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- My invention relates to water heating systems
and particularly to all-day electric water heat-
ing systems,

An object of my invention is to provide a wa-
ter heating system applicable particularly to do-
mestic installations in which time-controlled
means are used during periods of high station
loads to effect' deenergization of the electric
heater under certain conditions as to the amouns
of hot water in the tank.

Other objects of my invention will either be

apparent from a description of several modifi- -

cations embodying my invention or will be
pointed out in the course of such description and
set forth in the appended claims.

In the single sheet of drawings, .

PFigure 1 is a view of a water heating system
embodying my invention as applied to a domes-
tic hot water tank, and,

Fig. 2 is a view of a modified form of system
embodying my invention.

I have found in actual installations of this
kind where the electric heating element applied
to a hot water tank is permitted tc remain con-
nected to the supply circuit conductors all the
time, that it may happen that the centrel sta-
tion would prefer to have the water heaters dis-
connected from the supply circuit during cer-
tain hours of the day when the other load on the
circuit may be relatively heavy.

I have elected to show two modifications of
systems embodying my invention as applied to
a usual domestic hot water tank ti. The tank
is provided also with a cold water inlet pipe {1
and a hot water outlet pipe (9, all in a manner
now well known in the art. I provide an elec-
tric heater 21 which, if only a single electric
heater is to be mounted in or on the tank 14, I
prefer 1o mount on or have the heater extend

to the tank adjacent the lower end thereof. It
is to be understood thet the fank may be heat
insulated, as is usually done in such installations.

I provide a thermally actuable switch 23 which
is connecfed in series circuit relatively to the
heater 21 and for illustrative purposes I have
illustrated such thermal switch schematically
only as including a bimetal bar 2% having one
znd thercof in heat-receiving relation to either
the outside -of the tank or to the water in the
tank., The free end of the bimetal bar 25 is
adapted to engage with and he disengaged from
a fixed contact member 21. I provide further an
auxiliary thermal heater control switch 29
which may be of the same general design as the
ljower main thermsl switch and may include g
bimetal bar 3f in heat-transmitting relation rel-
atively to the tank af a desired upper point
therein or thereon. Ths switch 28 includes a
fixed contact member 33. While I have illustrat-
ed a bimets! type 5 thermal switch, I 40 not
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desire to be limited thereto but may use any
other type of thermal switch now known in the
art.

A continuously operative timing means desig-
nated generally by numeral 35 may include an
electric motor 31 the terminals of which are con-
nected through conductors 39 and 41 with sup-
ply circuit conductors 43 and 45, I provide a
worm gear 47 on the shaft of the motor 31 which
worm gear is adapted to mesh with a worm wheel
43 to be driven thereby.

The worm wheel 48 is mounted on a shaft 51
and while I have not shown any bearings or other
supporting means for the shaft, it is to.be un-
derstood that such details will be supplied.

I provide a cam disk 53 on the shaft 51 fixed-
ly supported thereby and adapted to rotate
through one complete revolution in a twenty-
four hour day. While I have shown a relatively
simple means for driving the shaft 5 and the
cam disk §3 thereon, I do not desire to be limited
thereto since any other form of gear train or
other drive may be utilized by me so long as I
obtain one full revolution of the cam disk 53 in
& twenty-four hour day.

I provide a pair of switch or contact arms 5%
and 57 the design and construction of which is
such that under certain conditions arm §5 will
be in engagement with arm 57, that is, the arm
§5 is normally yieldingly biased into engagement
with contact arm §7 but may be moved out of
engagement therewith, as will be hereinafter de-
scribed.

The cam disk §3 has portions of its periphery
of greater outer radius than the other portions
intermediate the raised portions and I have
shown three such portions 59, 61 and 63 each
of the same outer radius but possibly of different
peripheral extents. These portions are so posi-
tioned relative to the disk 53 that they will re-
spectively engage & projection €5 at the outer
end of contact arm 65 at those times during a
twenty-four hour day when the load on the cen-
tral station supplying current to the supply cir-
cuit conductors 43 and 45 will usually be rela-
tively large or during what may be called peak
load periods.

Supply circuit conductor 43 is connected to
contact arm 57 through a conductor 1. Con-
tact arm 5% is connected by a conductor 69 to
& conductor Ti which connects the fixed end of
the bimetal bar 31 of the upper thermal switch
29 to the fixed contact 2T of the lower main
thermal switch. The fixed contact member 33 of
the upper switch 29 is connected to conductor
67 and {o contact arm 57 by a conductor 13.
One terminal of the electric heater 21 is con-
nected to the fixed end of bimetal bar 25 while
the other terminal of heater 2! is connected by




% eonductor 15 to the other supply circuit con-
ductor 48. .

The operation of the system shown in Fig, i
of the drawing may be stated os follows: The

position of the cam disk 33 of the continuously

operative timer is that shown at the start of &
peak period or of a period of heavy load on the
central station. It will be noted that contact arm
53 hags been moved out of engagement with con-
tact arm 57 so that an energizing circuit through
the lower main thermal switch 23 and the hesater
9( will be interrupted. 1t is, of course, fo be
understood that the circuit through the lower
thermal switch and the heater would normally
have been as follows, gssuming that the meain
thermal switch 23 was subject to cold water:
from conductor 43 through conductor €7 and
engaged contact arms 57 and 5%, through con-
ductors 69 and 7{, through the lower thermal
switch 23, heater 21 and {rom there through
conductor 15 to the other supply circuit conduc-
tor 45. This circuit would have been operative
just before the projection 65 engaged the por-
tion 63 on the cam disk 83. The heater 2§ will
therefore be deenergized ab the tinme of engage-
ment of any one of the peripheral portions 538,
81 and 63 with projection 65 In case the upper
auxiliary thermal switch 28 was subject to hot
water.

Let it be assumed, however, that at the time
when switch arm 8% is disengaged from arm 57
that the upper suxillary thermal switch 28 is
subject to cold water, in which case bimetal bar
31 would be in engagement with fixed contact
23, In this case an energizing circuit through
the heater 2{ would be established as follows:
from supply circuit conductor 43 through con-
ductors 87 and 18, through the closed upper
thermal switch 29, through conductor 7{ and
the lower closed thermal switch 23, through heat-
er 21 and from there through conductor 18 to
the other supply circuit conductor 48,

This condition of operation. at the start of
one of the periods of heavy load on the ceniral
_station, would mean that there was only & rela-
tively small quantity of hot water in the tank
insufiicient to subject the upper asuxiliary thermal
switch 28 tc hot water. In case enough hot
weter was in the tank to subject the upper switch
28 to hot water, the bimetal bar 31 would be
flexed so a5 to be out of engagement with fixed
contact 98, so that the heater 21 would be de-
energlzed during at least the initial part of one
of the periods of heavy load on the central sta-

e
wiCIi.

7t is further obvious that should withdrawal
of hot water occur during one of the heavy load
periods, say when projection 85 engages at about
the midpoint of the peripheral extent of portion
68, such withdrawal subjecting the upper ther-
mal switch to cold water, then bimetal bar 84
would engage fixed contact 33 and the herein-
pefore described enérgizing circuif for heater 21
would be established with attendant heating of
a predetermined greater quantity of water in the
tanlk, that is, until the upper thermal switch
28 is subject to hot water.

T have shown three such periods of peak or
heevy-load periods in 2 twenty-four hour day
put I do not desire to be limifed gither to the
number of such peripheral portions of greater

radius nor to their positions cn the periphery of’

the disk 53. The engineers in the central sta-
tion supplying current to distributing systems can
very easily determine the times of dey both a8
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to the numbsy of fimes 28 well a8 §o
tion of such pericds when the;
have the waber heaters deens:
each such tank contained
mined smount of hot water,
deseribed.

Referring now to Fig. & of the drawing, X
there illustrafed & hot ¥ ber hestine
slightly modified from thet shown in Fig.
the drawing and 2li paris shown in Fig. 2 which
are substantially the same a those shown in ¥ig.

2 @B
1 heve been provided with the same numerals,
In sddition to the

contintously operaiive §im-
ing means 38, I provide o like eleciric heaber
21 and o lower meain thermal switelh 23,

I pro-
vide an upper suxziliary switch 77 of the same
genersl type as thermal switch 23 but

including
o birnetal bar 79 which operates in @ manner
substantially opposite to that of the lower main
thermal switch 23, The bimetal bar 18 is nor-
mally out of engagement with a fixed contact
member 81 when the bimetal bar is cold and is
in engagement with contact 81 when the bimetal.
bar is hot. o

I provide & timer-actuated switch comprising
s substantially rigid contact arm 82 and a resil-
jent contact arm 8% which ic pormally yieldingly
biased out of engagement with contact arm 83
but is adapted o be moved into sngagement
therewith when a lug 87, of electric-insulating
meaterial, on the movable end of arm 85 engages
any one of the peripheral portions §9, 61 or 63
during the rotation of the cam disk 58.

Supply circuit conductor 48 is connecied by &
conductor 88 with one of two fixed contact ter-
minals 98¢ of & conbactor or relay inciuding &
contact bridging member 923 and a coll 88, The
coil 93 is adapted to energize movable armaiure
core 91 connected with contact bridging mem-
per 93 in 3 menner well known in the art §o
move the bridging member out of engagement
with fized contact members 8{ when coil 86 is
traversed by sn electric current. One terminal
of coil 95 is connected tc conductor 89, while
the other terminal of coil §5 is connected by &
conductor 99 with the fixed end of bimetal bar
78. The contact member 8! is connected by a
conductor §8f with contact arm 83, Contect
arm 85 is connected by & conductor §83 with one
terminal of heater &f, the other terminal of
which is connected o the fized end of himetal
bar 25. Contact 27 is connected by & conductor
105 with the other fixed contact mexaker 8.
Conductor {83 is connected by 2 conductor (87
with the other supply circuit conductor 48,

1et 1t be assumed that the parts of the con-
tinuously operative timer are in the position
shown in Fig. 2, thai is, & peak or a period of
heavy load on the central station has just begun
and that contact arms 85 and 23 are in engage-
ment with each other. Let it be further assumed
that the upper part of the tank is filled with hot .
water to such an extent that the upper thermal
switeh 77 is subject to hot water with the resulb
that bimetal bar 78 is in engsgement with contact
81. Under these conditions the coil 85 of the
contactor will be traversed by an electric currend
through s circuit substantially as follows: From
supply circuit cnnductor 43 through conductor
88, coil 8§, conuuctor 98, through bimetal ber
78 and contact 84, through conductor 184 through
the engaged contact arms 23 and 8% and then
through conductors 83 and (67 to the other
supply circuit conductor 46, The contact bridg~
ing member 83 will therefore be neld in its raised
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position so that the circult through heafer 24
will be deenergized.

Let it now be assumed that during the time
that contact arm 83 is held in engagement with
contact arm 83 by reason of its engagement with
portion 83 of disk §3, withdrawal of hot water
from the tank occurs with resultant flexing of
bimetal bar 79 out of engagement with fixed con-
tact 81. This would deenergize the circuit
through coil 95 with resultant drop of contact
bridging member 93 into engagement with the
fixed contact members 81 and attendant ener-
gization of heater 2i through the following cir-
cuit: from supply circuit -conductor 43 through
conductor 89, cooperating contact members 91
and 93, through conductor {085, through the closed
- lower thermal switch 23, through heater 2{ and
through conductors 103 and 07 to the other
supply circuit conductor 485.

The two above described conditions of deener-
gization and of energization of the heater 2t
therefore mean that in case the tank contains
less than a predetermined amount of hot water
at the start of a peak period or period of heavy
load, the heater 21 would be energized but if
the tank contains more than a predetermined
amount of hot water, the heater would not be
energized during such period of on-peak or heavy
load on the central station. )

Let it now be assumed that the lug 87 on arm
35 iz out of engagement with say portion 63;
thien the possible energizing circuit, hereinbefore
described, for coil 95 would be impossible to
establish because at that time contact arm 85
would be out of engagement with contact arm 83.
In this case the heater 21 would be energized
through the contact members of the contactor
in case the tank was not entirely full of hot water.

The systems shown in Figs. 1 snd 2 of the
drawing therefore are effective to ensure that any
customer or user of hot water heated by a system
of the kind shown in the drawing will have avail-
able for use at least a predetermined minimum
amount of hot water, at all times during a
twenty-four hour day. Further, as soon as the
periods of heavy or peak load, as determined by
the engineers of the operating company, have
passed by, the heater will be energized in case
the tank contains an appreciable amount of cold
water or at least enough to subject the switch
23 to cold water. .

While I have shown a particular position for
heater 21 and a certaln relative position of ther-
mal switch 23, I desire to have it understood
that this is for fllustrative purposes only and
that the main lower thermal switch 23 is effec-
tive to open the heater circuit as soon as sub-
stantially all of the water in the tank is hot,.

Various other modifications may be made in
the systems embodying my invention and all such
modifications clearly coming within the scope of
the appended claims are to be considered asbeing
covered thereby.

I claim as my invention: .

1. A water heating system for a hot water
tank having a single electric heater near the
lower end of the tank, comprising a thermally-
responsive heater control switch effective to nor-
mally cause energization of said heater in case
less than all of the water in the tank is hot and
means including a timer-controlled switch and a
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thermally-actuable swileh subject fo the tem-
perature of the wster &t a predetermined upper
part of the tank for causing deenergization of the
heater at predetermined perlods of & day in case
the tank contains more ikan a predetermined
amount of hot water ab the start of and during
said periods of time.

2. A water heating system for s hot water tank
having a single electric heater near the lower end
of the ank, comprising a plurality of switches
controlled respectively by time and by tank water
temperature at different selected peints on a
tank adapted to cause erergization of said heater
at predetermined pericds of day in case less than
all of the water in the tank is hot, to cause de-
energization of said heater during said prede-
termined periods of day when substantially all of
the water in the tank is hot and to cause ener-
gization of said heater during the other periods
of day only in case less than a predetermined
Iractional part of the water in the tank is hot.

3. A water heating system for a hot water tank
having a single electric heater near the lower end
of the tank, comprising a plurality of switches
controlled respectively by time and by tank water
temperature at different selected points on a tank
adapted to cause energization of said heater at

- predetermined periods of day in case less than
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ali of the water in the tank is hot, to cause de-
energization of said heater during said prede-
termined periods of day when substantially all
of the water in the tank is hot and to cause en-
ergization of said heater during the other periods
of day only in case less than a predetermined
fractional part of the water in the tank is hot
and to cause deenergization of said heater during
said other periods of day when more than sald
bredetermined fractional part of the water in the
tank is hot.

4..An all-day water heating system for a hot
water tank having a single electric heater near
the lower end of the tank, comprising a plurality
of thermally-actuable heater-control switches Jo-
cated at different selected points on a tank and
a time-controlled switch to cause energization
of the heater during off-peak pericds of a day
in case less than substantially all of the water
in the tank is hot and to cause energization of
the heater during on-peak periods in case less
than a predetermined fractional part of the wa-
ter in the tank is hot.

5. A water heating system for a hot water tank
having a single electric heater near the lower
end of the tank, comprising a lower thermal heat-
er control switch effective to cause deenergiza-
tion of said heater when substantially al] of the
water in the tank is hot, a second thermal heater
control switch subject to tank water temperature
at a predetermined upper part of the tank and
effective to cause deenergization of said heater
when it is subject to cold water and a timer-con-
trolled switch adapted to selectively cause en-
ergization of said heater through only the lower
thermal heater control switch and through both
sald thermal heater control switches at different
Perfods of & day in case the tank containsg less

~ than predetermined different amounts of hot wa-

70

- ter during said different periods of a day, said en-

ergization continuing until said predetermined
different amounts of water are hot.

CLARK M. OSTERHELD.




