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THERMOELECTRIC MODULE WITH FASTENING ELEMENT
THERMAL ISOLATION FEATURE FOR VEHICLE BATTERY

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to United States Provisional Application

No. 62/173,472, which was filed on June 10, 2015 and is incorporated herein by reference.

BACKGROUND

[0002] This disclosure relates to a thermoelectric module used to cool a vehicle
component, such as a battery. In particular, the disclosure relates to thermal isolation features
within the thermoelectric module to improve heat transfer efficiency.

[0003] Lithium ion batteries are used in passenger and other types of vehicles to
provide power to electric motors that provide propulsion to the vehicle. Such batteries can
generate a significant amount of heat such that the battery must be cooled to prevent
performance degradation.

[0004] One type of vehicle battery cooling arrangement that has been proposed that
includes a thermoelectric module arranged beneath the battery and adjacent to a cold plate
assembly. The thermoelectric module includes thermoelectric devices that operate based upon
the Peltier effect to provide cooling adjacent to the battery. Heat transferred through the
thermoelectric device is rejected to the cold plate assembly, which may have a cooling fluid
circulated therethrough and sent to a heat exchanger.

[0005] It is desirable to design the thermoelectric module so as to efficiently
transfer heat through some components within the thermoelectric module while insulating other

components within the thermoelectric module.

SUMMARY

[0006] In one exemplary embodiment, a thermoelectric module assembly for
thermally conditioning a component includes first and second members that are spaced apart
from one another and are configured to respectively provide cold and hot sides. An insulator
plate is arranged between the first and second members. A thermoelectric device is arranged
within the insulator plate and is operatively engaged with the first and second members. A
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fastening element secures the first and second members to one another about the insulator plate
in an assembled condition. A thermal insulator is provided in one of the first and the second
members and is configured to receive the fastening element.

[0007] In a further embodiment of the above, the first and second members are
metallic and the insulator plate is a plastic.

[0008] In a further embodiment of any of the above, the fastening element is
metallic and the thermal insulator is non-metallic.

[0009] In a further embodiment of any of the above, the second heat member
includes a raised pad that supports the thermoelectric device.

[0010] In a further embodiment of any of the above, a thermal foil is arranged
between and in engagement with the pad and the thermoelectric device.

[0011] In a further embodiment of any of the above, the thermoelectric device is a
Peltier device.

[0012] In a further embodiment of any of the above, the insulator plate includes an
opening and the second member includes a protrusion that cooperates with the opening to
laterally locate the insulator plate and the second member relative to one another.

[0013] In a further embodiment of any of the above, the fastening element is a
threaded fastener secured to a threaded inner diameter of the protrusion.

[0014] In a further embodiment of any of the above, the insulator plate has at least
four discrete protrusions that surround the thermoelectric device.

[0015] In a further embodiment of any of the above, the first and second members
are first and second heat spreaders. The first and second heat spreaders and the insulator plate
are secured to one another to provide the thermoelectric module assembly.

[0016] In a further embodiment of any of the above, the first member provides a
heat spreader and the second member provides a cold plate assembly. The cold plate assembly
includes cooling passages configured to receive a coolant circulated through the cooling
passages.

[0017] In a further embodiment of any of the above, the thermal insulator is press-
fit into the second member.

[0018] In a further embodiment of any of the above, the thermal insulator is

threaded into the second member.
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[0019] In a further embodiment of any of the above, the fastening element is
threaded into the thermal insulator.

[0020] In a further embodiment of any of the above, the fastening element is press-
fit into the thermal insulator.

[0021] In a further embodiment of any of the above, an interface between the
fastening element and the thermal insulator provides a clamping load on the thermoelectric
device.

[0022] In a further embodiment of any of the above, the fastening element is
thermally isolated from the second member by the thermal isolator.

[0023] In a further embodiment of any of the above, the thermal insulator is a
washer that engages the first member.

[0024] In a further embodiment of any of the above, the thermal insulator is
integrated with the insulator plate.

[0025] In another exemplary embodiment, an insulating assembly includes an
insulator plate that includes a neck with an end. A component with a hole is aligned with the
end. A fastener is received in the hole and is secured to the neck. The fastener is configured to
plastically deform the end into engagement with the component during assembly and isolate

the component from the fastener.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The disclosure can be further understood by reference to the following
detailed description when considered in connection with the accompanying drawings wherein:

[0027] Figure 1A is a highly schematic view of a vehicle with a vehicle system
temperature regulated by a cooling system.

[0028] Figure 1B illustrates a cooling system that includes a thermoelectric module
assembly and a cold plate assembly.

[0029] Figure 2 is an exploded perspective view of a thermoelectric module

assembly.
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[0030] Figure 3A is a perspective view of the insulator plate mounted to a heat
spreader.

[0031] Figure 3B is a perspective view of the insulator plate and heat spreader
shown in Figure 3A with thermoelectric devices arranged within the insulator plate.

[0032] Figure 4 is a perspective view of the thermoelectric module assembly.

[0033] Figure 5 is a cross-sectional view of one thermoelectric module assembly.

[0034] Figure 6 is a cross-sectional view of another thermoelectric module
assembly.

[0035] Figure 7 illustrates a schematic cross-sectional view of another insulator
arrangement.

[0036] Figures 8-8D illustrates another schematic cross-sectional view of yet
another insulator arrangement.

[0037] Figures 9A-9Z depict various example insulator designs.

[0038] The embodiments, examples and alternatives of the preceding paragraphs,
the claims, or the following description and drawings, including any of their various aspects or
respective individual features, may be taken independently or in any combination. Features
described in connection with one embodiment are applicable to all embodiments, unless such

features are incompatible.

DETAILED DESCRIPTION

[0039] A vehicle 10 is schematically illustrated in Figure 1A. The vehicle 10
includes a vehicle system 12 that either needs to be heated or cooled. In one example, the
vehicle system 12 includes a battery 14, such as a lithium ion battery used for vehicle
propulsion that generates a significant amount of heat. Such a battery must be cooled during
operation otherwise the battery efficiency and/or integrity may degrade.

[0040] A cooling system 18 is arranged between the battery 14 and a DC/DC
converter 16 in a stack to remove heat from the battery 14 thus cooling the vehicle system 12.
The DC/DC converter 16 provides an electrical interface between the battery 14 and the vehicle
electrics. A cooling system 18 includes a thermoelectric module assembly 20 mounted to a cold
plate assembly 22 that is in communication with a cooling loop 24. A cooling fluid, such as

glycol, is circulated by a pump 31 within the cooling loop 24. Heat is rejected to the coolant
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via the cold plate assembly 22 through supply and return coolant lines 30, 32 that are connected
to a heat exchanger 26. A fan or blower 28 may be used to remove heat from the coolant within
the heat exchanger 26 to an ambient environment, for example.

[0041] A controller 34 communicates with various components of the vehicle 10,
vehicle system 12 and cooling system 18 to coordinate battery cooling. Sensors and outputs
(not shown) may be connected to the controller 34.

[0042] An example cooling system 18 is shown in more detail in Figure 1B. The
thermoelectric module assembly 20 includes a cold side 38 that supports a surface 36 of the
battery 14. An insulator plate 50 carries thermoelectric devices (shown at 58 in Figure 2) and
separates the cold side 38 (at the battery 14) from a hot side 40 (at the cold plate assembly 22).

[0043] The cold plate assembly 22 includes first and second cold plates 42, 44
secured to one another to enclose a network of fluid passages (shown schematically at 43) that
communicate coolant across the cold plate assembly 22 to receive heat rejected from the hot
side 40. A seal 41 may be provided between the thermoelectric module assembly 20 and the
cold plate assembly 22. The heated coolant is transferred to the heat exchanger 26, which may
be located remotely from the stack.

[0044] Referring to Figure 2, an example thermoelectric module assembly 20 is
shown in more detail. The cold and hot sides 38, 40 are respectively provided by first and
second members, such as first and second heat spreaders 46, 48. The insulator plate 50, which
is constructed from a plastic, is sandwiched between the first and second heat spreaders 46, 48,
constructed from metal, once assembled into a single unit that can be secured to the cold plate
assembly 22.

[0045] The insulator plate 50 includes apertures 52 within which thermoelectric
devices 54 are arranged. In the example, the thermoelectric devices utilize the Peltier effect to
provide a cold side adjacent to the first heat spreader 46 and a hot side adjacent to the second
heat spreader 48.

[0046] Insulator plate 50 includes formed wire channels 60 that receive wires 61 of
the thermoelectric devices 54 of the thermoelectric module assembly 20. In the example, three
Peltier devices are wired in series with one another.

[0047] A matrix of voids 62 is provided in the insulator plate 50 to reduce the

thermal mass of the insulator plate 50 and provide air gaps that insulate the first and second
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heat spreaders 46, 48 from one another. The voids 62 may be any suitable size, shape or pattern.
The voids may be deep recesses relative to the thickness of the insulator plate 50 (shown) or
extend all the way through the insulator plate 50.

[0048] The second heat spreader 48 includes raised pads 64 that extend upward
toward the insulator plate 50 to support the thermoelectric devices 54. The second heat spreader
48 can be eliminated and the thermoelectric devices 54 can be mounted directly to the cold
plate assembly 22, as shown in Figure 6 and described below. Returning to Figure 2, thermal
foils 66 may be provided between the thermoelectric devices 54 and the first and second heat
spreaders 46, 48 to ensure adequate engagement between the components for thermal
efficiency.

[0049] Referring to Figures 2 and 3A-3B, the insulator plate 50 includes locators
68, which may be openings. Protrusions 70 may be provided on, for example, the second heat
spreader 48 to locate the insulator plate 50 relative to the second heat spreader 48 during
assembly. In the example, fasteners 74 extend through holes in the first heat spreader 46 to
secure the stack of first and second heat spreaders 46, 48 and the insulator plate 50. The
protrusion 70 does not extend to the first heat spreader 46 so that a desired clamp load can be
applied to the thermoelectric device 54. The fasteners 74 are tightened to a predetermined
torque to provide desired clamp load on the thermoelectric device 54.

[0050] The fasteners 74, which are metallic, can create a thermal short between the
first and second heat spreaders 46, 48, which can significantly reduce the thermal efficiency of
the thermoelectric module assembly 20. Referring to Figures 4 and 5, the thermal insulator 86,
constructed from a non-metallic material such as plastic, for example, is arranged in the second
heat spreader 48 to thermally isolate the fastener 74 from the second heat spreader 48. Thermal
insulator 86 can be pressed or threaded into the protrusion 70. The fastener 74 is threaded into
a threaded inner diameter of the thermal insulator 86 to clamp the first and second heat
spreaders 46, 48 to one another, although a press-fit fastener can also be used.

[0051] As shown in Figure 6, the second heat spreader 48 can be eliminated and
the first heat spreader 46 can be secured to the cold plate assembly 22. In this example, the
thermal insulator 86 is installed in the first cold plate 42, which provides the protrusion 170

and the pad 164.
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[0052] Referring to Figure 7, the thermal insulator 186, such as a plastic washer, is
provided in between the heat spreader 46 and the head of the fastener 74. In the example shown
in Figures 8, the thermal insulator 286 can be integrated into the insulator plate 50 by a neck
91. An end of the thermal insulator neck 91 is deformed by the head of the fastener 74 during
assembly, as shown in Figures 8A-8D. As the fastener 74 is inserted into the neck 91, its end
spreads outward, which forms the washer-like thermal insulator 286. With this embodiment,
as compared with the embodiment shown in Figure 7, a separate washer is not used. Rather,
the washer is integrated into the insulator plate 50 to reduce the number of components and
simplify assembly.

[0053] Various example thermal insulator/washer arrangements are depicted in
Figures 9A-9Z, which generally illustrate similar embodiments to the example illustrated in
Figures 8-8D and described above. The left side of each Figure illustrates the neck prior to
insertion of the fastener and deformation. The right side of each Figure illustrates the neck
plastically deformed to provide the integrated thermal insulator/washer. The fastener is omitted
for clarity in some illustrations.

[0054] In the embodiments shown in Figures 9B-9D, slots are provided at the ends
of the necks to provide fingers that enable more defined opening of the end as the fastener is
inserted, requiring less force. An annular notch 94 is used to define the location at which the
washer is formed at the end of the neck. Figure 9D includes angular slots that better withstand
the torque of the screwing process.

[0055] Figures 9E and 9F respectively provide an interference fit between the neck
and the screw at either the top (Fig. 9E) or the bottom (Fig. 9F).

[0056] Figure 9G depicts a crown configuration with the notch 94. An inwardly
facing ramp has an angle P and is provided at an inner diameter of the end. When opened the
end is provided at an angle a. The angle o defines the chamfer or taper, and angle  defines the
opening properties of the thermal insulator as the fastener forces the end radially outwardly.

[0057] Figures 9H and 9l illustrate an arrangement in which the neck has an annular
groove 96 that creates a frangible connection. Torque from the fastener head applied to the
inner diameter of the neck during assembly will shear the end from the neck at the annular

groove 96.
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[0058] Multiple materials are used in the embodiment shown in Figure 9J. In one
example, material A is overmolded onto material B. Material B may be more easily plastically
deformed that material A, for example. The materials A and B may also be 3D printed, if
desired.

[0059] In the example shown in Figure 9K, the end is tapered inward at an angle o
to provide an inner diameter A that is sized to capture the fastener prior to final assembly. As
the fastener is threaded into the heat spreader or cold plate, the end opens up.

[0060] The thermal insulator in Figure 9M has a cross-sectional wall thickness that
varies substantially from the neck to the end. The end provides the thermally insulative function
with the heat spreader, and thus, thicker plastic is more desirable for this portion. A thinner
neck saves material, and thus, cost and weight. In Figure 9N, the top and bottom of the neck
may be plastically deformed during insertion of the fastener into the thermal insulator.

[0061] Generally cylindrical or frustoconical shapes have been shown in Figures 8-
9N. It should be understood, however that other shapes can be used, for example, polygonal,
such as a square (Fig. 90).

[0062] It may be desirable to control the ingress of debris into the interior of the
thermoelectric module assembly during assembly. A wall 98 can be used at one or both ends
of the neck to provide a seal. The wall 98 is pierced by the fastener during assembly.

[0063] In the examples shown in Figures 9Q and 9R, the neck can be clipped by a
tool 100 to form recesses 102 that can be used as a point of articulation for the end, frangible
connections or locating features used in assembly.

[0064] Multiple thermal insulators 386 are connected to a bottom end of a structure
106 by a frangible connection 96 to provide a sub-assembly 104, as shown in Figure 9S. Sprues
105 interconnect the structures 106 into a frame and provide a spacing that corresponds to the
spacing of the fasteners 74 (see Fig. 2) securing the thermoelectric module assembly together
when assembled. During assembly, a fastener 74 is received in each structure 106, and the
fasteners are threaded into the heat spreader or cold plate, which shears the thermal insulators
386 from their respective structures 106. The remainder 108 of the sub-assembly 104 can then
be discarded.

[0065] Figure 9T illustrates that a non-conical fastener head can be used to deform

the end of the neck. A thin clip 110 can be used to retain the fastener to the neck prior to
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assembly, as shown in Figure 9U. The end of the neck expands from a diameter A to a diameter
B upon tightening of the fastener, as explained in connection the embodiments described above.

[0066] A two-tiered fastening arrangement can be used, as illustrated in Figure 9V.
A first fastener 74 secures the insulator plate 50 to the second heat spreader 48, and a second
fastener 74 secures the first head spreader 46 to the insulator plate 50. This arrangement may
provide improved thermal insulation.

[0067] A metal coil insert 112 may be provided between the fastener 74 and the
neck 111, as shown in Figure 9W. In this manner, the relatively weak plastic threads of the
neck will not be damaged by the metallic fastener 74 during assembly.

[0068] Figure 9X illustrates an arrangement similar to that of Figures 9P and 9S.
The structures 106 are joined to one another at a desired spacing in a roll. A bottom wall 98 is
provided, which is pierced by the fastener during assembly. The wall 98 is detached by the
fastener 74 as it is tightened, and the remainder of the structures 106 and roll is discarded.

[0069] Figure 9Y is similar to Figure 9X in that the necks are joined in a roll. Any
number of fastener types can be used to secure the first heat spreader 46 to the insulator plate
50 and deform the ends, as described in the embodiments above.

[0070] A bulbous end 116 is provided that is shaped to encourage buckling of the
end as the fastener 74 is tightened from a distance D that is more than twice the wall thickness
of the end. As a result, the thickness of the insulation beneath the fastener head is effectively
doubled when the assembled, however, the initial diameter of the end is relatively small.

[0071] It should be understood that the arrangements shown in Figures 8 A-9Z can
be used for fastening and/or thermally, electrically, or mechanically insulating printed circuit
board or other non-thermoelectric devices. These arrangements create an insulating layer on
joint connections (e.g. screw, bolt, rivet) that form during assembly. Several washers, spacers
or screw/bolt/rivet head insulations can be integrated in a single part/frame and assembly step.
The disclosed designs allows self-centering of screws/bolts/rivets without a cone-shaped head
on the insulator.

[0072] In operation, an undesired battery temperature is detected by the controller
34. The thermoelectric devices 50 are powered to produce a cold side of the thermoelectric
device 54 that is transferred to the first heat spreader 46 adjacent to the battery 14 increasing

the temperature differential between these components and increasing the heat transfer
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therebetween. Heat from the battery is transferred from the first heat spreader 46 through the
thermoelectric device 54 to the second heat spreader 48. However, the isolator plate 50 acts to
prevent heat from being transmitted from the first heat spreader 46 to the second heat spreader
48. The thermal insulators 86 further prevent undesired heat transfer between the first and
second heat spreaders. The second heat spreader 48 rejects heat to the coolant within the cold
plate assembly 22. Coolant is circulated from the cold plate assembly 22 to the heat exchanger
26, which rejects heat to the ambient environment, and this heat transfer rate may be increased
by use of the blower 28.

[0073] It should be understood that although a particular component arrangement
is disclosed in the illustrated embodiment, other arrangements will benefit herefrom. Although
particular step sequences are shown, described, and claimed, it also should be understood that
steps may be performed in any order, separated or combined unless otherwise indicated and
will still benefit from the present invention.

[0074] Although the different examples have specific components shown in the
illustrations, embodiments of this invention are not limited to those particular combinations. It
is possible to use some of the components or features from one of the examples in combination
with features or components from another one of the examples.

[0075] Although an example embodiment has been disclosed, a worker of ordinary
skill in this art would recognize that certain modifications would come within the scope of the
claims. For that reason, the following claims should be studied to determine their true scope

and content.
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CLAIMS

What is claimed is:

1. A thermoelectric module assembly for thermally conditioning a component, the
assembly comprising:

first and second members are spaced apart from one another and are configured to
respectively provide cold and hot sides;

an insulator plate is arranged between the first and second members;

a thermoelectric device is arranged within the insulator plate and is operatively engaged
with the first and second members;

a fastening element secures the first and second members to one another about the
insulator plate in an assembled condition; and

a thermal insulator is provided in one of the first and second members and is configured

to receive the fastening element.

2. The assembly according to claim 1, wherein the first and second members are

metallic and the insulator plate is a plastic.

3. The assembly according to claim 1, wherein the fastening element is metallic

and the thermal insulator is non-metallic.

4. The assembly according to claim 1, wherein the second heat member includes

a raised pad supporting the thermoelectric device.

5. The assembly according to claim 4, comprising a thermal foil arranged between

and in engagement with the pad and the thermoelectric device.

6. The assembly according to claim 4, wherein the thermoelectric device is a

Peltier device.

11
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7. The assembly according to claim 1, wherein the insulator plate includes an
opening and the second member includes a protrusion that cooperates with the opening to

laterally locate the insulator plate and the second member relative to one another.

8. The assembly according to claim 7, wherein the fastening element is a threaded

fastener secured to a threaded inner diameter of the protrusion.

9. The assembly according to claim 7, wherein the insulator plate has at least four

discrete protrusions that surround the thermoelectric device.

10. The assembly according to claim 1, wherein the first and second members are
first and second heat spreaders, the first and second heat spreaders and the insulator plate

secured to one another to provide the thermoelectric module assembly.

11. The assembly according to claim 1, wherein the first member provides a heat
spreader and the second member provides a cold plate assembly, the cold plate assembly
includes cooling passages configured to receive a coolant circulated through the cooling

passages.

12. The assembly according to claim 1, wherein the thermal insulator is press-fit

into the second member.

13. The assembly according to claim 1, wherein the thermal insulator is threaded

into the second member.

14. The assembly according to claim 1, wherein the fastening element is threaded

into the thermal insulator.

15. The assembly according to claim 1, wherein the fastening element is press-fit

into the thermal insulator.

12
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16. The assembly according to claim 1, wherein an interface between the fastening

element and the thermal insulator provides a clamping load on the thermoelectric device.

17. The assembly according to claim 1, wherein the fastening element is thermally

isolated from the second member by the thermal isolator.

18. The assembly according to claim 1, wherein the thermal insulator is a washer

engaging the first member.

19. The assembly according to claim 18, wherein the thermal insulator is integrated

with the insulator plate.

20. An insulating assembly comprising:

an insulator plate that includes a neck with an end;

a component with a hole aligned with the end; and

a fastener is received in the hole and is secured to the neck, the fastener is configured
to plastically deform the end into engagement with the component during assembly and isolate

the component from the fastener.

13



WO 2016/200909 PCT/US2016/036406

26
ﬁ HEAT EXCHANGER

28

a
«—
L]
o
v L v L
o o~
N = o~
—
[Je) o0
o & |
~N LN |
[ <
9 ja— [T <«
-« o
\ﬁ_ o—\J 9
Nl N L

z4

- CONTROLLER




WO 2016/200909 PCT/US2016/036406

2/11

>20




PCT/US2016/036406

WO 2016/200909

3/11




WO 2016/200909 PCT/US2016/036406




WO 2016/200909

5/11

PCT/US2016/036406

74\ 70 [46 54 .
S/ ]
sejcﬂ H| 64~ | | |—| - 20
48 )
FIG.5
74j 170 /f46 (5
N/ ) 20

424




WO 2016/200909 PCT/US2016/036406

6/11
186 74 46
/S S
1YY ! 50
NN T 92092093
[ 48
FIG.7
46~ 74 286
%/ 7/ / o
4 I I
>\\\ | 150
N
FIG.8
'
Y v 46
A %3 74
| B9 91
150 T RIS TA—46
150
FIG.8A FIG.8B
741 2N
¥ A A 46
| _>-91 46
74 K pA40
150
150



WO 2016/200909

7/11

FIG.9C
A, A
[ VL

FIG.9D

PCT/US2016/036406




WO 2016/200909 PCT/US2016/036406

8/11

FIG.9
. st [fe Ji=
il FIG.90

FIGOK ~
98 98
0oy By
| j7nna 98
HG.9L FIG.9P *
A
FIG.OM

SSASNN\N\N




WO 2016/200909

100
zé 100
/70 ) | 1
102 | é

FIG.9U
46 74
74—/~7A . i C
I 50
48 A, I 445,

PCT/US2016/036406



WO 2016/200909 PCT/US2016/036406

10/11

112 74
111 i

FIG.OW

pZzzZ 1 [ vZZ2

AN

AN




WO 2016/200909 PCT/US2016/036406

11/11

=%

I ANNNN \>

-

)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/036406

A. CLASSIFICATION OF SUBJECT MATTER

INV. F28D15/00 F28F13/00
HO1L35,/30
ADD.

F16B43/00

F16B29/00 F16B5/02

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

F28D HOIM F28F F25B F16B HO1L

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X DE 101 96 995 B4 (OTKRYTOE AKTSIONERNOE 1-18
OBSCHEST [RU])
13 October 2005 (2005-10-13)
paragraphs [0036] - [0047]; figures 1,10
X CN 2 735 256 Y (CAO ZHONGHUA [CN]) 1-7,10,
19 October 2005 (2005-10-19) 12-18
A machine translated description of specific 8
embodiment;
figure 1
X CN 2 044 703 U (HAN WENFU [CN]) 1-3,10,
20 September 1989 (1989-09-20) 16,17
A abstract; figures 1,2 12-15
- / -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

13 September 2016

Date of mailing of the international search report

22/09/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Leclaire, Thomas

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/036406
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 5 784 890 A (POLKINGHORNE JOHN D [CA]) 1-7,10,
28 July 1998 (1998-07-28) 11,16-18
column 2, Tine 54 - column 4, line 45;
figures 1-3
Y DE 11 26 426 B (PHILIPS NV) 1-7,10,
29 March 1962 (1962-03-29) 11,16-18
A column 5, 1ine 60 - column 6, Tine 51; 12-15
figure 1
Y US 6 341 490 B1 (JONES CHRISTOPHER L [US]) 1-3,
29 January 2002 (2002-01-29) 10-12,
16-18
column 3, lines 1-50; figures 1-3
Y US 4 107 934 A (BEITNER SHLOMO) 1-3,
22 August 1978 (1978-08-22) 10-12,
16-18
A column 3, Tine 14 - column 4, line 13; 4-6
figures 2,3
X DE 20 2005 015190 U1 (TEXTRON 20
VERBINDUNGSTECHNIK [DE])
26 January 2006 (2006-01-26)
A paragraphs [0006] - [0021]; figures 1-2 7-9,19
A GB 2 039 387 A (PYE LTD) 1,6,10,
6 August 1980 (1980-08-06) 12-18
page 1, lines 76-115; figures 2,3
A AT 243 027 B (FISCHER ARTUR [DE]) 12-15
25 October 1965 (1965-10-25)
the whole document
A US 3 690 705 A (YGFORS GORAN) 12-15
12 September 1972 (1972-09-12)
the whole document
A DE 20 2010 010841 U1l (REINHAUSEN MASCHF 12-15
SCHEUBECK [DE])
15 November 2011 (2011-11-15)
the whole document
A DE 196 54 947 Al (ARM WOLFGANG [DE]) 12-15
20 August 1998 (1998-08-20)
the whole document
A US 20087117598 Al (HSU I-FENG [TW] ET AL) 7-9,19,
22 May 2008 (2008-05-22) 20
paragraphs [0002] - [0008], [0046],
[0047]; figures 1-7
A US 5 409 547 A (WATANABE HIDEO [JP] ET AL) 7-9,19,
25 April 1995 (1995-04-25) 20
figures 2,3,11

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




International application No.
INTERNATIONAL SEARCH REPORT PLT/US2016/036406
BoxNo.ll  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

—_

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

o

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




INTERNATIONAL SEARCH REPORT
International Application No. PCT/ US2016/ 036406

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-20

assembly comprising an insulator plate and a fastener or
fastening element

1.1. claims: 1-19
thermoelectric module assembly
1.2. claim: 20

insulation assembly




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2016/036406
Patent document Publication Patent family Publication

cited in search report date member(s) date

DE 10196995 B4 13-10-2005 AU 9040401 A 24-06-2002
DE 10196995 T1 06-11-2003
RU 2187052 C1 10-08-2002
WO 0248622 Al 20-06-2002

CN 2735256 Y 19-10-2005  ==-=-----mmmemmmmemecemeeeeoe-

CN 2044703 U 20-09-1989  NONE

US 5784890 A 28-07-1998 CA 2206745 Al 03-12-1997
us 5784890 A 28-07-1998
us 5809785 A 22-09-1998

DE 1126426 B 29-03-1962  NONE

US 6341490 Bl 29-01-2002 AT 311575 T 15-12-2005
AU 2002238119 B2 13-07-2006
CA 2409657 Al 12-09-2002
CN 1457418 A 19-11-2003
DE 60207688 D1 05-01-2006
DE 60207688 T2 21-09-2006
DK 1366327 T3 30-01-2006
EP 1366327 Al 03-12-2003
HK 1059466 Al 11-08-2006
JP 3878911 B2 07-02-2007
JP 2004519650 A 02-07-2004
KR 20030009461 A 29-01-2003
MX  PAD2010754 A 25-02-2005
us 6341490 Bl 29-01-2002
WO 02070967 Al 12-09-2002

US 4107934 A 22-08-1978 CA 1102885 A 09-06-1981
DE 2732321 Al 02-02-1978
FR 2360052 Al 24-02-1978
GB 1589893 A 20-05-1981
GB 1589894 A 20-05-1981
JP 55315660 A 13-02-1978
SE 422994 B 05-04-1982
us 4107934 A 22-08-1978
us 4143711 A 13-03-1979

DE 202005015190 U1 26-01-2006 AT 462890 T 15-04-2010
DE 112006003245 A5 04-09-2008
DE 202005015190 Ul 26-01-2006
DK 1929161 T3 26-07-2010
EP 1929161 Al 11-06-2008
EP 2180197 A2 28-04-2010
ES 2341999 T3 30-06-2010
PT 1929161 E 18-06-2010
WO 2007033663 Al 29-03-2007

GB 2039387 A 06-08-1980 CA 1150364 A 19-07-1983
DE 3070633 D1 20-06-1985
EP 0013584 Al 23-07-1980
GB 2039387 A 06-08-1980
JP $5595119 A 19-07-1980
us 4310047 A 12-01-1982

AT 243027 B 25-10-1965  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2016/036406
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 3690705 A 12-09-1972  DE 7008143 U 02-07-1970
GB 1304096 A 24-01-1973
SE 360588 B 01-10-1973
US 3690705 A 12-09-1972

DE 202010010841 U1 15-11-2011  NONE

DE 19654947 Al 20-08-1998  DE 19612944 Al 02-10-1997
DE 19654947 Al 20-08-1998

US 2008117598 Al 22-05-2008  TW 200823632 A 01-06-2008
US 2008117598 Al 22-05-2008

US 5409547 A 25-04-1995 AU 667747 B2 04-04-1996
AU 676811 B2 20-03-1997
AU 4335696 A 02-05-1996
AU 4882193 A 21-04-1994
DE 69318663 D1 25-06-1998
DE 69318663 T2 10-09-1998
EP 0592044 A2 13-04-1994
EP 0838868 A2 29-04-1998
JP 3451107 B2 29-09-2003
JP HO6174329 A 24-06-1994
US 2409547 A 25-04-1995

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	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 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - wo-search-report
	Page 27 - wo-search-report
	Page 28 - wo-search-report
	Page 29 - wo-search-report
	Page 30 - wo-search-report
	Page 31 - wo-search-report

