reference to and as shown by the accom-                    J. A. KEMP &
CO., panyinh drawings.                                     Chartered Patent
Agents, 13.  Thermal equipment provided with a                  14, South
Square, control system according to any one of the                Gray's
Inn, 5      preceding claims.                                     London,
WC1R 5EU. Printed for Her Majesty's Stationery Office by Burgess & Son
(Abingdon), Ltd.-1973 Published at The Patent office, 25 Southampton
Buildings, London, WC2A 1AY from which copies may be obtained.    


