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HOT PLATE WITH STAINLESS STEEL TOP

Field of the Invention

. [0001] This invention relates generally to hot plates and more particularly, 1o
heating surfaces for a hot plate to heat substances in a vessel or container placed

on the hot plate.

Background of the Invention
[0002] Hot piates are devices that provide a heated horizontal surface and are

widely used in a variety of industrial and laboratory settings for heating substances
contained in vessels. For instance, hot plates are commonly used for heating
chemicals and other materials in open or closed vessels, in order to promote a
chemicai reaction or change in properties of the materials. A typical hot plate

| includes a heating element disposed below or embedded within a horizontal support
surface for the vessel to be heated. A housing or base unit is usually provided for
containing the electrical leads and connections between the heating element and an
electrical supply line, as well as other components such as switches, over-
temperature shut-off devices, potentiometer controls, and the like.

[0003] | In many industrial and iaboratory processes, there is frequently a need
for the material in the vessel to experience motion or circulation simultaneously with
it being heated. Thus, various types of stirring hot plates have been developed. One
known type of stirring hot plate employs a magnetic stirring device which has a
driving magnet mounted on the motor shaft directly below the support surface of the
hot plate. The driving magnet produces a magnetic field that couples with a
magnetic stirring bar placed in the material being heated, thereby causing the stirring
bar to rotate in synchronism with the permanent magnet. By changing the speed and
direction of rotation of the rotating drive magnet, the magnetically coupied stirring
har is effective to impart different types of stirring actions inside the vessel.

[0004] It is known to make hot plate fops from various materiais, for example,
copper iron, glass, aluminum and stainless steel; but ail of those materials have
disadvantages. For example, glass is breakable; and copper, iron and aluminum are
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subject to corrosion and/or oxidation from exposure to chemicals that may be
present in the laboratory. Corrosion may be reduced by coating those materials, but
such coatings are expensive and may not be commercially practicai for less
expensive hot plates.

[0005] Siainless steel has an advantage of being resistant to corrosion, but it
has a disadvantage of being a relatively poor thermal conductor. Further, often a
stainless steel top is connected to a base housing or unit at numerous poinis
generally near a perimeter of the stainless steel top by a plurality of fasteners,
soldering, welding, or other suitable connection. As the stainless steel top is heated,
the heat is conducted unevenly through and across the stainless steel fop resulting
in variations in thermal expansion; and with the top tightly secured at its edges, the
stainless steel top often buckles or crowns upward at its center. Thus, the varying
temperatures and resulting varying thermal expansions produce a convex-shaped
top surface, which reduces an area of contact between the top surface and the
vessel being heated and substantially reduces the efficien'cy of the heating process.
Further, the crowned or convex shaped top surface is more susceptible o the vessel
moving or walking over the top surface in the presence of a vibration. f the hot plate
has a stirring capability, the tendency of the vesse! to walk is greater.

[00086] Consequently, there is a need for a hot plate that has a chemically
resistant, stainless steel top, which, when heated, experiences minimal buckling or

crowning.

Summary of the Invention
[0007] The present invention overcomes the foregoing and other

shortcomings and drawbacks of siainless steel hot plates heretofore known for use
in heating substances in industrial and laboratory processes. White the invention
will be described in connection with certain embodiments, it will be understood that
the invention is not limited to these embodiments. On the contrary, the invention
includes all alternatives, modifications and equivalents as may be included within the

spirit and scope of the present invention.
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[0008] The present invention provides a hot plate with a stainless steel top
plate that is resistant to corrosion and maintains an efficient heating cycle over a full
range of operation of the hot plate. The stainless steel top hot plate of the present
invention has a construction that minimizes buckling and crowning when heated and
further, substantially reduces a tendency for a vessel being heated to move on the
hot plate. Thus, the hot plate of the present invention provides an efficient heating
cycle, a long service fife and is especially useful in a laboratory environment.

{0009] In accordance with the principles of the present invention and in
accordance with the described embodiments, the present invention provides a
hotplate for heating a vessel containing a substance. The hotplate has a heating
plate assembly with a stainless steel top plate to support the vessel. The stainless
steel top plate has an upper surface with a substantially centrally located depression
having a depth and area generally sufficient to absorb upward crowning of the
stainless steel top piate when heated. A heating unit is in a heat transfer relation
with the stainless steel top plate, and a base unit is connected 1o the heating plate
assembly. However, the base unit is not fastened directly {o the stainiess steef top
plate, so that the stainless steel top plate can expand more uniformly when heated.
[0010] Inone aspect of the invention, the heating plate assembly also has
compression plate and a fastener for securing the compression plate to the stainiess
steel top plate. The fastener is iocated near a center of the stainless steel top plate.
The compression plate has a plurality of fasteners located near a compression piate
periphery for connecting the compression plate to the base unit.

[0011] In another embodiment of the invention, the heating plate assembly
has an insulator and a liquid-tight seal; and a threaded stud and nut secures the
heating plate assembly together. The heating plate assembly may further include a
blocking element that prevents a relative rotation between the stainless steel top
plate and the compression plate.

[0012] In a further embodiment of the invention, the stainless steel top plate
has an upper surface with a substantially centraily located concavity having a depth
and area generally sufficient to minimize any crowning of the top plate when heated,
An annular flange is substantially perpendicular to a lower surface of the stainless
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steel top plate and extends outward therefrom. A threaded stud has one end rigidly
connected to a generally central location on the lower surface, and a pin is rigidly
connected at a generally noncentral location of the lower surface.

[0013] These and other objects and advantages of the present invention will
become more readily apparent during the following detailed description together with

the drawings herein.

Brief Description of the Drawings
[0014] The accompanying drawings, which are incorporated in and constitute

a part of this specification, illustrate embodiments of the invention and, together with
a general description of the invention given above, and the detailed description of
the embodiments given below, serve to explain the principles of the invention.
[0015] Fig. 1 is a perspective view of a hot plate having a heating unit with a
stainless steel top plate in accordance with the principles of the present invention.
[0016] Fig. 2 is a disassembled perspective view of an exempiary
embodiment of the stainless steel top unit of Fig. 1.

[0017] Fig. 3 is an assembled side view of the embodiment of the stainless

steel top unit of Fig. 1.

Detailed Description of the Invention
[0018] Referring to Fig. 1, a stirring hot plate 20 includes a heating plate

assembly or unit 22 having a stainiess steel top plate 24 for supporting a vessel 26
containing a substance 28 to be heated and/or stirred. The heating plate unit 22 is
supported by a base unit 30, and often, the base unit 30 provides ihree points of
support for the heating plate unit 22. The base unit 30 provides user operable /O
(input/output) devices 32 that, in a known manner, provide input data and
commands to analeg or digitai controls (not shown) inside the base unit 30, which
are operable to control an electric heating element. The base unit 30 may also, in a
known manner, house a magnetic stirring device and associated user 1/O devices,
which are operable to provide a rotating magnetic field above the top plate unit 22,

thereby rotating a magnetic stirring rod inside the vessel 26.
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[0019] Referring to Fig. 2, the top plate 24 of the heating top plate assembly
22 is made of a stainiess steel material, for example, a 16 gauge sheet metal that is
about 0.060 inch thick. The stainless steel top piate 24 has an upper surface 40, a
lower surface 42 and an annular flange 44 that extends downward or outward from
an outer periphery of the fower surface 42. The upper surface 40 is manufactured to
have a depression 45 providing a generally concave cross-sectional profile. As
shown in Figs. 2 and 3, the concavity 45 extends over a substantial portion of the
upper surface area 40 of the top plate 24 and begins to be discernable at 46, which
is a generally circular line that is substantially closer to the outer peripheral flange 44
than a top plate centerline 48.

[0020] In this exemplary embodiment, a fastener 49 includes a threaded stud
50 and mating threaded nut 108. The threaded stud 50 has one end 52 connected
to the stainless steel top plate bottom surface 42 at a location near the top plate
centeriine 48. A first structure 54 , for example, a blocking element in the form of a
pin, is also attached to the stainless steel top plate bottom surface 42 at a location
radially displaced from the top plate centerline 48.

[oo21} A heating unit 60 has holes 62, 64 that are located and sized {o
receive, respectively, the fastener 50 and pin 54. The heating unit 60 is positionable
inside the flange 44 and beneath the stainless steel top plate 24 such that a heating
element 66 is in a heat transfer relationship with the lower surface 42. The heating
unit 80 further contains a conirol temperature sensor 68 and an over temperature
sensor 70 that provide temperature feedback signals representative of the
temperature of the heating element 86. A plurality of insulating spacers 72a, 72b,
72c have respective first ends in contact with a lower surface of the heating unit 80.
An insulator 74 has holes 76, 78 that are located and sized to receive, respectively,
the threaded stud 50 and pin 54. The insulaior 74 is located within the fiange 44
against opposite ends of the insulating spacers 72a, 72b, 72¢. A tubular wire
insulator 80 is located against a lower surface of the insulator 74 and provides a
thermally protected conduit for electric wires connected to the heating element 66

and temperature sensors 68, 70.
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[0022] A seal 84 has a first hole 86, a second hole 88 and a third hole 90 that
are located and sized to receive, respectively, the threaded stud 50, the pin 54 and
the wire insulator 80. The seal 84 is also positioned within the flange 44 and against
the lower surface of the insulator 74. The seal 84 has an outer periphery 92 that is
sized and shaped to have an interference fit with an inner surface 94 of the flange
44, and thus, the seal 84 provides a generally liquid tight seal with the flange 44 and
prevents liquids spilled on the top plate assembly 22 from contacting the heating unit
60. The seal 84 is also often made from a mica material and provides an additional
thermal barrier.
[0023] A compression plate 100 has a first hole 102, a second hole 104 and a
third hote 106 that are located and sized to receive, respectively, the threaded stud
50, the pin 54 and the wire insulator 80. The compression plate 100 is positionable
inside the flange 44 and against the second thermal barrier 84. The threaded nut
108 of the fastener 49 is engageable with the threaded stud 50 to secure the
compression plate 100, the seal 84, the insulator 74, the heating unit 60 and the
stainless steel top plate 24 into a unitary assembly of the heating plate unit 22 as
shown in Fig. 3. When so assembled, the heating efement 66 is in & heat transfer
relationship with the lower surface 44; but the insulator 74 is maintained a desired
distance from the heating unit 80 as represented by the spacers 72a-72c.
10024] The angular alignment of those components in the assembly is
provided by the locating pin 54 and second structure represented by the holes 64,
78, 88 and 104 in, respectively, the heating unit 80, insulator 74, seal 84 and
compression plate 100. The pin 54 and holes 64, 78, 88 and 104 prevent any
relative angular motion or rotation between the compression plate 100, the seal 84,
the insulator 74, the heating unit 60 and the stainless steel top plate 24.
[0025] . The compression plate 100 further has a plurality of threaded studs
110a, 110b, 110c that extend downward from a lower surface 112 and are used to
connect the top plate assembly 22 to the base unit 30 by means of mating threaded
nuis or receptacies 1144, 114b, 114c located in the base unit 30. Thus, there is no
direct and single mechanical connection between the stainless steel top plate 24
 and the base unit 30. In known hot plates, the periphery of the stainiess steel top
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plate 24 is connected to the base unit 30 by fasteners, soldering, welding, or other
suitable connection. With the stainless steel periphery rigidly connected to the base
unit 30, when the stainless steel top plate is heated, it is guick to expand upward
and crown at the center. With the heating plate assembly of Fig. 2, the periphery of
the stainiess steel top plate 24 is not connected to the base unit 30 and is better
able to expand and move with the application of heat.

[0026] In use, a user first places a vessel on the stainless steel top plate 24.
The concavity 45 helps locate the vessel generally concentricaily with the centerline
48. The user then commands, via the I/O devices 32, the heating unit 60 to be
energized to heat the stainless stesl top piate and vessel 28. Upon heat being
applied to the stainless sieel top plate 24, due to the relatively poor thermal
conductivity of the stainless steel, the top plate often does not expand uniformly.
Thus, there often is a tendency for the stainless steel top plate 24 ic expand upward
in a direction tending to create a crown or convex cross-sectional profite. However,
the use of the threaded stud 50 and nut 108 fo tightly connect the compression plate
100 and intervening layers to the stainless steel top plate 24 reinforces and presents
a thicker mass about the centerline 48 to react the upward directed forces. Thus,
using the center stud 50 to connect the assembly of layers at the centerline 48 limits
or reduces the tendency of the stainless steel fop plate 24 to deform or crown in an
upward direction. Further, to the exteni that the stainless steel top plate 24 expands
upwardly, any initial expansion is absorbed by the amount of concavity 45. Thus, as
the stainless steel top plate 24 is heated, even though the center siud 50 limits the
upward expansion of the top plate 24, some expansion in an upward direction may
occur. [n that event, the concavity 45 is reduced and/or eliminated; and the cross-
sectional profile of the stainiess steel top plate 24 changes from a generally concave
profile to a substantially flat profile. In the event that there is further upward
'expansion of the stainless steel hot plate, s¢ that a small crown or convex cross-
sectional profile occurs, the magnitude of any crowning is substantially less than
crowning of stainless steel top piates without the center stud fastener 50 and the

concavity 45. For all practical purposes, the use of the center fastener 50 and
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concavity 45 results in a stainless steel top plate that is substantially fiat when
heated.

The location and size of the concavity 45 niay vary somewhat with the
manufacturing process used to produce the concavity 45; and further, there may be
variations in the depth and area of the concavity 45 from one top plate to another.
Generally, the depth and area of the cencavity 45 are chosen 10 absorb any
crowning caused by heating the top plate 24 during use. in the exemplary
embodiment shown in Fig. 2, the concavity 45 has a maximum displacement of at
1east about 0.20 inch as measured near the centerline 48 in a direction substantially
perpendicuiar to the top plaie 24.

[0027] The heating plate unit 22 described herein has severai advantages.
First, it provides a hot plate with a stainless steel top plate 24 that is resistant to
corrosion and maintains an efficient heating cycle over a full range of operation of
the hot plate 20. Second, the concavity 45 helps center a vessel upon initial
placement on the stainless steel top plate 24. Further, in the presence of a
vibration, the concavity 45 causes the vessel to move toward the center of the
stainless steel top plate 24. Third, with the center stud 50 and concavity 45, the
heating plate unit 22 has a construction that minimizes and often eliminates any
crowning of the stainless steel top plate 24 when itis heated. Thus, the hot plate 20
" has a stainiess steel top plate 24 that is resistant to chemical corrosion, provides an
efficient heating cycle, a long service life and is especially useful in a laboratory
gnvironment.
[0028] While the invention has been set forth by a description of the preferred
embodiment in considerable detail, it is not intended to restrict or in any way limit the
claims to such detail. Additional advantages and modifications will readily appear to
those who are skilled in the art. For example, in the disclosed embodiment, a
threaded stud 50 and nut 108 are shown in an exemplary embodiment for securing
the components of the heating plate unit 22 near its centerline 48. In other
embodimehts, other forms of mechanical fasteners may be used, for exampie, one
or more rivets or comparable fasteners; and in further embodiments, the
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components can be adhered, bonding, glued or otherwise connected together at the
centerline 48. |n siill further embodiments, some form of welding may be used.
[0028] Further, in the exemplary embodiment, a pin 54 and holes 64, 78, 88
and 104 are used as first and second structure, respectively, to maintain the
components of the heating plate unit 22 in angular alignment and stationary. In
other embodiments, other structure may be used such as a projection, embossment
or key on the inner surface 94 of the flange 44 and mating notches in the respective
edges of the heating unit 60, insulator 74, seal 84 and compression plate 100. Ina
further embodiment, the pin 54 may be a threaded stud that may, or may not, utilize
a mating nut.

{0030} In addition, in the exemplary embodiments shown and described with
respect to Figs. 1-3, the heating plate assembly 22 is described as being applied to
a hot plate. However, in other embodiments, the heating plate assembly 22 of Figs.
2 and 3 can alternatively be applied to a stirring hot plate. |

[0031] Therefore, the invention in its broadest aspects is not limited to the
specific detail shown and described. Consequently, departures may be made from
the details described herein without departing from the spirit and scope ¢f the claims
which follow.

[0032] What is claimed is:
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1. An electric heating apparatus for heating a vessel containing a substance, the
electric heating apparatus comprising:

a heating plate assembly comprising a stainless steel top plate having an
upper surface adapted o support the vessel, the upper surface comprising a
substantially centrally located depression having a depth and area generally
sufficient to absorb upward crowning of the top plate when heated;

a heating unit comprising electrical heating element in a heat transfer relation
with the stainless steel top plate; and

a base unit connected to the heating plate assembly, the base unit not being
fastened directly fo the stainless steel top plate, thereby permitting a generally
uniform expansion of the stainless steel top plate when heated.

2. The electric heating apparatus of claim 1 further comprising:

a fastener connected to a tower surface of the stainless steel top plate at a
location near a cenier of the stainless steel top plate; and

a compression plate comprising a plurality of fasteners located near a
periphery of the compression plate and connected to the base unit, the base unit not
being connected directly to the stainless steel top plate by the plurality of fasteners
and thus, the stainless steel top plate experiences a generally uniform expansion

when heated.

3. The electric heating apparatus of claim 1 wherein the depression has a depth
of at least about 0.020 inch.

4. The electric heaiing apparatus of claim 2 wherein the fastener comprises a

threaded stud and mating threaded nut.
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5. The electric heating apparatus of claim 2 further comprising:

a first struciure on the stainless stee! top plate; and

a second struciure on the compression plate, the second structure
cooperating with the first structure to prevent a rotation of the stainless steel top

plate with respect to the compression plate.

B. The eleciric heating apparatus of claim 5 wherein in the first structure is a pin
extending from the lower surface and the second structure is a hole in the

compression piate.

7. The electric heating apparatus of claim 5 wherein in the first structure is a pin
extending from the lower surface and the second struciure is a hole in the

compression plate.

8. The electric heating apparatus of claim 2 further comprising:

an insulator adiacent the heating unit, the insulator comprising a hole
receiving the fastener; and

a seai between the insulator and the compression plate and providing a
substantially liquid-tight seal between the compression plate and the heating unit,

the seal comprising a hole receiving the fastener.

9. The electric heating apparatus of claim 8 wherein the seal provides a thermal

barrier.

10.  The electric heating apparatus of ¢laim 8 further comprising spacers
separating the heating unit from the insulator.

11.  The eleciric heating apparatus of claim 1 wherein in the heating unit further
comprises a first temperature sensor providing a feedback signal representing a

current temperature of the stainless steel top plate.
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12.  An electric heating apparatus for heating a vessel containing a substance, the
apparatus comprising:
a heating plate assembtly comprising
a stainless steel top plate comprising
a generally horizontal upper surface adapted to support the
vessel, the upper surface comprisizfég a concave cross-sectional profite
starting near an outer periphery of the upper surface and increasing
substantiaily uniformiy inward to a center of the sfainiess sieel top plat_é, and
a lower surface,

a fastener comprising one end rigidly connected to the lower surface of
the stainless steel top plate at a location near the center of the stainless steel
top plate,

a heating unit comprising electrical heating element in a heat transfer
relation to the lower surface of the stainless steel top plate, the heating unit
comprising a hole receiving the fastener,

an insulator adjacent the heating unit, the insulator comprising a hole

receiving the fastener,

a compression plate adjacent the insulator, the compression plate
being connectable with the fastener to secure an assembly of the stainless
steel top plate, the heating unit, the insulator and the compression plate, and
the compression plate comprising a plurality of fasteners located near a
periphery of the compression piate; and
a base unit connected by the piuraiity of fasteners to the compression plate,

the base unit not being fastened directly to the stainless steel top plate by the
plurality of fasteners and thus, the stainless steel top experiences minimal buckling
and crowning when heated.
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13. A heating plate apparatus for attachment to a base of an electric heating
apparatus for heating a vessel containing a substance, the top plate apparatus
comprising:

a stainless steel top plate comprising

a generally horizantal upper surface adapted to support the vessel, the
upper surface having a substantially centrally located concavity with a depth
and area generally sufficient to absorb upward crowning of the top plate when
heated,

an opposed lower surface, and

- an annular flange generally perpendicuiar to the lower surface and
extending away from an outer periphery of the lower surface;

a fastener having one end rigidly connected to the lower surface at a focation
near a center of the lower surface;

a heating unit positioned inside the flange and in a heat transfer relation to
the lower surface of the stainless steel top plate, the heating unit having a hole
receiving the fastener and at least one temperature sensor providing a feedback
signal representing a temperature of the stainiess steel top plate;

an insulator positioned inside the flange and comprising a hole receiving the

fastener; and

a compression plate positioned inside the flange and contacting the insulator,
the fastener contacting the compression plate and securing an assembly of the
stainless steel top plate, the heating unit, the insulator and the compression plate
inside the flange, and the compression plate comprising a plurality of fasteners
located near a periphery of the compression plate and adapted to be connect the
compression plate to a base unit, the base unit not being connectabie directly 1o the
stainless steel top plate by the plurality of fasteners, thereby permitting a generally

uniform expansion of the stainless steel top plate when heated.
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14.  The heating plate apparatus of claim 13 further comprising a seal between
the insulator and the compression plate and providing a generally liquid-tight seal
between the compression plate and the heating unit, the seal comprising a hole

receiving the fastener.

15.  The heating plate apparatus of claim 14 wherein the seal provides a thermal

barrier,

16.  The heating plate apparatus of claim 14 further comprising a plurality of

insulating spacers separating the heating unit from the insulator.

17.  The heating plate apparatus of claim 13 wherein the fastener comprises a
threaded stud and mating threaded nut.

18.  The heating plate apparatus of claim 13 further comprising a blocking
element rigidly connected at a generally noncentral location of the stainiess steel 1op
plate, the blocking element blocking a rotation of stainless steel top plate with

respect to the compression plate.

19.  The heating plate apparatus of claim 13 further comprising

a first structure on the stainless steel top plate; and

a second struciure on the compression plate, the second structure
cooperating with the first structure to prevent a rotation of the stainless steel top

plate with respect to the compression plate.
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20.  An apparatus for use with an electric heating apparatus for heating a vessel
containing a substance, the apparatus comprising:

a stainless steel top plate comprising
an upper surface adapted to support the vessel, the upper surface

comprising a substantially centrally located concavity having a depth and area
generally sufficient fo minimize any crowning of the top plate when heated,

a lower surface, and

a annular flange substantially perpendicular to the lower surface and
extending outward from an outer periphery of the lower surface;
a threaded stud having one end rigidly connected to a generally central

location of the lower surface; and

a pin rigidly connected at a generally noncentral location of the lower surface.



0000000000000




WO 2007/131030 PCT/US2007/068023

-

FIG. 3 5 |



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings

