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This invention relates to improved thermal blankets 
of the type wherein a heat transfer ?uid is circulated 
therethrough, and, more particularly, to improved ap 
paratus for circulating the ?uid and automatically con 
trolling the ?uid temperature to control the temperature 
of the blanket as desired. 
Among the many advantages ofjthe improved circu~ 

lating and control apparatus of the present invention are 
those resulting from the reduced size, weight, and ex 
pense of the ?uid circulator and the highly effective 
control action of the temperature control apparatus. 
This improved circulator and control apparatus of the 
present invention is described herein as being used for 
keeping the user comfortably warm, and many advan 
tages are provided in this use. 
The improved temperature control apparatus is ex 

tremely effective in maintaining the desired temperature 
beneath the blanket adjacent to the user’s body. Manual 
adjustment may conveniently be made to set this tem 
perature as desired. This improved apparatus contin 
uously and automatically controls the temperature of 
the circulating ?uid in response jointly to two important 
factors. It automatically responds to both of the fol 
lowing: (1) the amount of heat transfer from the fluid 
occurring in the blanket and (2)v the ambient tempera 
ture of the air in the room. Furthermore, this improved 
control quickly responds in case‘ the fluidv begins to 
overheat and immediately shuts o?f the heater. 

Electric blankets have not proven fully satisfactory 
in many cases because of the ever present hazard of 
?re and shock and because of the reluctance ‘of many 
people to sleep under an electrical device. Many people 
who have tried to use electric blankets‘ have found that 
their sleep is troubled by a hesitanc'y to move or roll 
about naturally for fear of damaging the live wires‘ with 
in the blanket. , 

Occasionally during use an electric blanket will be 
come bunched or folded while still energized. This re 
duces the exposed area and causes the rolled up portions 
of the blanket seriously to overheat. To reduce this 
hazard efforts have been made to utilize a large number 
of thermostats widely dispersed throughout the blanket. 
The use of numerous thermostats makes the blanket 
heavy and unnaturally bulky as well ‘as greatly increas 
ing ‘the number of electrical connections and raising 
the manufacturing cost. These scattered thermostats. in 
electric‘ blankets often tend to be considerably delayed 
in response to localized overheating due to’ bunching. 
The blanket material itself insulates the thermostats 
so that they. cannot quickly sense a rise in temperature 
except when the hot‘ spot happens to be adjacent to one 
of them. All of these problems are highly satisfactorily 
overcome by the present invention as will be explained 
in detail further below. I I _ 

Another problem with electric blankets is the neces 
sity for protecting the heating elements and electrical 
connectors in the blanket ‘so that they are unaffected 
by dry-cleaning or washing. Waterproofing has added 
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to the manufacturing cost and weight as particular care 
is required in treating the conductors and circuit ele 
ments. 

Since the shortcomings of the electric blanket were 
not satisfactorily corrected, it has been suggested that a 
blanket be provided with means for circulating a tem 
perature regulated ?uid through appropriate passages 
or tubes therein. This prior liquid blanket overcame 
the various hazards and psychological barriers occurring 
in the use of the electric blankets and it lends itself 
readily to repeated washings and dry cleanings without 
any special precautions required. This prior blanket 
system is described and claimed in copending applica 
tion Serial No. 309,416, filed beptember 13, I952, and 
assigned to the same assignee as the present application. 
The present invention is in the nature of a further im 
provement thereover. 
Among the advantages of the present invention is the 

provision of motor and pump means for circulating liquid 
through the blanket which are quiet-running and vibra 
tion free as desired. This improved circulator is less 
expensive to manufacture than prior units and is more 
efficient and rugged in operation, having a high strength 
against being knocked out of adjustment by any rough 
usage. 
Among the many advantages of the improved circu 

lator and control apparatus of the present invention are 
those resulting from the fact that the temperature is 
controlled in response both to the ambient temperature 
in the room and in response to the temperature of the 
liquid returning from the blanket to the circulator. In 
e?ect, this improved control provides a highly successful 
combination of measurements of heat transfer occurring 
in the blanket and of ambient conditions. ._ 

In order to maintain a comfortable temperature be 
neath a blanket adjacent to the user’s body throughout 
the night regardless of temperatures changes in the 
room, the improved apparatus of the present invention 
automatically varies the temperature _of the circulating 
liquid. Thus, as the room becomes colder during the 
middle of the night the temperature of the liquid in the 
blanket is raised. This maintains a comfortable tem~ 
perature beneath the blanket in spite of the colder con 
ditions in the room. 
When the room warms up, the temperature of the 

circulating ?uid automatically is lowered to maintaina 
comfortable temperature beneath the blanket. 
As will be understood in detail from the present speci 

?cation, maintaining constant the temperature of the 
liquid returning to the circulator does not maintain a 
comfortable temperature beneath the blanket adjacent 
to the user’s body. As the temperature of the room 
falls, an increasing fraction of the available blanket heat 
is lost into the room as a result of convection, con 
duction and radiation losses from the blankets to the 
room. Much less of this blanket heat is then transferred 
down into the area beneath the blanket where it is 
useful. Also, as the room grows colder, more and 
more body heat is lost from the user’s head and from 
the hands and arms if they are exposed. As the room 
temperature rises, these effects are, of course, reversed. 
As a result of all of these operative relationships, as 

explained in the speci?cation, changes in the ambient 
temperature are a very important factor in obtaining 
proper temperature at the user’s body. 

In the illustrative embodiment of the present inven 
tion a thermostat is advantageously arranged to have a 
predetermined indirect sensitivity to the temperature of 
the liquid returning from the blanket and has a prede 
termined direct sensitivity to the ambient conditions in 
the room and responds thereto. Advantageously, this 
thermostat quickly responds to any abnormal increases 
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in the temperature of the liquid in the circulator, thus 
immediately shutting off the heater to prevent overheat 
mg. 

Accordingly, it is among the objects of the present in 
vention to provide a new and improved pump and heat 
ing unit and a sensitive and highly effective automatic 
control and combined overheating protector for a liquid 
thermal blanket. 
. The illustrative embodiment of the present invention 
1ncludes a unique arrangement wherein pump friction 
losses are so reduced that a low power electric motor is 
suf?cient effectively to circulate the ?uid through the 
blanket tubes. Advantageously, this improved circulator 
pump is practically vibration free. 

It is still another object of the present invention to 
provide a fluid heating chamber that is inexpensive to 
manufacture. 

It is still a further object of this invention to provide 
a unique heat sensing control arrangement which is re 
sponsive to ambient temperature and to the temperature 
of the liquid and of the storage tank and heater. 

It is still another object of this invention to provide 
an easily assembled circulating pump unit which may be 
manufactured at a minimum of cost. 

Although in the accompanying drawings a preferred 
embodiment of the present invention is shown and is 
described in detail in this speci?cation, it is to be under 
stood that this embodiment is not intended to be either 
exhaustive or limiting of the invention, but, on the con 
trary, is chosen for the purpose of illustrating the inven 
tion in order that others skilled in the art may so fully 
understand the invention, its principles and the applica 
tion thereof, that they may embody it and adapt it in 
numerous forms, each as may be best suited to the re 
quirements of its particular use. 

In the drawings: 
Figure l is a perspective view of a liquid thermal 

blanket cooperatively connected to the improved circu 
lating and control apparatus of the present invention; 

Figure 2 is a longitudinal sectional view of the im 
proved circulating and control apparatus; 

Figure 3 is a horizontal sectional view of the circulat 
ing unit shown in Figure 2, the view being taken gen 
erally along line 3-—3 in Figure 2; 

Figure 4 is a sectional end view of the circulating and 
control apparatus. the view being taken generally along , 
the line 4-4- of Figure 2; 

Figure 5 is a nlan view of the heat sensing control of 
the circulator. this view being taken along the line 5-5 
in Figures 2 and 3; 

Figure 6 is a schematic diagram of the electric circuit 
‘in the circulating and control apparatus of the present 
invention; ' 

Figure 7 is a plan View of the thermostat portion of 
the control apparatus; illustrating an alternative em 
bodiment; and . 

Figures 8 and 9 are section views of the thermostat 
shown in Figure 7, taken on the lines 8~8 and 9-9, 
respectively, in Figure 7. ' 
>Referring to Figure 1. a thermal blanket 10 of the 

circulating heat transfer liquid type is shown in coopera 
tive arrangement with the improved circulating, heating, 
and automatic temperature control apparatus’ 12. The 
control apparatus 12 is provided with suitable means 11 
for connection to a conventional electrical outlet 13. 
The blanket is connected to the improved apparatus 12 
by means of a liquid return line 14 and a supply line 16. 
The thermal blanket It) has a grid of heat exchange 

passages shown as being formed by a series of ?exible 
small diameter tubes of a plastic material as described 
in the above copending application. A suitable heat 
transfer liquid is circulated through these tubes for 
warming (or if desired for cooling) the blanket- The 
heat exchange passages include a pair of headers 18 and 

- 20 at the foot of the blanket 10. A Series of u-shaped 
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tubes 22 are connected from one of the headers 18 which 
serves as the intake header to the other or outlet header 
20. The liquid is pumped by the circulator apparatus 
12 through the intake header 18 and its communicating 
heat exchange tubes 22 and circulated back to the outlet 
header Ztl. From the outlet header the liquid flows into 
the return line 14 and then back into the circulator 12. 

In Figures 2, 3 and 4 are illustrated a preferred em 
bodiment of the improved circulator of the present in‘ 
vention. A protective casing 24 protects the operating 
portion of the circulator, heating and control apparatus 
12. Appropriate openings in the casing 24 (as shown 
at the lower right in Figure 2) accommodate the entry 
of the supply and return lines 16 and 14, and means 96 
are provided at the opposite end of the casing for air 
?ow into the interior in order to sense the ambient tem 
perature. 
The liquid for the system is introduced into a tank 

or reservoir 26 through an opening 28 in its top surface 
30. The side wall 32 and the top portion 3% of the tank 
are preferably formed as an integral piece, cast from a 
suitable metal of high heat conductivity and corrosion 
resistance, such as cast aluminum, for example. In 
order to warm the heat transfer liquid, a heating ele 
ment 34 is advantageously cast in place integral with the 
side wall 32. A low power motor 36 of the shaded-pole 
type suitable for cooling by ambient air is mounted be 
low the tank 26. The rotor 33 is of the squirrel cage 
type and is separated from the stator magnet structure 
4t} by a thin air gap. A winding 42 energizes the motor. 

In order to seal the bottom of the reservoir 26, a 
housing 44 of non-magnetic material of relatively low 
electrical conductivity in the form of a cup is inserted 
into the air gap so as to surround the sides and bottom 
of the rotor 38. This seal cup may advantageously be 

, formed of stainless steel. A pump housing 46 extends 
out from the top of the rotor seal cup and is preferably 
integral therewith. The pump housing 46 may be made 
of magnetic or non-magnetic material as desired, but a 
more rigid and economical structure is provided by 
manufacturing the pump housing and cup seal as one 
piece, in which case non-magnetic material would be 
used. A ?ange extends out from the top edge of the 
pump housing and is secured to the tank body 32 by suit 
able means such as the machine screws shown. To in 
sure a tight ?t, a gasket 48 is placed above this ?ange 
at the area of contact. 
An annular partition 50 is placed between the reservoir 

26 and the pump housing 46, being set into a shoulder 
recess 52. This partition 50 is provided with a pump 
intake opening 53 at its center, thereby permitting liquid 
to flow down from the reservoir 26 into a pump chamber 
54. In order to prevent the liquid being drawn down 
through the intake 53 fromrswirling and developing a 
vortex which might cause air to be sucked into the pump 
chamber, a cylindrical anti-swirl screen 55 surrounds the 
pump intake. The partition 50 is ?rmly held in place 
by this anti-swirl screen which is set into a recess 56 in 
the-top portion of the tank body 32 and presses down 
against the partition. 
As shown most clearly in Figure 3, the pump chamber 

wall 46 is preferably circular. A tangential outlet 58 
feeds out from the perimeter of the pump chamber 54 
and is connected to the supply line 16. 
An impeller 60 consisting of two L-shaped blades 62 

is positioned in the pump chamber 54 between the rotor 
38 and the partition 50. The blades 62 extend out into 
the upper portion of the chamber 54 near its perimeter, 
and are integrally secured to an impeller disk 64 which 
is provided with a central hole 66. The impeller disk 
is held down on top of the rotor by means of a ?anged 
bearing bushing 68 which is press ?tted down through 
the disk and down through the center of the rotor 38. 
A shoulder 70 formed by a small ?ange on the upper end 
of the bushing presses the disk 64 tightly into engagement 



mam 
with therefor 38. A ?xed rotor mounting shaft 72' passes 
up through the bushing 68, providing a post about which 
the rotor 38 freely rotates. A thrust bearing shoulder 
74 preferably is formed as an integral part of shaft 72, 
and is positioned between the lower end of the bushing 
68 and the bottom of the rotor cup 44. To retain the 
rotatable bushing 68 on the post 72, a washer is held 
down against a shoulder on the post by a nut screwe 
onto the reduced upper end of the post. ' 
To operate the circulator, a liquid of moderate to high 

speci?c heat and relatively low viscosity, such as water 
containing a quantity of a permanent anti-freeze such as 
ethylene glycol, is poured into the tank 26 through the 
opening 28 which is normally closed by a screw plug 
78. The ?uid ?ows from the tank, through the opening 
53 and into the pump chamber 54. The impeller 68 
forces the liquid out of the pump chamber through the 
tangential outlet 58. During operation, a small amount 
of ?uid seeps down through the small clearance 82 be 
tween the rotor 38 and the close ?tting wall of the rotor 
cup housing 44. The seepage path passes down the 
clearance space 82 and into the space between the rotor 
and the bottom of the cup 44. The pressure at the cen 
ter of the pump chamber 54 is less than that near the 
perimeter. Due to this pressure differential, the seepage 
is forced up through the bushing 68 and around the rotor 
shaft 72, and back into the pump chamber 54, thus de 
sirably lubricating this bushing which is adapted to be 
lubricated in this manner. 
The movement of the seeping liquid around‘ the rotor 

38 and up along the rotor shaft 72 also advantageously 
creates a lifting and centering effect. As a result, the 
tendency for Wear on the bearing surfaces of the rotor 
shaft 72 and the bushing 68 is greatly reduced. The 
centering effect also reduces the vibration of the rotating 
rotor and impeller, thereby keeping the running noise 
to a minimum as well as increasing the efficiency of the 
circulator. The power to operate the electric driving 
motor is reduced from a typical ?gure of about 35 watts 
required by former circulator motors to about 10 watts 
required by this embodiment. As a result, the problem 
of motor cooling is substantially eliminated, as the very 
small amount of input energy not utilized to drive the 
motor and pump readily dissipates to ambient through 
the casing 24. With circulation entirely shut oif and the 
motor operating continuously (without any input to the 

. heater 34), tests have shown that the motor will not 
overheat. 

In addition to the features already referred to, it will 
also be observed that the centrifugal circulator of the 
present invention has’ the advantage over a positive dis 
placement pump that it is not adversely affected by any 
restrictions. thatmay occur in the‘ circulation system; A 
positive displacement pump, by comparison, may develop 
abnormally high pressures in the system upon occurrence 
of a restriction and can be seriously overloaded or even 
stalled. Furthermore, the centrifugal pump is much less 
liable to develop vibration and noise which would re 
quire auxiliary damping. 
The ?uid is circulated through the blanket as described 

above in connection with Figure 1 and returns to the 
tank 26 through the return line 14. The return line is 
connected up into the bottom of the tank 26 by an inlet 
nipple '84’ secured ‘into the ?ange 47. Advantageously, 
this return flow discharges'beneath the liquid level in the > 
reservoir, thus providing an air seal and preventing entry 
or” air into the return‘ line. Moreover, this construction 
has the advantage that both the tangential outlet 58 and 
the inlet nipple 84 are located in'the integral pump hous 
ing 46 and ?ange 47, rather than in the tank body 32. 
This enables ‘the tank body 32'to be formed in one piece 
with the heating element 34 of a castable material, which 

- does not lend itself'readily to making tubing connections 
by soldering; bracing or‘ the like. This- also eliminates 
the expense: of separately af?xing heating means to the 
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tank body 32 and provides better‘ heat conductivity and 
control action and safety as explained below. 
A temperature control 98 senses the ambient. tempera 

ture, and, indirectly, the average temperature of the fluid 
returning from the blanket and is ready immediately to 
respond to any tendency to overheat and thus shut off 
the heating element. In response to the ambient tem 
perature, and in accordance with the heat transfer occur 
ring in the blanket as measured by the average tempera 
ture of the liquid in the reservoir 26, the control 90 
regulates the temperature of the circulated liquid so as 
to keep the blanket user comfortable. In addition this 
control 90 shuts off the heating element if the tank body 
should become overheaded. vA unique arrangement has 
been provided which accomplishes all of these functions 
and yet uses but a single thermostat. 
As shown in Figures 2, 3, and 5, a thermostat 90 is 

positioned on a thermostat mounting plate 92 in a thermo 
stat compartment 93. This mounting plate electrically 
insulates the thermostat control 90, and provides a pre 
determined amount of heat insulation between the 
thermostat and the circulator and reservoir. The mount 
ing plate 92 is located within the circulator casing 24 and 
is. a?ixed to the tank body 32 by means of a screw 95 or 
the like. The mounting plate is separated from the tank 
body 32 by a heat conduction metal backing plate 94. 
The thermostat 90 is attached to the lower end of the 
mounting plate 92 so as to be isolated from the tank body 
32 and near the in?ow of air through the port 96, to make 
it truly responsive to ambient air temperature. Air con 
vection ports 96 in the casing side wall 97 permit the 
ambient air to circulate in the vicinity of the thermostat 
96, as described more fully hereinafter. The heat con 
duction plate backing 94 carries a controlled portion of 
the heat from the tank body 32 to the areas adjacent to 
the thermostat 90. 

In this way, the thermostat 90 is directly responsive 
to the temperature of the ambient air. It is also in 
directly responsive to the average temperature of the 
liquid in the reservoir 26 as determined by the controlled 
amount of this heat which is conducted through the back 
ing plate 94 and through the mounting plate 92. Thus, 
it can be seen that any desired balance can be achieved 
between ambient temperature effect and reservoir tem 
perature effect. For most purposes, it is preferable to 
rely primarily on ambient temperature for control pur 
poses and to sense reservoir temperature for protective 
purposes. If for any reason the heating element 34 tends 
to overheat, this heating is conducted through the heat 
conduction plate 94 to the thermostat. It will be appre 
ciated that the position of the heat conduction plate 
closely adjacent to the bulge on the tank body containing 
the central part of the heating element renders the ther 
mostat quickly responsive to overheating. 

In order to obtain a desirable joint response to liquid 
temperature and ambient temperature a conduction plate 
94 of metal‘ of good heat conductivity such as aluminum 
or copper 1/16 of an inch thick and an insulating plate of 
rigid insulating’ material 1/8 of an inch thick such as 
phenol formaldehyde (“Bakelite”) or methyl vmethacry 
late (“Lucite” or “Plexiglas”) may be used. 
The thermostat 90 may comprise a bimetal strip 98 

which is attached at one end to the mounting plate 92. 
At this end, the strip 98 is in contact with a wiring ter 
minal 99. ' ' 

At its free end, the strip 98 carries a contact button 
1%. which is engageable with a similar button 102 
mounted on the plate 92 and included in the electric cir 
cuit described hereinafter. The ?xed contact button‘ 102 
preferably is mounted on a small permanent magnet'ele 
cut 104 which cooperates with the movable bimetal 

strip 98 to ensure positive action in opening and closing 
of the contacts. The ?xed contact 102 is connected elec 
trically to a wiring terminal 103. 
Near its mounted end, the bimetal strip 98 carries an 
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L-shaped lever member 105 which is engageable by a 
rotatable cam 106 above the strip 90 for adjusting the 
temperature at which the contacts 100, 102 will open and 
close. The cam 106 is carried at the lower end of an 
adjusting shaft 107 of electrical and thermal insulation 
material which is held rotatably in a half-round vertical 
groove in the mounting plate 92 by suitable means such 
as a spring clip 108. The shaft 107 extends upwardly 
through the casing 24. At its upper end outside the eas 
ing, the shaft carries a control knob 109 to permit ready 
adjustment of the thermostat. In the usual case, the 
control knob will be calibrated to reference indicia (not 
shown) on the top of the casing 24. 
The thermostat 91B is connected in the electrical circuit 

of the control unit 12 as shown in Figure 6. In this cir 
cuit, the thermostat 91) is connected in series with the 
heater 34 across the motor winding 42. In this circuit, 
it will be observed that the bimetal strip 98 is shown as 
a resistance element. This strip preferably is made of a 
combination of relatively high resistance materials, such 
as chrome-nickel steels, so that current flow therethrough 
will result in some heating of the bimetal strip. This 
heating of the strip 98 serves two purposes. For one 
thing, it provides a small amount of heat in the thermo 
stat compartment 93 which creates a “chimney effect,” 
inducing ambient air ?ow through the compartment 93. 
As the sensing element 98 is located in the lower part of 
the chamber 93, it is seen that this element will be ex 
posed to fresh incoming ambient air, to be responsive 
thereto. The control circuit also preferably includes a 
manual on-olf switch 111 which may be located adjacent 
to the control knob 109 (Figure 2). 
When the on-off switch 111 is closed, the motor 36 will 

operate continuously to maintain constant circulation of 
liquid through the blanket 10. When the unit is ?rst 
turned on, it can be. assumed that the thermostat con 
tacts 100, 102 will be closed so that electric current also 
will start to ?ow through the heater 34- and the thermostat 
90. This will initiate heating of the liquid in the reser 
voir 26 and also will start heating the bimetal strip 98 to 
induce air circulation through the thermostat chamber 93. 

Current flow through the heater 34 and the thermostat 
90 will continue for a period of time determined by the 
temperature of the ambient air to which the strip 98 is 
exposed. Also, the temperature of the circulating liquid 
entering the reservoir 26 will in?uence the temperature 
of the chamber wall In turn, this will have a hear 
ing on the temperature of the conducting plate 94 and of 
the lower portion of the mounting plate 92. 

Thus, the bimetal strip will be exposed to three tem 
perature e?ects; one being due to current flow through 
the strip 98, another being the temperature of the ambient 
air entering the chamber 93, and the third being the re 
turn liquid temperature. After a period of current ?ow 
through the heater 34 and thermostat 90, the strip 98 will 
become heated sufficiently to open the thermostat con 
tacts 1130, 102 and shut off the heating current. 

After a short time, assuming no change in ambient 
temperature and assuming that the liquid temperature 
still is not up to the required level, the thermostat con 
tacts will close again and flow of heating current will 
resume. This on-oii' cycling will continue as long as the 
unit continues in operation, with variations in cycle time 
as determined by ambient temperature and liquid tem 
perature. 
The current tiow through the bimetal strip 93, and the 

consequent heating effect thereof on the strip will be 
- essentially constant. Therefore, the time required for the 
thermostat strip 98 to open the contacts 100, 10.’; on each 
cycle will depend on the rate of heat loss from the strip. 
In turn, this will depend on the temperature difference 
between the ambient air and the strip 93, and also the 
temperature difference between the mounting plate 92 
and the strip. An increase in either the ambient air tem 

' perature or the mounting plate temperature will reduce 
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the heater “on” time and increase the heater “off” time, 
thereby reducing the average heat input to the circulating 
liquid to permit the temperature thereof to decrease. As 
far as the mounting plate temperature is concerned, it is 
seen that this arrangement provides an elfective safety 
control. 

If, for example, circulation through the blanket is in 
terrupted for some reason, the temperature of the reser 
voir wall 32 will go up rapidly. This temperature rise 
will quickly be transferred to the lower portion of the 
mounting plate 92 by the backing plate 94, causing the 
strip 9% to bend and hold the contacts 100, 102 open until 
the chamber wall 32 has cooled to a safe level. 

In Figures 7-9 there is shown an alternative form of 
thermostat in the control unit of the present invention. 
In this embodiment, the thermostat 90 comprises a main 
bimetal strip 98 mounted at one end on a spacer block 
113 and attached by rivets 114 or the like to the mount 
ing plate 92. The rivets 114 extend through the plate 
92 to engage a wiring terminal 99 on the rear side of 
the plate 92. Also, the wiring terminal 103 for the 
?xed contact button 102 is located on the rear side 
of the plate 92. 

In place of the backing plate 94 of Figures 2, 3 and 
5, the control thermostat 90 in Figures 7-9 further in 
cludes a supplementary bimetal strip 115 on the back side 
of the mounting plate 92. At one end, this supplement 
ary bimetal strip 115 is attached to the mounting plate 
92 by any suitable mounting means and so located as to 
engage the reservoir wall 32 when the mounting plate is 
in position. Accordingly, it is seen that the supplement 
ary strip 115 is in direct thermal contact with the cham 

' ber wall 32 and will be directly responsive to the tem 
perature thereof. 
The supplementary strip 115 extends to a point adja 

cent to the main bimetal 98, and the free end of the strip 
115 is engageable with one end of a reciprocable plunger 
116 of insulating material. This plunger 116 extends 
through the mounting plate 92 so that its other end is 
engageable with the main bimetal 98 adjacent to the 
contact button 100. The plunger 116 is slidable endwise 
through the panel 92, so that it can be moved by the 
supplementary strip 115 into engagement with the main 
bimetal 98, upon ?exing of the strip 115. 
With this arrangement, it is preferable to have the 

control of circulating liquid temperature primarily de 
pendent on the main bimetal 98, with the supplementary 
strip 115 being primarily operative as a safety control. 
In other words, the main bimetal 98 will cycle the heater 
on and off at a rate determined by the'ambient tempera 
ture, while the supplementary strip 115 will function at 
temperatures above the desired level to force the main 
strip into open contact position through the medium of 
the reciprocable plunger 116. 

It will be understood, of course, that the desired oper 
ating temperature can be selected by rotating the knob 
109, as previously described, that a change in the setting 
of the knob 109 will alter the temperature at which 
the main bimetal contacts 100, 102 will open and close. 
It will be observed that any change in the setting of the 
.control knob 109 will also change the temperature at 
which the supplementary strip 115 acts on the main bi 
metal 98 to open the contacts 100, 102. 

With the arrangement shown in Figures 7-9, the effect 
of this is that when a lower liquid temperature is selected 
at the knob 109, the supplementary bimetal 115 becomes 
effective at a higher temperature than before, because 
of the greater curvature of the main bimetal 98. In 
many instances, it is preferable to have the response tem 
perature of the supplementary strip 98 increase and de 
crease in step with increases and decreases in the tempera 
ture selected at the knob 109. This is accomplished very 
readily by reversing the relative locations of the plunger 
116 and the contacts 100, 102. In other words, if the 
plunger 116 is so located as to contact the strip 98 at 



I or near theif'r‘ee end thereof, while the contacts 100, 102 
are placed a slight distance inward from the free end of 
the strip, the response temperature of the supplementary 
strip will rise and fall as the temperature selected at the 
knob 109 is raised and lowered. This, of course, advan 
tageously provides better protection against overheating,‘ 
particularly when a relatively low liquid temperature is 
selected at the knob 109. , 

The circulator, heating and control apparatus is e?icient 
in operation requiring'only a ten watt motor and is very 
quiet. Typical overall dimensions of the casing 24 are 
35%“, inches high, 5% inches long, and 3% inches wide. 
From the foregoing it will be understood that the 

improved circulating, heating and control apparatus of 
the present invention described above is well suited to 
provide the advantages set forth. It will be understood 
that many changes and modifications may be made of the 
‘various features of this invention and the apparatus de 
scribed herein may be varied in various parts, all Without 
departing from the true spirit and scope of the invention 
as covered in the following claims. 
What is claimed is: 
1. Improved circulating and heating apparatus for use 

with thermal blankets comprising a tank, heating means 
integral with said tank, a pump housing and impeller 
beneath said tank, said pump housing having an intake 
communicating with the interior of said tank through the 
lower portion of said tank, said pump housing having 
an outlet adapted to be coupled to a thermal blanket, and 
an electric motor drive means connected to said impeller. 

2. Improved circulating and heating apparatus for use 
with thermal blankets comprising a tank, heating means 
integral with said tank, a pump housing and impeller 
beneath said tank, said pump housing forming at least 
a portion of the bottom of said tank and having an intake 
communicating with the interior of said tank, said pump 
housing having an outlet adapted to be coupled to a 
thermal blanket, an electric motor drive means connected 
to said impeller, 

3. Improved circulating and heating apparatus for use 
with thermal blankets comprising a tank having top and 
side portions, a bottom for said tank including an impeller 
chamber integral therewith, said impeller chamber having 
an intake communicating with the liquid in the bottom 
of said tank, said impeller chamber having an outlet 
adapted to be coupled to a thermal blanket, an electric 
motor drive means connected to said impeller, and heat 
ing means for warming the liquid in said tank. 

4. Improved circulating and heating apparatus for use 
with thermal blankets comprising a tank body, heating 
means for warming liquid in said tank, an integral mem 
ber secured to said tank body and forming the bottom of 
said tank, said member having a cup therein extending 
downwardly and said member de?ning an impeller hous 
ing above said cup and beneath said tank, said impeller 
housing having an impeller therein and communicating 
with the interior of said tank at the bottom of said tank, 
said impeller housing having an outlet adapted to be 
coupled to a thermal blanket, and electric rotor drive 
means within said cup connected to said impeller. 

5. Improved circulating and heating apparatus for use 
with thermal blankets comprising a tank having a body 
portion, an electrical resistance heating element integral 
with said body portion, an integral member sealing up 
the bottom of said tank, said member having a deep 
cylindrical cup therein and said member de?ning an 
impeller housing above said cup and beneath said tank 
body portion, said impeller housing communicating with 
the liquid in the lower portion of said tank body, an 
electric rotor within said cup, an impeller secured to 
said rotor and being positioned in said impeller housing 
beneath said tank body portion, an outlet from said im 
peller housing adapted to be secured to said blanket, and 
an electric motor magnet structure around said cup. 

6. Improved circulating and heating apparatus of the 
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‘type: a. circulating’ liquid through a liquid thermal 
blanket, said apparatus comprising a tank, heating means 
adapted to warm the liquid in said tank, pump means be 
neath said tank communicating with the interior of said 
tank, electric motor drive means connected to said pump 
means whereby liquid ?ows from said tank down into 
said pump means by gravity ?ow, said pump means hav 
ing an outletadapted to be coupled to a thermal blanket, 

' and a liquid return from said thermal blanket entering 
said tank beneath the liquid level therein, thereby form 
ing an air seal. , 

7. Improved circulating and heating apparatus of the 
type for circulating liquid through a liquid thermal 
blanket, said apparatus comprising a tank, heating means 
integral with said tank, a pump impeller beneath said 
tank, electric motor drive means including a rotor con 
nected to said impeller, and a housing enclosing said 
impeller and the rotor of said electric motor, said housing 
eifectively scaling up a‘ portion of‘ the bottom of said 
tank. 

8. Improved circulating and heating apparatus of the 
type for circulating liquid through a liquid thermal 
blanket, said apparatus comprising a tank, heating means 
integral with said tank, a pump impeller beneath said 
tank, electric motor drive means including a stator and 
a rotor connected to said impeller, and a housing enclos 
ing said impeller and the rotor of said electric motor, 
said housing being placed in the air gap between the 
rotor and the stator of said electric motor. 

9. Improved circulating and heating apparatus of the 
type for circulating liquid through a liquid thermal 
blanket, said apparatus comprising a tank, heating means 
arranged to warm liquid in said tank, a pump impeller 
of the centrifugal type beneath said tank, electric motor 
drive means including a rotor beneath said impeller con 
nected‘to' said impeller and a stator, a housing enclosing 
said impeller and the rotor of said electric motor, said 

I housing communicating with the interior of said tank 
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through an impeller intake opening over the center of said 
impeller, a tangential outlet from said housing near the 
periphery of said impeller, and a vertical shaft within said 
housing extending up through the center of the rotor for 
mounting said rotor; the wall of said housing being in 
closely spaced relationship with said rotor and de?ning 
a small gap, whereby said impeller rotates as the rotor 
is rotated and seepage of some of the circulating liquid 
is forced downwardly between the housing wall and the 
rotor and upwardly about the shaft at the center of the 
rotor, creating an uplift effect upon said rotor. 

10. Improved circulating heating and control apparatus 
of the type for circulating a heat transfer liquid through 
a thermal blanket, said apparatus controlling the tem 
perature of the space beneath said blanket in accordance 
with changes in room temperature, said apparatus com 
pri:ing a casing, a liquid reservoir tank within said casing 
and having a body portion of metal of good heat con 
ductivity, a resistance heating element within the body 
of said tank, a pump and electric drive means within 
said casing, said pump having an intake communicating 
with said tank and an outlet adapted to be coupled to 
said blanket, a support of good heat conductivity secured 
to said tank body, a heat insulating mounting on said sup 
port, a thermostat on said mounting, and means de?ning 
an ambient air convection path through said casing, said 
thermostat being responsive to the air in said path and 
to the heat conducted through said support and mounting. 

11. Improved circulating, heating and control appara 
tus as claimed in claim 10 and wherein said thermostat is 
secured to said support at a distance from the connec 
tion of said support to said tank body, andsaid thermo 
stat is positioned in said air convection path near the 
point where the air enters said casing, thereby to sense 
ambient air temperature. 

12. Improved circulating and heating apparatus for use 
with thermal blankets comprising a tank having a body 
portion with integral side and top walls, heating means 
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integral with said side and top walls, an electric motor 
having a stator and a rotor, said rotor being beneath 
said tank, a cup-shaped liquid seal around said rotor 
within the gap between said rotor and stator, said seal 
de?ning an impeller housing above said rotor and having 
a ?ange secured to said side walls, said seal effectively 
forming the bottom of said tank, said impeller housing 
having an annular partition forming the top of said 
housing, said partition having a central opening com 
municating with said tank and forming the intake for 
said impeller housing, an impeller within said housing 
and aiiixed to said rotor, an outlet from saidhousing 
communicating with said blanket, a thermostat, a sup 
port of good heat conductivity being secured to said side 
and top walls of the tank body, said thermostat being 
secured to said support at a distance from said side and 
top Walls of the tank body, and heat insulating material 
between said thermostat and the support, thereby to pre 
determine the response of said thermostat to the tem-v 
perature within said tank, said thermostat being exposed 
directly to the ambient air. 

13. Improved circulating and heating apparatus as 
claimed in claim 12 and including liquid return discharge 
means adapted to be coupled to the return line from said 
blanket, said return discharge means being secured to said 
?ange and discharging into the bottom of said tank, there 
by to be beneath the liquid level in said tank. 

14. Improved circulating and heating apparatus as 
claimed in claim 12 and wherein said tank includes a 
cylindrical anti-swirl screen therein, a recess in said top 
wall of the tank receiving the upper end of said screen, 
the lower end of said screen pressing down upon said 
portion around said pump intake opening. 

15. Improved circulating and heating apparatus of the 
type for circulating heat transfer liquid through a liquid 
thermal blanket, said apparatus comprising: a casing, a 
liquid reservoir in said casing, means in said casing adapt 
ed to heat the liquid within said reservoir, means in said 
casing for circulating liquid through said reservoir, an 
electrical control circuit connected to said heating means, 

10 

25 

30 

40 

- 12 

a thermostat for said control circuit including a bimetal 
strip, a ?rst ?xed contact in said control circuit, a second 
movable contact in said control circuit carried by said 
bimetal strip and engageable with said ?rst contact, said 
strip being movable upon heating thereof to open said 
contacts and de-energize said heating means, a second 
bimetal strip directly contacting a wall of said reservoir, 
and means coupling said strips and operable to move said 
?rst strip in a contact-opening direction upon heating of 
said second strip. _ 

16. Improved circulating and heating apparatus of the 
type for circulating heat transfer liquid through a liquid 
thermal blanket, said apparatus comprising: a casing, a 
liquid reservoir in said casing, means in said casing adapt 
ed to heat the liquid within said reservoir, means in said 
casing for circulating liquid through said reservoir, an 
electrical control circuit connected to said heating means, 1 
a thermostat for said control circuit including a bimetal 
strip, a ?rst ?xed contact in said control circuit, a second 
movable contact in said control circuit carried by said 
bimetal strip and engageable with said ?rst contact, said 
strip being movable upon heating thereof to open said 
contacts and de-energize said heating means, means de 
?ning an ambient air convection path through said casing, 
said bimetal strip being located in said air convection 
path, said bimetal strip being included in said electrical 
control circuit to constitute a portion of the path for 
current flow to said heating means, said bimetal strip com 
prising a combination of materials of relatively high elec 
trical resistance whereby to provide heating of said strip 
in response to electric current ?ow therethrough, thereby 
to effect cyclical operation of said heating means. 
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