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Description

FIELD OF THE INVENTION

[0001] The presentinvention relates generally to elec-
trically heated water heaters. Particularly, the invention
relates to improved methods and apparatus for heating
water in such water heaters. More particularly, the in-
vention relates to methods and apparatus for pulsing
electrical power to an electrical resistance heating ele-
ment in @ manner to improve the heating efficiency of
the heating element in a water heater.

[0002] The description herein is in terms of domestic
water heaters in which the water is heated with electrical
resistance heating elements. The description, as well as
the improvements of the present invention, apply gen-
erally to water heaters which employ electrical resist-
ance heating elements.

BACKGROUND OF THE INVENTION

[0003] A hot water heater, as contemplated herein,
typically comprises a permanently enclosed vertically
mounted cylindrical water tank, a cylindrical shell coax-
ial with and radially spaced apart from the water tank to
form an annular space between the outer wall of the wa-
ter tank and the inner wall of the shell, and insulating
material in at least a portion of the annular space for
providing thermal insulation to the water tank. Polymer
foam expanded directly within the annular space is an
effective insulating material. Particularly, polyol and iso-
cryanate reactants with foaming agents are commonly
reacted in place within the annular space to form poly-
urethane foam which readily expands to fill the available
space and rapidly cures into a hard, closed cell foam
insulating material. Means, such as foam dams, are pro-
vided for containing the expanding foam within the an-
nular space.

[0004] The water tank has various appurtenances
such as inlet, outlet and drain fittings. Especially, the wa-
ter tank is provided with water heating and temperature
control means. Typically for electrically heated water
heaters, the water heating means comprises an electri-
cal resistance heating element. The heating element ex-
tends through a fitting in the wall of the water tank such
that the resistance heating element is inside the tank
and means for connecting the resistance heating ele-
ment to an electrical power source is outside the water
tank.

[0005] Temperature control means for an electrically
heated water heater commonly comprise a mechanical
thermostat which operates a switch to allow electrical
power through the electrical resistance heating element
when water in the tank is sensed to be below a selected
set point temperature, and operates the switch to stop
electrical power from passing through the electrical re-
sistance heating element when the water in the tank is
at or above the set point temperature. With such tem-
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perature control means, electrical power through the
electrical resistance heating element is either fully on,
passing full electrical current, or completely off.

[0006] The mechanical thermostats commonly used
for water heaters comprise a bimetallic disc of metal
which is mounted in contact with the outer wall of the
water tank, for sensing temperature of water in the water
tank. The bimetallic disc, when cooler than the set point
temperature, is flat. However, at the set point tempera-
ture, the bimetallic disc snaps into a convex dome shape
which the disc maintains until it cools to a temperature
below the set point. Atatemperature below the set point,
the bimetallic disc snaps back into a flat position. Me-
chanical hysteresis in the bimetallic disc causes the
temperature at which the disc snaps back into flat posi-
tion to be substantially lower, (5 to 10°C), than the set
point temperature at which the bimetallic disc snaps into
a convex dome shape. The bimetallic disc is connected,
by an electrically insulated push rod, to an electrical
switch in a phenolic resin housing which is attached to
the outer wall of the water tank. The electrical switch is
in an electric line connecting the electrical resistance
heating element to a source of electric power.

[0007] A threaded stud is mounted in the housing in
contact with the bimetallic disc for manual adjustment
of tension on the bimetallic disc such that the bimetallic
disc may be adjusted to snap from flat position to convex
dome position at the desired set point temperature.
[0008] When the bimetallic disc senses a cool water
temperature, and the disc is in a flat position, the push
rod closes the electrical switch, allowing electrical power
to flow through the electrical resistance heating ele-
ment, thus heating water in the water tank. As the water
heats, the bimetallic disc snaps into a convex dome
shape at the set point temperature and the push rod
opens the electrical switch, shutting off power to the
electrical resistance heating element. The electrical
switch remains open, and the power cut off, until water
in the tank cools enough for the bimetallic disc to snap
into a flat position, thus closing the electrical switch and
allowing electrical power to flow into the electrical resist-
ance heater. The electrical power is either on at full ca-
pacity of completely off.

[0009] Due to variations in manufacture and hystere-
sis of the bimetallic disc, the temperature at which the
disc will snap from a flat position to a convex dome po-
sition can vary by as much as 14°C (25°F). Tension may
be applied to the bimetallic disc with the threaded stud
for adjusting the set point temperature at which the bi-
metallic disc will snap from a flat position to a convex
domed position. The threaded stud is not calibrated, and
adjustments of tension to achieve action of the bimetallic
disc at a selected set point temperature are made by
trial and error. Often a mechanical temperature control,
employing a bimetallic disc thermocouple, will "over-
shoot" the desired set point temperature, allowing the
electrical resistance heating element to continue heat-
ing water in the water tank above the desired set point
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temperature.

[0010] The mechanical temperature control means,
described above, and the electrical resistance heating
element are in contact with the outer wall of the water
tank and extend into the annular space between the wa-
ter tank outer wall and the shell. These items must be
accessible for servicing. One or more openings in the
wall of the shell provide access to the temperature con-
trol means and the electrical resistance heating ele-
ment. A dam structure is provided around each opening
for protecting the temperature control means and elec-
trical resistance heating element from contact with the
insulating foam and to prevent the foam from escaping
the annular space via the openings in the shell wall.
[0011] Electrically heated water heaters are provided
with safety devices. A high temperature safety shut off
switch is installed in the electric power line which cuts
off power to the electrical resistance heating element
when the temperature in the water tank rises above a
safe level. Also, the water tank is provided with a high
temperature relief valve which is set to open at about
the water boiling point, (100°C), for preventing an in-
crease of pressure in the water tank from boiling water.
[0012] U.S. Patent No. 4,978,833 discloses a hot wa-
ter dispenser that includes a hot water reservoir, a user-
actuated faucet for drawing hot water from an outlet
zone near the top of the reservoir, and a solenoid-actu-
ated valve for admitting unheated water to an inlet zone
at the bottom of the reservoir. An inline flow regulator
establishes an inlet flow rate less than the faucet flow
rate to maximize the volume of hot water available at
the faucet. An electric resistance heating element within
the reservoir is supplied with AC current through a se-
ries-connected bilateral switch device which is periodi-
cally switched on and off in accordance with the temper-
ature of water sensed by a sensor at the faucet to main-
tain a constant dispensing temperature. The switch de-
vice is thermally coupled to the bottom of the reservoir
such that the reservoir acts as a heat sink to dissipate
heat generated during switching. An indicator lamp con-
ditioned by the sensor confirms to the user that the dis-
pensing temperature is within a predetermined range.
Further, circuitry within a module responds to the tem-
perature-dependent resistance of the thermistor to pe-
riodically switch operating power on and off to the re-
sistance heating element. The rate of switching is de-
pendent on the sensed temperature. For example, a
temperature greater than 2.78°C (5°F) below the select-
ed temperature causes the heating element to be con-
tinuously powered (i.e., 100% duty cycle), while a tem-
perature within 2.78°C (5°F) of the selected tempera-
ture causes the heating element to be powered for a
lesser time period, decreasing to approximately 10% at
the selected temperature. When the water temperature
sensed by the thermistor is higher than the desired tem-
perature, the resistance heating element is not pow-
ered.

10

15

20

25

30

35

40

45

50

55

SUMMARY OF THE INVENTION

[0013] According to a first aspect of the invention,
there is provided a method for heating water in a stor-
age-type water heater according to claim 1 and in ac-
cordance with a second aspect of the invention there is
provided a storage type water heater as set out in claim
4 of the appended claims.

[0014] In embodiments of the present invention, elec-
tric power to an electrical resistance heating element of
a water heater is modulated, by providing the electric
power in short pulses or bursts, over the whole water
heating cycle. Modulating the electric power improves
the efficiency of heating water in the water heater. Pro-
viding electric power to the resistance heating element
of a water heater in short pulses or bursts allows an
equal amount of water to be heated to a selected tem-
perature at substantially the same rate as with a me-
chanical temperature controller of the prior art, yet uses
substantially less electric power to heat the water. The
electric hot water heater used to heat and store water
in a typical residential installation is often the largest sin-
gle electric energy-consuming appliance. Thus using
substantially less electric power to heat water provides
significant energy and cost savings.

[0015] A preferable way for modulating electric power
in short bursts to the resistance heating element is by
use of a proportional band temperature controller. A pro-
portional band temperature controller is an electronic
device which senses temperature of water in the tank of
a water heater and controls electric power to the resist-
ance heating element at a rate depending upon the dif-
ferential separation of the water temperature from a se-
lected set point temperature. The proportional band
temperature controller modulates electric power to the
electric resistance heating element by providing electric
power in cycles, each cycle comprising conducting elec-
tric power in a short burst followed by a short period with
no conduction of electric power. When the differential
separation between the temperature of the water in the
water tank and the set point temperature is large, the
period during which electric power is conducted in each
cycle is long compared to the period during which elec-
tric power is not conducted. As the water temperature
approaches the selected set point temperature, the pe-
riod during which electric power is conducted to the re-
sistance heating element in each cycle grows shorter.
The period for each cycle may be adjusted and typically
is less than one second. Also, typically, the period of
each electrical burst during a cycle is reduced from
about 95% to about 50% of the cycle period as the water
temperature approaches the set point temperature.
[0016] When the water temperature reaches the set
point temperature, the proportional band temperature
controller completely stops conducting electric power to
the resistance heating element. Then, when the water
temperature falls below the set point temperature, the
proportional band temperature controller again con-
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ducts electric power to the resistance heating element
in cycles of short bursts.

[0017] Proportional band temperature controllers are
efficient, having very small electrical power losses, and
accurately stop conducting electric power when the wa-
ter temperature reaches the set point temperature. Ad-
ditionally, proportional band temperature controllers are
less expensive to manufacture and install, compared to
the mechanical temperature controllers of the prior art.
Also, add-ons, such as indication lamps, audible alarms,
and temperature displays, can readily be connected to
proportional band temperature controllers for improving
operation and convenience of the water heaters to
which they are connected.

[0018] Other features and advantages of the inven-
tion will become apparent to those skilled in the art upon
review of the following detailed description, claims and
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

Fig. 1 is a sectional view of a water heater, showing
the arrangement of the temperature controller of the
present invention in relation to other components of
the water heater;

Fig. 2 is an electrical schematic of the preferred
temperature controller of the present invention;
Fig. 3 is a plot of energy usage data of a mechanical
temperature controller of the prior art and a propor-
tional band temperature controller of the present in-
vention; and

Fig. 4 is a plot of energy consumption rate data of
the mechanical temperature controller of the prior
artand the proportional band temperature controller
of the present invention.

[0020] Before one embodiment of the invention is ex-
plained in detail, it is to be understood that the invention
is not limited in its application to the details of construc-
tion and the arrangement of components or steps set
forth in the following description or illustrated in the
drawings. The invention is capable of other embodi-
ments and of being practiced or being carried out in var-
ious other ways. Also, it is to be understood that the
phraseology and terminology used herein is for the pur-
pose of description and should not be regarded as lim-
iting.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0021] As described above, the use of a proportional
band temperature controller in a water heater having an
electrical resistance heating element has the unexpect-
ed advantage of heating water in the water heater to a
preselected set point temperature while consuming less
electric power than is consumed when heating the same
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weight of water to the same set point temperature in the
same water heater using a mechanical temperature
controller of the prior art.

[0022] A proportional band temperature controller is
an electronic device which comprises a water tempera-
ture sensing device (thermistor), a temperature set point
device (variable rheostat), a gated thyristor for switching
electric power to the resistance heating element, and a
logic circuit for controlling the thyristor in response to
signals from the water temperature sensing device and
the temperature set point device. The logic circuit re-
ceives a voltage input from the water temperature sens-
ing device and the temperature set point device which
indicates the differential of the water temperature from
the set point temperature. The logic circuit, in response
to the voltage inputs from the water temperature sensing
device and the temperature set point device, signals the
gated thyristor. At large temperature differentials be-
tween the water temperature sensing device and the
temperature set point device, the logic circuit signals the
gated thyristor to conduct electricity during a major por-
tion, about 94%, of each cycle of the AC current, and
signals the gated thyristor to stop conducting electricity
for about 6% of each AC cycle. As the temperature dif-
ferential between the water and the set point narrows,
the water temperature enters a proportional control
band where the logic circuit begins to exert more control
over the gated thyristor to limit electric power to the re-
sistance heating element. As the water temperature en-
ters the proportional control band, the logic circuit es-
tablishes a new control cycle period and signals the thy-
ristor to conduct electric power for 85% of each cycle
and to stop conducting for 15% of each cycle. As the
water temperature gets closer to the set point tempera-
ture the logic circuit signals the thyristor to conduct for
less of each cycle period. When the water temperature
reaches the set point temperature, the logic circuit clos-
es the thyristor and electric power is not supplied to the
resistance heating element until the water temperature
again falls below the set point temperature. To prevent
undue cycling about the set point temperature, the logic
circuit is set to require the water temperature to drop
5°C to 10°C below the set point temperature before the
thyristor is again signaled to conduct electric power and
heat the water back to the set point temperature.
[0023] This improvement in the efficiency of heating
water in the water heater using a proportional band tem-
perature controller is not completely understood. In the-
ory, essentially all the electrical power supplied to a re-
sistance heating element will be converted to heat, and
that heat should be transferred to the water surrounding
the resistance heating element. The same amount of
electric power should heat the same weight of water the
same number of degrees temperature. As shown in the
example below, a water heater having a proportional
band temperature controller requires about 10% less
electrical power to heat a tank of water to a selected set
point temperature than the same water heater having a
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mechanical temperature controller of the prior art. The
improved accuracy of a proportional band temperature
controller for bringing water to a set point temperature
with little overshoot accounts for some of the improved
efficiency over a mechanical temperature controller, but
does not appear to account for all.

[0024] While not wishing to be bound, | suggest that
the improvement in heating efficiency when using a pro-
portional band temperature controller arises from phys-
ical conditions within the water tank affecting the trans-
fer of heat from the resistance heating element to the
water. A proportional band temperature controller con-
ducts electric power to the resistance heating element
in short bursts followed by short periods during which
electric power is not conducted until the water in the wa-
ter tank reaches a selected set point temperature. The
proportional band temperature controller accurately
stops conducting electric power to the resistance heat-
ing element when the water reaches the set point tem-
perature. On the other hand, a mechanical temperature
controller of the prior art conducts electric power to the
resistance heating element continuously at full power as
the water is heating. When the water reaches the set
point temperature mechanical characteristics of the bi-
metallic thermocouple may cause the mechanical tem-
perature controller to overshoot and heat the water to a
temperature above the set point temperature before it
stops conducting electric power to the resistance heat-
ing element.

[0025] Aresistance heating element, as is used in do-
mestic water heaters, heats in a few seconds to a tem-
perature in the range of 427°C to 482°C (800°F to
900°F). Water, in contact with such a hot resistance
heating element, vaporizes, to form a layer of steam
around the resistance heating element and reducing the
transfer of heat from the resistance heating element to
the water. With a mechanical temperature controller, the
resistance heating element is so heated and remains at
a high temperature until the bimetallic thermocouple
cuts off electric power. Excess heat from a resistance
heating element controlled by a mechanical tempera-
ture controller may be radiated to the wall of the water
tank, or may be transported by steam to the top of the
water tank where the excess heat is absorbed in the top-
most layer of water which is located away from the tem-
perature sensing bimetallic thermocouple.

[0026] With a proportional band temperature control-
ler, the resistance heating element is heated during
each burst of electric power and is cooled by contact
with the water during periods between bursts. This cool-
ing of the resistance heating element between each
burst of electric power reduces the temperature to which
the resistance heating element is raised and reduces
the accumulation of steam around the hot resistance
heating element. Consequently, heat transfer from the
resistance heating element to the water is increased.
Supplying electric power to a resistance heating ele-
ment in a water heater in discrete short bursts, each
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burst followed by a period with the electric power shut
off, improves the efficiency of heat transfer from the re-
sistance heating element to the water in the water heat-
er.

[0027] Proportional band temperature controllers are
well known and widely used in many commercial appli-
cations, including to control water temperature in such
appliances as coffee makers. Proportional band tem-
perature controllers have not, to my knowledge, been
used to control the temperature of a large volume of wa-
ter in a water heater.

[0028] Fig. 1 of the drawing shows a sectional view of
a water heater 10 comprising a permanently enclosed
water tank 11, a shell 12 surrounding water tank 11, and
foam insulation 13 filling the annular space between wa-
ter tank 11 and shell 12. Water inlet line or dip tube 14
enters the top of water tank 11 for adding cold water near
the bottom of water tank 11. Water outlet line 15 exits
water tank 11 for withdrawing hot water from near the
top of water tank 11. Resistance heating element 16 ex-
tends through the wall of water tank 11. The proportional
band control circuitry in control box 17 is connected to
resistance heating element 16. Thermistor 18, in contact
with the outer wall of water tank 11 for sensing the tem-
perature of water in water tank 11, is connected to the
logic circuit by electrical wire 19. Electric A.C. power is
supplied to the gated thyristor through line 20. A cus-
tomizable operator interface 30 mounted on the outside
of the water heater communicates with the control box
17 and provides security protected access for control of
the heating element. The operator interface is operable
to provide direct or remote control of the heating ele-
ment.

[0029] Fig. 2 of the drawings is a schematic drawing
of a preferred proportional band temperature control cir-
cuit 100 for heating water in a water heater according to
the method of the presentinvention. In Fig. 2, resistance
heating element 125 is a 4,500 watt heating element for
heating water in a water heater. Temperature set point
device 101 is a variable rheostat for setting the temper-
ature set pointin the range of about 32°C to 82°C (90°F
to 180°F). Thermistor 102 is for sensing temperature of
water in the water heater. In an alternative embodiment,
a plurality of thermistors could be placed through the
tank to measure water temperature at a plurality of lo-
cations. The output of the thermistors could be aver-
aged.

[0030] Gated thyristor 103 is a TRIAC, manufactured
by Motorola, Inc., for controlling electric power to resist-
ance heating element 125. Logic chip 104 is a propor-
tional band temperature controller UAA1016A manufac-
tured by Motorola, Inc. Two hundred forty volt electric
power is supplied to the proportional band temperature
control circuit 100 through lines 105 and 106. Opto-elec-
tric coupler 108, as will be described below, is for con-
trolling the amount the water temperature must de-
crease from the set point temperature before the pro-
portional band temperature control circuit will reactivate.



9 EP 1 005 784 B1 10

[0031] A stabilized supply voltage of about -8 Volts is
delivered to the proportional band temperature control
circuit from line 106 through Zener diode 107 and resis-
tor 109 into line 110. Voltage drops through temperature
set point device 101 and temperature sensor 102 pro-
duce a signal voltage at point 111. The signal voltage is
proportional to the temperature difference between the
set point temperature and the sensed water tempera-
ture. The sensed voltage is transmitted via line 112 to
one leg of a voltage comparator 113 within logic chip
104. A reference voltage, the magnitude of which is de-
termined by voltage drops through resistors 114 and
115, is generated at point 116. A saw tooth voltage, gen-
erated in saw tooth generator 118 in logic chip 104, is
imposed upon the reference voltage at point 119. The
reference voltage, modified by the saw tooth voltage
passes via line 117 to the second leg of voltage compa-
rator 113.

[0032] The saw tooth voltage imposed upon the ref-
erence voltage causes the voltage at the second leg of
voltage comparator 113 to vary, in a saw tooth pattern,
over a cycle of about 0.85 seconds from a minimum to
a maximum voltage. In voltage comparator 113, the sig-
nal voltage at the first leg is compared to the modified
reference voltage at the second leg. The comparison re-
sultis transmitted via line 120 to logic circuit 121. In logic
circuit 121, a signal is generated for passing via line 122,
amplifier 123 and line 124 for controlling thyristor 103.
When the signal voltage at the first leg of comparator
113 is greater than the maximum value of the reference
voltage at the second leg of comparator 113, the signal
to thyristor 103 is to conduct and allow electric power to
flow through resistance heating element 125 for heating
water in the water tank. Logic chip 104 is arranged such
that the signal in line 124 causes thyristor 103 to conduct
electricity for 96% of each AC current cycle and stop
conducting for 4% of each current cycle.

[0033] The signal voltage at the first leg of voltage
comparator 113 will fall to a value less than the maxi-
mum value of the reference voltage at the second leg of
voltage comparator 113 as the water temperature
sensed by temperature sensor 102 approaches the set
point temperature selected on set point temperature de-
vice 101. When the signal voltage is in the range be-
tween the maximum value of the reference voltage and
the average of the reference voltage value, the temper-
ature control circuit 100 is within the proportional band
control range. Thus, when the signal voltage is greater
than the value of the reference voltage at the second
leg of the voltage comparator, logic circuit 121 signals
amplifier 123 to signal thyristor 103 to conduct electric
power to resistance heating element 125. Then, as the
saw tooth voltage causes the reference voltage at the
second leg of voltage comparator to increase to a value
greater than the value of the signal voltage at the first
leg of the voltage comparator, logic circuit 121 signals
amplifier 123 to signal thyristor 103 to stop conducting
electric power to resistance heating element 125. As the
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signal voltage at the first leg of voltage comparator ap-
proaches closer to the average value of the reference
voltage at the second leg of voltage comparator 113,
thyristor 103 is not conducting for greater percentages
of each cycle of the generated saw tooth voltage. When
the water temperature sensed by temperature sensor
102 is equal to the set point temperature of temperature
set point device 101 the signal voltage at the first leg of
voltage comparator 113 will equal the average reference
voltage value at the second leg of voltage comparator
113 and logic circuit 121 signals amplifier 123 to turn off
thyristor 103, shutting off electric power to resistance
heating element 125. Thyristor 103 remains in the non-
conducting state until the water temperature sensed by
temperature sensor 102 falls below the set point tem-
perature by a preset amount, as is described below.
[0034] The signal voltage at the first leg of voltage
comparator 113 and the reference voltage at the second
leg of voltage comparator 113 must have values which
allow logic circuit 121 to produce a signal to amplifier
123 which will properly control thyristor 103 to heat the
water to the desired temperature. Temperature set point
device 101 is a variable rheostat the resistance of which
may be adjusted manually for changing the set point
temperature. Temperature sensor 102 is a thermistor in
which the resistance decreases as the sensed temper-
ature of the water increases. The values of resistors 126
and 127 are selected such that the signal voltage at
point 111 will be proportional to the difference between
the set point temperature and the sensed water temper-
ature. The reference voltage at point 116 is determined
by the value of resistors 114 and 115, and the magnitude
of the saw tooth voltage imposed upon the reference
voltage at point 119 is determined by the values of re-
sistors 128 and 129. The values for these resistors must
be adjusted to accommodate the characteristics of the
particular temperature set point device 101, tempera-
ture sensor 102 and logic chip 104 selected for the pro-
portional band temperature control circuit 100.

[0035] As described above, opto-electric coupler 108
is included in proportional band temperature control cir-
cuit 100 to prevent undue cycling of thyristor 103 when
the sensed water temperature is at about the set point
temperature. When the sensed water temperature
equals the set point temperature, logic circuit 121 sig-
nals amplifier 123 to cut off thyristor 103 and stop con-
duction of electric power to resistance heating element
125. Without opto-coupler 108, when the sensed water
temperature drops a small amount, for example, less
than 1°C, below the set point temperature, logic circuit
121 will signal amplifier 123 to open thyristor 103 and
conduct electric power to resistance heating element
125 until the sensed water temperature is again heated
tothe set pointtemperature. This action results in rapidly
turning thyristor 103 off and on, to control the sensed
water temperature as closely as possible to the set point
temperature.

[0036] Opto-electric coupler 108, connected electri-
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cally across resistance heating element 125 by lines 130
and 131, operates to make the sensed temperature ap-
pear to be about 5°C higher than it actually is when elec-
tric current is flowing through resistance heating ele-
ment 125. So, when the water temperature sensed by
temperature sensor 102 reaches the set point temper-
ature, thyristor 103 is stopped from conducting electric
current through resistance heating element 125 and op-
to-electric coupler 108. With no current flowing through
opto-electric coupler 108, the signal voltage at point 111
is determined by voltage drop through temperature sen-
sor 102 and voltage drop through set point device 101,
resistor 126, and resistor 127. Resistor 127 produces a
voltage drop equivalent to the voltage drop caused by
about a 5°C temperature change in the sensed temper-
ature. Consequently, the sensed temperature appears
to be about 5°C higher than it actually is, and the sensed
temperature must drop an additional 5°C before the sig-
nal voltage at the first leg of voltage comparator 113 will
indicate that the sensed temperature is below the set
point temperature. When voltage comparator 113 sig-
nals logic circuit 121 that the sensed temperature is be-
low the set point temperature, logic circuit 121 signals
amplifier 123 to open thyristor 103 and allow electric cur-
rent to flow through resistance heating element 125.
With electric current flowing through resistance heating
element 125, electric current flows through opto-electric
coupler 108 via lines 130 and 131. With electric current
flowing through opto-electric coupler 108, resistor 127
is bypassed and the 5°C bias to the apparent sensed
water temperature is removed. Logic circuit 121 then
signals amplifier 123 to open thyristor 103 until the
sensed water temperature again reaches the set point
temperature. This action of opto-electric coupler 108 al-
lows the sensed temperature to fall about 5°C below the
set point temperature before thyristor 103 again con-
ducts electric power through resistance heating element
125, and allows the sensed water temperature to be
heated to the set point temperature before electric pow-
er is cut off from resistance heating element 125. This
action prevents cycling of electric current through resist-
ance heating element 125 when the sensed water tem-
perature is at about the set point temperature.

[0037] Inan alternative embodiment, the temperature
control circuit 100 could include a programmable real
time clock wherein peak or off-peak energy demand pe-
riods or vacation operation cycles could be programmed
into the control cycle for the heating element. Addition-
ally, a pressure sensor, temperature sensor, mineral de-
posit sensor and/or sensor for detecting the presence
of water could be added. The control circuit would be
programmed to disconnect power from the water heater
and/or the heating element when predetermined condi-
tions or limits are detected. Further, the control circuit
could include means for automatically adjusting the set
point in response to various conditions such as amount
of water used, or whether it is a peak or off-peak energy
demand period.
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EXAMPLE

[0038] In a firstexample, an electric water heater hav-
ing a 4,500 Watt resistance heating element was oper-
ated for heating water from 16°C to 49°C (60°F to
120°F) using 240 Volt AC current. In a first run, a com-
mercially available bimetallic thermostat, as described
in the introduction to this application, was used to sense
the water temperature and control electric current to the
resistance heating element. In a second run, the propor-
tional band temperature control circuit, as shown in Fig.
2 and described in this application, was used to sense
the water temperature and control flow of electric current
to the resistance heating element. Results of the two
comparative runs are shown in Fig. 3 of the drawings.
[0039] For Run 1, tension on a bimetallic thermostat
was adjusted with a threaded stud such that the bime-
tallic thermostat would snap from a flat configuration to
a domed configuration at a set point temperature of
49°C (120°F). The bimetallic thermostat was placed in
contact with the outer wall of the water heater water tank
at a position about three inches above the electric re-
sistance heating element. The bimetallic thermostat
was connected, via an insulating rod, to an electric
switchin aline supplying electric power to the resistance
heating element. The water tank was filled with 16°C
(60°F) water and the electric power connected to the
line supplying the resistance heating element. The bi-
metallic thermostat remained in a flat position and the
electric switch was closed. Electric current passed
through the resistance heating element at a rate of 19.7
amperes for about 27 minutes until the water was heat-
ed to about 50°C (122°F). The bimetallic thermostat
then snapped into a domed shape, activating the switch
to cut off electric current to the resistance heating ele-
ment. A graph of water temperature versus time for this
first run is shown in Fig. 3.

[0040] For Run 2, a proportional band temperature
control circuit, as shown in Fig. 2 and described above
in this application, was used. The temperature set point
device 101 was calibrated for a set point of 49°C
(120°F), and the thermistor temperature sensing device
102 was attached to the water tank about three inches
above the resistance heating element 125. Thyristor
103 was connected to resistance heating element 125.
The water tank of the water heater was drained and re-
filled with 16°C (60°F) water and the proportional band
temperature control circuit 100 was connected to the
electric power main. The proportional band temperature
control circuit 100 initially supplied 18.8 amperes of
electricity to the resistance heating element 125, i.e.
about 95% of the amperes supplied by the mechanical
thermostat of Run 1. After about four minutes (at 20°C
(68°F)), the proportional band temperature control cir-
cuit 100 reduced the electricity supplied to resistance
heating element 125 to 18.6 amperes, i.e. about 91% of
the amperes supplied by the mechanical thermostat of
Run 1. After about 21 minutes (at 40°C (104°F)), the
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sensed water temperature entered the proportional
band temperature range and the proportional band tem-
perature control circuit 100 began to slowly reduce elec-
tric current to resistance heating element 125, until after
27 minutes the sensed water temperature reached the
set point temperature and the proportional band temper-
ature circuit 100 shut off electric current to the resistance
heating element 125.

[0041] Inspection of Fig. 3 shows that the same
amount of water was heated to substantially the same
temperature in the same amount of time in Run 1 and
Run 2. However, in Run 1, 19.7 amperes of electricity
were required and in Run 2, only about 18.6 amperes
of electricity were required over the heating period. That
is, heating water in a water heater equipped with the pro-
portional band temperature control circuit of the present
invention, which supplies electricity to the resistance
heating element 125 in short bursts followed by short
periods with electricity shut off, requires about 9% less
electric power than heating the same amount of water
to the same temperature in the same water heater, but
using a mechanical temperature controller. This is an
unexpected result.

[0042] The pulsing of current to the load by the pro-
portional band temperature control circuit permits the
water temperature to minutely rise and fall rapidly in re-
sponse to the applied current. A brief interruption of cur-
rent applied to the heater element each cycle allows for
a more efficient transfer of radiation energy to the water
from the heater element.

[0043] As asecond example, a test was performed to
determine the actual amount of energy a consumer
would use during a typical hot water heater operating
cycle.

[0044] Referring to Fig. 4, the actual kilowatt hours
(kWh) is plotted versus time for a mechanical thermostat
and an electronic thermostat including proportional
band control logic.

[0045] Fig. 4 illustrates that during a typical heating
cycle, approximately 3% less energy is being used as a
direct result of using the proportional band control logic.
It is possible that this percentage could be increased to
approximately 5-5.5% by changing the conduction an-
gle of the triac's firing quadrants, without adversely af-
fecting the performance of the water heater.

[0046] Additionally, by limiting the current to the heat-
er element using proportional band control logic and by
supplying the current to the heater in pulses, gradually
coasting to the temperature set point without overshoot-
ing the desired temperature offers an additional 15% en-
ergy reduction.

[0047] The combination of current modulation and
preventing the overshooting of the temperature set
points offers the consumer a combined energy savings
of nearly 20% over the cost of operation of a similar heat-
er using a bimetal mechanical thermostat.

[0048] Overheating water past a reasonable temper-
ature of 52°C - 54°C (125°F - 130°F) generally wastes
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energy. A typical two inch thick layer of insulation loses
its capacity to effectively retain heat at temperatures
above 54°C (130°F) or so. This energy loss in standby
mode is wasteful and potentially causes the heater to
cycle more often than necessary.

[0049] The proportional band control circuit of the
present invention prevents overshooting and allows the
water temperature to drop only 2°C (5°F) or so to cycle
only the needed difference to return the water temper-
ature to a desired setpoint.

[0050] An additional advantage to the proportional
band control circuit s its suitability for a flammable vapor
environment. For example, such an environment may
exist in a garage, workshop, or basement storage area
wherein solvents, gasoline, propane or other highly
flammable or explosive vapors are present. Mechanical
thermostats and contact type switching devices can arc
when an electrical contactis made or broken, depending
on the amount of current being switched. The electrical
arc can ignite a flammable vapor if the vapor is suffi-
ciently volatile. In contrast, the proportional band control
circuit is totally solid state, has no moving parts, and
would not ignite flammable vapors.

[0051] While a particular embodiment of the invention
has been shown and described herein, changes and
modifications may be made without departing from the
scope of the invention. For example, logic chips other
than the Motorola UAA1016A logic chip may be used to
control the on-off cycle of thyristor 103. Also, a temper-
ature sensing device other than the thermistor used as
temperature sensing device 102 may be employed. Al-
so, a thyristor other than a Motorola TRIAC may be used
as thyristor 103. Therefore, no limitation of the invention
is intended other than limitations contained in the ap-
pended claims.

Claims

1. A method for heating water in a storage-type water
heater (10) having an electric resistance heating el-
ement (16) extending into a water tank (11) for heat-
ing the water, said method comprising:

storing water in the water tank (11) so that the
water can be heated to a selected temperature
during periods of non-use; and

characterized in that electric power is con-
ducted to the electric resistance heating element
(16) only in bursts when heating the water, each
burst of electric power followed by a period during
which electric power is not conducted through the
electric resistance heating element (16).

2. The method of Claim 1, wherein electricity supplied
to the electrical resistance heating element (16) is
alternating current;
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wherein the period of each burst of electric
power is a fraction of each cycle of alternating cur-
rent;

and wherein the period following each burst
of electric power, during which electric power is not
conducted through the electrical resistance heating
element, comprises the remaining fraction of each
cycle of alternating current.

The method of Claim 2, wherein the period of each
burst of electric power is about 95% or less of each
cycle of alternating current.

A storage-type water heater (10) comprising:

a permanently enclosed water tank (11) for
storing water while the water is being heated to
a set point temperature;

a water inlet line (14) for adding cold water to
the water tank;

a water outlet line (15) for withdrawing heated
water from the water tank;

an electric resistance heating element (16) ex-
tending into the water tank (11) for heating wa-
ter in the water tank (11); and

a temperature controller (100) for conducting
electric power to the electric resistance heating
element (16) for heating the water in the water
tank, the heater being characterized in that
the temperature controller (100) conducts elec-
tric power to the electric resistance heating el-
ement (16) only in bursts when heating the wa-
ter, each burst followed by a period during
which electric power is not conducted to the
electric resistance heating element (16), for im-
proving efficiency of heating the water in the
water tank.

5. The water heater (10) of Claim 4, wherein the tem-

perature controller (100) comprises:

a logic means (104) for limiting a cycle, com-
prising one burst of electric power and the pe-
riod following during which no electric power is
conducted, to about one second or less, and for
limiting each burst of electric power to no more
than about 95% of each cycle.

6. The water heater of Claim 4, wherein the tempera-

ture controller comprises:

a set point temperature device (18, 101) for es-
tablishing the set point temperature to which
the temperature controller will heat the water in
the water tank;

a temperature sensor device (102) which sens-
es the temperature of the water in the water
tank; and
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7.

10.

1.

12.

13.

14.

temperature differential means for determining
the temperature differential between the
sensed water temperature and the set point
temperature.

The water heater of Claim 4 wherein the tempera-
ture controller (100) comprises:

a proportional band device (104) which cycles
the temperature controller (100) from a condi-
tion where the temperature controller (100) can
conduct electric power to the electric resistance
heating element (16) to a condition where the
temperature controller (100) cannot conduct
electric power to the electric resistance heating
element (16).

The water heater of Claim 7, wherein each cycle
has a period of about one second or less.

The water heater of Claim 7, wherein the proportion
of each cycle period during which the temperature
controller (100) conducts electric power decreases
as the sensed temperature approaches closer to
the set point temperature.

The water heater of Claim 6, wherein the tempera-
ture controller (100) comprises:

an anticycling means (104, 103) which, after
the sensed temperature reaches the set point
temperature, sets the temperature controllerin-
to a non-conducting condition until the sensed
temperature falls to a selected differential from
the set point temperature.

The water heater of Claim 4, wherein electricity sup-
plied to the electrical resistance heating element is
alternating current.

The water heater of Claim 11 wherein the period of
each burst of electric power is a fraction of each cy-
cle of alternating current; and

wherein the period following each burst of
electric power, during which electric power is not
conducted through the electrical resistance heating
element, comprises the remaining fraction of each
cycle of alternating current.

The water heater as recited in Claim 10, wherein
the anticycling means includes an opto-electric cou-
pler (103).

The water heater as recited in Claim 13, wherein
the opto-electric coupler (103) conducts current
when power is conducted to the electric resistance
heating element (16).
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15. The water heater as recited in Claim 10, wherein

the anticycling means (104, 103) operates to make
the sensed temperature appear to the temperature
controller (100) to be greater than it is by the pre-
determined amount.

Patentanspriiche

1.

Verfahren zum Erhitzen von Wasser in einem Was-
serheizer (10) vom Speichertyp, der ein elektri-
sches Widerstandsheizelement (16) aufweist, das
sich in einen Wassertank (11) zum Erhitzen des
Wassers hinein erstreckt, wobei das Verfahren ein
Speichern von Wasser im Wassertank (11) beinhal-
tet, so dass das Wasser wahrend der Zeitabschnitte
der Nichtverwendung auf eine ausgewahlte Tempe-
ratur erhitzt werden kann und dadurch gekenn-
zeichnet ist, dass beim Erhitzen des Wassers dem
elektrischen Widerstandsheizelement (16) elektri-
sche Energie lediglich in Stélken zugefiihrt wird, wo-
bei jedem StoR} elektrischer Energie ein Zeitab-
schnitt folgt, wahrend dessen dem elektrischen Wi-
derstandsheizelement (16) keine elektrische Ener-
gie zugefuhrt wird.

Verfahren nach Anspruch 1, bei dem dem elektri-
schen Widerstandsheizelement (16) zugefihrte
Elektrizitdt Wechselstrom ist, wobei die Zeitdauer
jedes StoRes elektrischer Energie ein Teil jedes Zy-
klus des Wechselstroms ist, und bei dem der jedem
Stol3 elektrischer Energie folgende Zeitabschnitt,
wahrend dessen dem elektrischen Widerstandshei-
zelement keine elektrische Energie zugefuhrt wird,
dem restlichen Teil jedes Zyklus des Wechsel-
stroms entspricht.

Verfahren nach Anspruch 2, bei dem die Zeitdauer
jedes Stol3es elektrischer Energie ungefahr 95% je-
des Zyklus des Wechselstroms oder weniger be-
tragt.

Wasserheizer (10) vom Speichertyp, der aufweist:

einen standig, allseitig geschlossenen Wasser-
tank (11) zum speichern von Wasser, wahrend
das Wasser auf eine Solltemperatur erhitzt
wird;

eine Wasserzufuhrleitung (14) zum Hinzufiigen
von kaltem Wasser in den Wassertank;

eine Wasserabfuhrleitung (15) zum Abflihren
von erhitztem Wasser aus dem Wassertank;
ein elektrisches Widerstandsheizelement (16),
das sich zum Erhitzen des Wassers im Wasser-
tank (11) in den Wassertank (11) hinein er-
streckt und

einen Temperaturregler (100) zum Zuflhren
elektrischer Energie zu dem elektrischen Wi-
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derstandsheizelement (16) zum Zweck des Er-
hitzens des Wassers im Wassertank (11), und
der dadurch gekennzeichnet ist, dass der
Temperaturregler (100) wahrend des Erhitzens
dem elektrischen widerstandsheizelement (16)
elektrische Energie nur in StéRen zuflhrt, wo-
bei zur Erhéhung des Wirkungsgrades des Er-
hitzens des Wassers im Wassertank jedem
Sto3 elektrischer Energie ein Zeitabschnitt
folgt, wahrend dessen dem elektrischen Wider-
standsheizelement (16) keine elektrische Ener-
gie zugeflhrt wird.

Wasserheizer (10) nach Anspruch 4, bei dem der
Temperaturregler (100) ein logisches Mittel (104)
aufweist, der einen Zyklus, der einen Stol} elektri-
scher Energie und den folgenden Zeitabschnitt um-
fasst, wahrend dessen keine elektrische Energie
zugefihrt wird, auf eine Sekunde oder weniger be-
grenzt und jeden StoR elektrischer Energie auf nicht
mehr als ungeféhr 95% jedes Zyklus begrenzt.

Wasserheizer nach Anspruch 4, bei dem der Tem-
peraturregler (100) aufweist:

eine Solltemperatur-Einrichtung (18, 101) zum
Einstellen der solltemperatur, auf die der Tem-
peraturregler das Wasser im Wassertank erhit-
zen wird;

eine Temperatur-Sensoreinrichtung (102), die
die Temperatur des Wassers im Wassertank er-
fasst;

und Temperaturdifferenzbildungsmittel zur Be-
stimmung der Temperaturdifferenz zwischen
der erfassten Wassertemperatur und der Soll-
temperatur.

7. Wasserheizer nach Anspruch 4, bei dem der Tem-

peraturregler (100) aufweist:

eine Proportionalbandregeleinrichtung (104),
die den Temperaturregler (100) von einem Zu-
stand umschaltet, in dem der Temperaturregler
(100) dem elektrischen Widerstandsheizele-
ment (16) elektrische Energie zufilhren kann,
in einen Zustand, in dem der Temperaturregler
(100) dem elektrischen Widerstandsheizele-
ment (16) keine elektrische Energie zufiihren
kann.

wasserheizer nach Anspruch 7, bei dem jeder Zy-
klus eine Periode von ungeféhr einer Sekunde oder
weniger aufweist.

Wasserheizer nach Anspruch 7, bei dem der Anteil
in jeder Zyklusperiode, in der der Temperaturregler
(100) elektrische Energie zufiihrt, abnimmt, wenn
die erfasste Temperatur sich der Solltemperatur na-
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hert.

Wasserheizer nach Anspruch 6, bei dem der Tem-
peraturregler (100) ein gegensteuerndes Mittel
(104, 103) aufweist, das, nachdem die erfasste
Temperatur die Solltemperatur erreicht, den Tem-
peraturregler in einen keine Energie zuflihrenden
Zustand versetzt, bis die erfasste Temperatur auf
einen gewahlten Differenzwert gegentber der Soll-
temperatur fallt.

Wasserheizer nach Anspruch 4, bei dem dem elek-
trischen Widerstandsheizelement zugefiihrte Elek-
trizitat wechselstrom ist.

Wasserheizer nach Anspruch 11, bei dem die Zeit-
dauer jedes StoRes elektrischer Energie ein Teil je-
des Zyklus eines Wechselstroms ist und bei dem
der jedem Stol} elektrischer Energie folgende Zeit-
abschnitt, wahrend dessen durch den elektrischen
widerstandsheizelement (16) keine elektrische En-
ergie flieRt, dem restlichen Teil jedes Zyklus eines
Wechselstroms entspricht.

wasserheizer nach Anspruch 10, bei dem das ge-
gensteuernde Mittel einen optoelektrischen Schal-
ter (103) aufweist.

Wasserheizer nach Anspruch 13, bei dem der op-
toelektrische Schalter (103) Strom leitet, wenn dem
elektrischen Widerstandsheizelement (16) Energie
zugefihrt wird.

Wasserheizer nach Anspruch 10, bei dem das ge-
gensteuernde Mittel (104, 103) bewirkt, dass die er-
fasste Temperatur dem Temperaturregler (100) um
einen vorbestimmten Betrag hdher erscheint, als
sie ist.

Revendications

Procédé de chauffage de I'eau dans un chauffe-eau
(10) du type a accumulation, ayant un élément de
chauffage par résistance électrique (16) s'étendant
dans une cuve a eau (11) pour chauffer I'eau, ledit
procédé comprenant :

le stockage d'eau dans la cuve a eau (11) de
telle sorte que I'eau puisse étre chauffée a une
température sélectionnée au cours de périodes
d'absence d'usage ;

caractérisé en ce que |'énergie électrique
est fournie a I'élément de chauffage par résistance
électrique (16) uniquement en salves lors du chauf-
fage de l'eau, chaque salve d'énergie électrique
étant suivie d'une période au cours de laquelle
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aucune énergie électrique n'est conduite au travers
de I'élément de chauffage par résistance électrique
(16).

Procédé selon larevendication 1, dans lequel I'élec-
tricité fournie a I'élément de chauffage par résistan-
ce électrique (16) est du courant alternatif ;

la période de chaque salve d'énergie électri-
que est une fraction de chaque cycle du courant
alternatif ;

la période suivant chaque salve d'énergie
électrique, au cours de laquelle aucune énergie
électrique n'est conduite au travers de I'élément de
chauffage par résistance électrique, représente la
fraction restante de chaque cycle du courant alter-
natif.

Procédé selon la revendication 2, dans lequel la pé-
riode de chaque salve d'énergie électrique repré-
sente environ 95 % ou moins de chaque cycle du
courant alternatif.

Chauffe-eau du
comprenant :

type a accumulation (10)

une cuve a eau (11) fermée en permanence
pour stocker de I'eau tandis que l'eau est en
cours de chauffage jusqu'a une température de
consigne ;

une conduite d'entrée d'eau (14) pour ajouter
de I'eau froide a la cuve a eau ;

une conduite de sortie d'eau (15) pour soutirer
de I'eau chauffée depuis la cuve a eau ;

un élément de chauffage par résistance élec-
trique (16) s'étendant dans la cuve a eau (11)
pour chauffer I'eau contenue dans la cuve a eau
(11) ; et

un régulateur de température (100) pour con-
duire de I'énergie électrique a I'élément de
chauffage par résistance électrique (16) pour
chauffer I'eau contenue dans la cuve a eau,
I'élément de chauffage étant caractérisé en ce
que le régulateur de température (100) ne con-
duit I'énergie électrique a I'élément de chauffa-
ge par résistance électrique (16) que par salves
lors du chauffage de I'eau, chaque salve étant
suivie d'une période au cours de laquelle aucu-
ne énergie électrique n'est conduite a I'élément
de chauffage par résistance électrique (16),
pour améliorer I'efficacité du chauffage de I'eau
dans la cuve a eau.

5. Chauffe-eau (10) selon la revendication 4, dans le-

quel le régulateur de température (100) comprend :

un moyen logique (104) pour limiter un cycle,
comprenant une salve d'énergie électrique et
la période au cours de laquelle aucune énergie
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électrique n'est conduite, a environ une secon-
de ou moins, et pour limiter chaque salve
d'énergie électrique de fagon qu'elle ne repré-
sente pas plus d'environ 95 % de chaque cycle.

Chauffe-eau selon la revendication 4, dans lequel
le régulateur de température comprend :

un dispositif de consigne de température
(18,101) pour établir la température de consi-
gne a laquelle le régulateur de température
chauffera I'eau dans la cuve a eau ;

un dispositif capteur de température (102) qui
capte la température de I'eau dans la cuve a
eau ; et

un moyen de comparaison de température
pour déterminer la différence de température
entre la température captée de I'eau et la tem-
pérature de consigne.

Chauffe-eau selon la revendication 4, dans lequel
le régulateur de température (100) comprend :

un dispositif a domaine de proportionnalité
(104) qui fait passer le régulateur de tempéra-
ture (100) d'un état dans lequel le régulateur de
température (100) peut conduire I'énergie élec-
trique vers I'élément de chauffage par résistan-
ce électrique (16) a un état dans lequel le ré-
gulateur de température (100) ne peut pas con-
duire I'énergie électrique vers I'élément de
chauffage par résistance électrique (16).

Chauffe-eau selon la revendication 7, dans lequel
chaque cycle a une période d'environ une seconde
Ou moins.

Chauffe-eau selon la revendication 7, dans lequel
la proportion de chaque période du cycle au cours
de laquelle le régulateur de température (100) con-
duit I'énergie électrique décroit, tandis que la tem-
pérature captée s'approche plus prés de la tempé-
rature de consigne.

Chauffe-eau selon la revendication 6, dans lequel
le régulateur de température (100) comprend :

un moyen antagoniste (104,103) qui, aprés que
la température captée atteint la température de
consigne, place le régulateur de température a
I'état non-conducteur jusqu'a ce que la tempé-
rature captée tombe a une valeur qui représen-
te un différentiel sélectionné d'avec la tempé-
rature de consigne.

Chauffe-eau selon la revendication 4, dans lequel
I'électricité fourni a I'élément de chauffage par ré-
sistance électrique (16) est du courant alternatif.
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Chauffe-eau selon la revendication 11, dans lequel
la période de chaque salve d'énergie électrique est
une fraction de chaque cycle du courant alternatif ;
et

la période suivant chaque salve d'énergie
électrique, au cours de laquelle aucune énergie
électrique n'est conduite au travers de I'élément de
chauffage par résistance électrique, représente la
fraction restante de chaque cycle du courant alter-
natif.

Chauffe-eau selon la revendication 10, dans lequel
le moyen antagoniste inclut un coupleur opto-élec-
trique (103).

Chauffe-eau selon la revendication 13, dans lequel
le coupleur opto-électrique (103) est conducteur du
courant lorsque I'énergie est conduite vers I'élé-
ment de chauffage par résistance électrique (16).

Chauffe-eau selon la revendication 10, dans lequel
le moyen antagoniste (104,103) fonctionne pour
que la température captée apparaisse au régula-
teur de température (100) comme étant supérieure
a ce qu'elle est, d'une quantité prédéterminée.
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