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1 Introduction
Objectives of WP4
The goal of this work-package is to define and develop the cooling system of the BP. This will be a hybrid
system composed of heat conducting elements and a heat exchanger. The devices will be specifically designed
for thermal balancing and some other structural components that will support the thermal behaviour of the
whole system.
•
•

A suitable combination of heat sinks and cooling plates will be designed as main actors of the cooling
system.
As ancillary devices for the BP thermal balancing, the BP cover and BP bulk parts will be customized by
using a thermoplastic material already developed by RSC.

The target of this work package is to optimize the devices closely attached to the BP, that is, the cooling plates,
pipelines and heat sinks. Then commercial ancillary elements such as pumps, chillers, radiators, etc. will be
selected accordingly and purchased. Together with the HW development, the thermal management strategy
will be defined. The achieved thermal management strategy will be implemented in a currently existing BMS.
Finally, in WP6 this system will be integrated in each of the two available electric vehicles: Renault Zoe and
e.GO Life.
The evaluation of the concepts aiming to improve the modularity and the energy density of the BP, by
considering the assembly and disassembly of the modules, are led by RWTH and Miba. The combination of the
Hybrid Cooling Module concept proposed by Miba (see Deliverable 4.1) as main contributor and the thermal
conductive thermoplastic (RSC) or commercial gap filler (CCB) in direct contact to cells concept will be
evaluated.
To summarize, the work included in this Deliverable focuses on two main components at two different levels
on the Battery Pack:



The Flex contact (gap filler) at the module level
The cap at the Battery Pack level

The main steps followed as well the main results obtained so far are presented in sections 2 and 3
respectively. Finally, we will find a conclusion on work performed during these ten months and the work to
come next.
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2 Work performed
Main activities have been performed on these two parts of the battery pack:



The Flex contact (gap filler) at the module level
The cap at the Battery Pack level

2.1 Work performed on the Flex contact (gap filler)
The requirements for the Flex contact (gap filler) have been defined with the help of TYVA and MIBA.

2.1.1 Customization of the thermoplastic material
 Formulation
In order to fulfil Flex contact requirements, RSC works on several formulations based on different matrix and
thermal conductive fillers (see § 3.1.2.1)
 Characterization
Measurement of Thermal Diffusivity & Thermal Conductivity
As we can see in the Figure 1, there is a variety of test methods to characterize the thermal behaviour of
different materials and configurations. For ceramics, metals, composites, and multi-layer systems, the flash
technique is a good choice.

Figure 1: Methods for measuring Thermal Conductivity

Therefore, diffusivity (a) have been measured on disks of D=10mm and Thickness=3mm on injected coupons.
Specific heat (cp) and density (ρ) have been also measured in order to calculate thermal conductivity (λ) with
eq 1.
Thermal diffusivity is measured following the well-known flash method using a Nano-Flash-Apparatus LFA 447
device. In this method, the front side of a plane-parallel sample is heated by a short light pulse. The resulting
temperature rise on the rear surface is measured using an infrared detector. By analysis of the resulting
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temperature versus-time curve, the thermal diffusivity can be determined. All measurements have been
performed at 23°C.
By measuring thermal diffusivity (a) of a material, its thermal conductivity (λ) can be determined if specific
heat (cp) and density (ρ) are known.
λ(T) = a(T) · cp(T) · ρ(T)

(eq 1)

Therefore, diffusivity (a) have been measured on disks of D = 10mm and Thickness = 3mm on injected
coupons. Specific heat (cp) and density (ρ) have also been measured in order to calculate thermal conductivity
(λ) with eq 1
Dynamic Mechanical Analysis (DMA)
The thermos-mechanical behaviour of the thermoplastic material has been studied by performing Dynamic
Mechanical Analysis with a Metravib. The experimental analyses are based on tensile tests performed
between -10 °C and 70 °C at 2 °C/min for the “gap filler” materials candidates and between -10 °C and 150 °C
at 2 °C/min for the “BP cap” materials candidates. The aim was to evaluate the mechanical properties in this
range of the expected operating temperature.
Electrical Resistance
Electrical resistance (R) defines the hindrance to the flow of electric charges within a medium. Note that the
measure of this hindrance is related to the geometrical properties of the conducting body (section and length)
and a property of the material, i.e. resistivity (ρr). The electrical resistance (R) of the thermoplastic formulations
have been measured to give an order of magnitude of the electrical insulation of the material.

2.1.2 Evaluation of different manufacturing process for the thermoplastic material
As for iModBatt project an estimation of more than 2000 gap fillers are expected, different possibilities of
manufacturing Flex contact are being evaluated in the frame of iModBatt project. PRO has also been consulted
to evaluate which form will be more adequate for an automatic process of assembling and disassembling.
 3D printing: Printing a sleeve (hollow cylinder) or “special geometry” proposed by MIBA
 Calendering of films: Another solution is producing flat material roll it around the cell/the heat-pipe
 Injection moulding: Another solution is to inject the Flex contact (gap filler) with an injection
moulding press. Rescoll proposed to work on the development of a mould produced by 3D printing
to inject some “star form sleeves” to prove the concept at laboratory scale. Keep in mind that if this
proof of concept is validated, it means to subcontract the conception and manufacturing of a metal
mould.

2.1.3 Evaluation of an Alternative thermal conductive material
For the same reason as in § 2.1.2, market available thermal conductive materials have been investigated.
MIBA and RSC selected some commercial materials as well as CCB who was in charge of the thermal pad
benchmarking.
RSC has characterized the thermal conductivity of commercial pads suggested by CCB references in order to
compare performance. Moreover a comparative table has been created to evaluate thermoplastic thermal
conductive material and commercial available (see Table 2 in §3.1.4).
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2.2 Work performed on the BP cap
The battery cover (cap) could be used as part of the cooling system. It is being analysed if the cap will be made
of a thermoplastic material in order to enhance the overall cooling system. For this, the cap shall be closely
attached to the bulk of the BP so that conductivity is favoured vs. convection through the air, which would be
minimised.




The requirements for the BP cap have been defined with the help of OEM’s: REN & EGO.
HEX worked on the design of the REN BP cap. Mechanical simulation will follow as well as work on
EGO cap design.
Once cap requirements were defined, RSC started working on the material development for the cap.
In order to fulfil requirements, RSC works on several formulations based on different matrix and
thermal conductive fillers (see § 3.2.3.2).

2.2.1 Manufacturing of the BP cap
2.2.1.1

BP cap manufacturing in the frame of iModBattproject

The use of 3D printing technology for trial tests was abandoned. As caps for BP prototypes will be
manufactured by thermoforming, effort is focused on the development of a material adequate for
thermoforming. Definitively, we cannot have the same material for 3D printing process and thermoforming
since the requirements are different.
RSC has started studying the thermoforming process and a presentation was diffused to take into account
thermoforming constraints in the design.
2.2.1.2

BP cap Industrial manufacturing

RSC, supported by HEX will define the next steps towards industrial manufacturing technologies such as
moulding technologies in order to bridge the gap between the achieved thermoformed BP cap and the final
product. RSC is evaluating the feasibility and cost of obtaining the BP cap by injection moulding

D4.3 Thermal conditioning secondary components design.docx | imodbatt@cidetec.es

Page 7/24

Industrial Modular Battery Pack Concept Addressing High Energy Density,
Environmental Friendliness, Flexibility and Cost Efficiency for Automotive
Applications
Grant Agreement No. 770054

3 Results and discussion
3.1 Results regarding the Flex contact (gap filler)
Some data related to the use of the gap filler and its assembly has been already reported in D4.2, so this
deliverable will focus on the properties of the material and its characterization.

3.1.1 Definition of the requirements for the Flex contact (gap filler)
The main requirements regarding the Flex contact (gap filler) are listed below:




Operating temperature : -10 °C – 60 °C
Mechanical requirements: It should both flexible and compressible to assure a good contact
The design of the Flex contact (gap filler) – see D4.2.

3.1.2 Customization of the thermoplastic material
3.1.2.1

Formulation

Two TPU thermoplastics references and one Technomelt PA have been studied as these materials are part of
the most flexible materials in the thermoplastic family. Different kind of fillers have been studied: two
Graphite based references and one Boron Nitride based reference.
3.1.2.2

Characterization

Measurement of Thermal Diffusivity & Thermal Conductivity
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Figure 2: Evolution of the Thermal conductivity with filler content for different loaded polymers
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As we can see in the graphic shown in Figure 2, Graphite is more effective in terms of thermal performance
than Boron Nitride. Between the two references of Graphite, we noted that ref2 is more performant.
Moreover, as the material should be as much more flexible, we studied a second reference (TPUref2) of TPU
plastic more flexible than TPUref1. As we can see, thermal conductivity is not too much impacted and thermal
conductivity follows the same tendency as with TPUref1.
In order to evaluate the stiffness of the different formulation in the operating temperature interval, DMA tests
have been performed.
As we can see in the graphic in Figure 3, stiffness increases with the addition of filler and so the thermoplastic
becomes less flexible. We can also observe that E’ decreases with increasing temperature. Moreover, TPU ref2
is much more flexible than TPUref1. This why this reference of TPU will be retained for the next steps of work.
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Figure 3: Evolution of the Young modulus (E’) with Temperature for filler concentration

3.1.3 Evaluation of different manufacturing process for the thermoplastic material
3.1.3.1

3D printing:



Pros :
o Possible to print the geometry proposed by MIBA (star formed sleeves) considering a
minimum thickness



Cons:
o Minimum thickness > 0.8 mm (> 1 mm is preferable)
o The printing of the Flex contact will be limited by the feasibility of the filament conformation
as well as by its printability. In general, the higher the concentration of the filler, the higher
the thermal conductivity is, but the less feasible it is to winder the material and print it. The
only printable formulation showed a thermal conductivity of 0.8 W/mK measured by flash
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o
3.1.3.2

method on injected coupons. Moreover, 3D printing could produce mesovoids (porosity) in
the printed objet that reduces the thermal conductivity.
Long time to produce 2000 pieces (500 hours of non-stop printing)

Calendering of films:

Another solution is producing flat material that can be wrapped around the cell/the heat-pipe.

Figure 4: First samples of thermal conductive
thermoplastics shared with Miba by RSC

o Pros:
 Feasible to obtain small thickness (around 500 m)
 Higher concentrations than with 3D printing process
reachable
o Cons:
 Difficult to handle: Find a way to wrap films around heat
pipes
 Not the best solution for automatized assembly process
 Less contact surface with cells
 The feasibility of implementing the film is also limited by
the filler concentration (Reachable thermal conductivity
around 1.8 W/mK measured by Flash method on injected
coupons)

Next table shows some films developed by RSC. Some additional films have also been produced with
Technomelt PA / Graphite_ref2 material, but these ones show less cohesion, so tendency to tear easily.
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Table 1: Results of calendering films
Conductive filler
concentration
(%)

15


3
(g/cm )

1.34

Thermal
conductivity
(W/m.K)

0.8

Electric
resistance
(MΩ)

>500

Production of filament
and 3D printing
feasibility

Feasibility of the 3D
printing but 3D printing
parameters has to be
optimized, (rough surface
due to the filler);
minimum thickness: 1mm

Production
of films

Comments

Very flexible, when folded the film
does not break
Feasible
(300 mm)

Bit stiffer than 15%, it does not
break when folded
TPU ref1 /
Graphite_ref2

30

1.45

1.8

>500

Feasibility of the
production of the
filament, printing not
feasible

Feasible
(400 mm)

More fragile than the others, can
be rolled up but breaks when
folded
40

1.53

3.8

100

D4.3 Thermal conditioning secondary components design.docx | imodbatt@cidetec.es

Not feasible

Feasible
(550 mm)

Page 11/24

Industrial Modular Battery Pack Concept Addressing High Energy Density,
Environmental Friendliness, Flexibility and Cost Efficiency for Automotive
Applications
Grant Agreement No. 770054

3.1.3.3

Injection moulding

RSC is also evaluating the possibility to obtain tubes or star form geometry proposed by MIBA by injection
moulding. As a proof of concept, a 3D printed mould would serve to produce a dozen of pieces in a mini
injection moulding press and allow MIBA to test them. In parallel, we are waiting for a subcontractor
quotation to create a mould for an automatic injection moulding press.

Figure 5: 3D printed mould





Pros :
o Possible to inject the star form sleeves proposed by MIBA
o Thermal conductivity was measured on coupons obtained by injection moulding. With this
process it should be possible to use higher filled formulation, what means higher thermal
conductivity reachable
o More compatible with automatic assembling process
Cons:
o 3D printed mould is a novel technology so it takes time to optimize the mould design
o Still problem of good contact with cells and heat pipes because of tolerances
o Need to manufacture a metal mould if the concept of thermoplastic star form sleeve is
validated

3.1.4 Evaluation of alternative thermal conductive materials
Additionally, MIBA, RESCOLL and CCB selected, purchased and evaluated some commercial gap filler pads as
reported in D4.2.
In the iModBatt project, the use of thermal interface materials or thermal pads, as they are more commonly
known, is investigated. Thermal pads are used in places, where there is no physical contact between two heat
transfer surfaces such as a source of heat like a battery and a heat exchanger designed to absorb heat
generated by the battery cell during charging or discharging. Thermal pads are also very useful where there is
poor or little contact between the battery and the heat exchanger because the thermal pad can be
compressed by up to 70% to ensure a good contact. Thermal pads, which are usually made of silicone or boron
nitride based rubbers, have good thermal conductivities in the range of approx. 1 to 6 W/mK, which is much
higher than that of air, which is just 25 mW/mK at 18 C and normal atmospheric pressure. Hence, they ensure
a rapid and efficient transfer of heat between the hot surface of the battery cell and the heat exchanger.
After testing, one of these materials will be selected and compared with the thermoplastic materials that
Rescoll develops in the project.
A file to evaluate thermoplastic thermal conductive material and commercial available material has been
created and a simplified version is shown in the table below.
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Table 2: Comparison between thermoplastic and commercial available thermal conductive materials

RSC Ref

name

supplier

description

composition

W/(m*K)
Data sheet

W/(m*K)

(g/cm³)Data
sheet

(g/cm³)Measured

diffusivity
(mm²/s)

Cp
J/(kg*K)

Volume
Resistivity
(ohm-cm)

67

T-flex
6120

Laird
Technologies

pad

Boron nitride
filled silicone
elastomer

3

1.58

1.34

1.19

1.03

1,3

2x1013

3.2

1.88

2.42

2.52

0.83

0,9

>1013

69

H48-6

T-Global

pad

Silicone based
(80% silicone,
10% Aluminium
oxide, 10% Iron
oxide)

Sample
not
received

Pad
5519

3M

pad

Silicone based

5

/

3.1

/

/

/

70

TCP 300

SG

pad

Silicone based

3

1.75

3

2.88

0.59

1,03

≥3x1012

Sample
not
received

Thermal
sleeves YR-C

Thermal
sleeve

Fine heat
conductive
particles are
mixed with
insulative
silicone rubber

4 (Selon
ASTM
D2326 (Hot
Wire))

/

2.8

/

/

/

1x1015

Thermal
sleeve

Fine heat
conductive
particles are
mixed with
insulative
silicone rubber

/

1x1014
(0.2mm)
1x1015
(0.3mm)
1x1015
(0.45mm)
1x1015
(0.85mm)

OSCO

66

Thermal
sleevesYR-A

OSCO

68

Pad
5589
H15

3M

2.2 (Selon
ASTM
D2326 (Hot
Wire))

/

2.6

/

Measure
not
possible

2

/

/

/

Measure
not
possible
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62

RSC

Compound

Graphite (15%)
based TPUref2

0.69

1.23

0.34

>500M
ohm

63

RSC

Compound

Graphite (20%)
based TPUref2

0.98

1.25

0.51

>500M
ohm

1.3

1.29

0.62

1.89

1.37

1.09

64

RSC

Compound

Graphite
(25%)based
TPUref2

65

RSC

Compound

Graphite
(35%)based
TPUref2
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As we can see in the graphic shown in Figure 6, for the three commercial references analysed, the thermal
conductivity obtained by diffusivity measured by Flash method is always lower than the conductivity given by
the manufacturer in the data sheet theoretical one and equivalent to the thermoplastic formulation
containing 35% of Graphite. In general, Boron nitride and Graphite conferee anisotropy to the final compound
due to their alignment during transformation process.
One hypothesis could be that RSC is measuring the “through-plane” thermal conductivity which is lower than
“in plane” thermal conductivity (see §3.2.3.1)
In addition, the difference from data sheet values and RSC measurement can from the measurement method.

3MPad 5519
Thermal sleeves-YR-C

Thermal sleeves-YR-A
TCP300
3M TGlobalH48-6
3M 5589H15
Sample Tflex6120
TPU ref2/Graphite_ref2 (35%)
TPU ref2/Graphite_ref2 (25%)
TPU ref2/Graphite_ref2 (20%)
TPU ref2/Graphite_ref2 (15%)

0,00

1,00

2,00
3,00
Thermal Conductivity (W/mK)

Data sheet thermal conductivity

4,00

5,00

RSC measurement

Figure 6: Thermal conductivity of thermoplastic and commercial available thermal conductive materials
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3.2 Results regarding the cap
3.2.1 Requirements for the BP cap
Requirement specification document was finalized in July 2018:
Table 3: Cap requirement for REN cap

No

Requirement

Value

Inputs from

8.1

Mechanical
requirements (tensile,
bending, impact,
stiffness properties)

Mechanical properties of PP30%GF should be
sufficient for the application. The mechanical
function (chock resistance) will be assured by the
structure (base plate)

REN

8.2

Operating temperature
of the BP cap

To be thermally stable to a minimum of 100°C (for
short periods) The Service Temperature will stay
under 100 °C : <= 65 °C.

REN

8.3

Fire resistance
specifications

Not specific requirement about fire resistance of the
BP cap fire resistance 5 minutes

REN

8.4

Electric properties

The Bp cap could be electrically conductive but we
should find a good way to evacuate the electric
charges (good contact with metal base plate). The
main problem concerns electromagnetic
interferences. A solution could be to add an
Aluminum foil or a metal varnish

REN

8.5

Ageing conditions

The BP cap is protected from cooling fluids as they
circulate through tubes. The only fluid is water from
rain (not very critical)

REN

8.6

Configuration

Not individual casing per module, only the global BP
cap is planned

All partners

8.7

Other

IP68 protection index, vibration at 30 HZ
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Table 4: Cap requirement for EGO cap

N
o

Requirement

value

value/inputs
from

8.1

Mechanical
requirements
(tensile, bending,
impact, stiffness
properties)

The mechanical function will be assured by the structure (base
plate) and the BP cover will have only the function of sealing and
thermal conductivity. There is no mechanical impact from above
the battery cap so there is no required minimum resistance in
this direction. As you stated in the description the mechanical
requirements of the whole battery pack are addressed solely by
the battery base plate.

EGO

We are working on that to find a solution regarding the
thermoforming process.

EGO

The battery cap should be able to be thermally stable to a
minimum of 100°C (for short periods)
The Temperature will stay under 100 °C : <= 65 °C.

EGO

The fire resistance should be according to the US standard UL94
V0, which is I think self-extinguishing within 10 seconds.

EGO

8.2

8.3
8.4

Thermoforming
process
specifications
Operating
temperature of
the BP cap
Fire resistance
specifications

8.5

Electric properties

8.6

Ageing conditions

8.7

Configuration

It is ok when the BP cap is electrically conductive, but we have to
find a way to insulate the cap in another way. Possible solutions
for the project would be an adhesive foil or varnish. This
solutions though, have to be quite resistive to mechanical
impacts from within the battery pack
As the battery pack is on the bottom side outside of the vehicle
there is the possibility of humidity finding its way to the battery
cap. So the material you create should be in some way resistive
to humidity. There is no direct contact with splashing water, but
the zone can have a quite high level of humidity.
Not individual casing per module, only the global BP cap is
planned
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3.2.2 Description & Design of the Cap
In the scope of the project, the cap designed by HEX is only a cover for the battery but it is used also for air
guiding. HEX used a cap similar to Renault Zoe, but slightly larger. The cap will be mounted on the base plate
with common bolts at the same points as the Zoe battery’s cap. You can see the dimensions of the cap in the
picture below (Figure 8). The idea is to include this cap as part of the thermal cooling system if a suitable
material (commercial or own made) is found after the material properties and manufacturability analysis.

CAP

AIR DUCT

Figure 8: Cap dimensions
Figure 7: Cap and Air Duct

The more complex Renault Zoe is analysed and then the design of e.GO BP will follow.

3.2.3 Material development
3.2.3.1

About thermal conductivity of polymers

Since polymers are inherently thermally insulating (<0.5 W/m.K), conductive fillers have to be added in order
to provide the requested thermal conductivity. Graphite-based fillers are known to be the most effective
conductive additives for polymers, combining the best features in terms of performance and price.
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Figure 9: In-plane thermal conductivity of a PA in comparison to steel and Al

The question is related to how much conductivity can be reached with graphite filled plastics. Compounds with
graphite additions can increase thermal conductivity well above 10 W/mK in the in plane component. As a
reference, stainless steel has a thermal conductivity of 15 W/mK. The ”through-plane” thermal conductivity is
about half of the longitudinal “in-plane” thermal conductivity.
These results indicate that the anisotropy of the graphite particles is conferred to the final compound, due to
their alignment during the injection moulding process. This is an important property that has to be taken into
account by design engineers.

Figure 10: Differences between in plane conductivity and through plane conductivity
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Figure 11: Thermal conductivity of a generic graphite loaded compound

Of course, the thermal conductivity strongly depends not only on the sample orientation (direction) during the
measurement, but also on the type of polymer, the sample history (type and conditions of compounding and
processing) and the measurement method.
3.2.3.2

Customization of the thermoplastic material

Regarding OEM’s specifications, we retain basically 2 main polymers candidates for final application: ABS-PC,
PC. Two Graphite references have been tested. We have started studying:
The influence of the Graphite type & level of concentration into Material’ Thermal Properties
The thermomechanical behaviour of materials  Influence of the temperature into Young Modulus (E’Stiffness of the material) and into the glass transition temperature (Tg- index of thermal resistance)

Figure 12: Twin screw extruder (left) and thermal conductive compound (right)

The evolution of the thermal conductivity with Graphite concentration for different polymers tested
previously is presented in Figure 2. As we can see, with the same reference of Graphite (ref2), the polymers
ABS and ABS/PC present better thermal performances than HIPS. The combination PP and Graphiteref2 seems
to be not a good solution.
It should be noted that these tests were performed before having the requirements of OEMs. Therefore, these
results need to be completed with ABS-PCV0, PCV0.
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Figure 13: Evolution of the Thermal conductivity of different loaded compounds

In order to evaluate the stiffness of the different formulation in the operating temperature interval, DMA tests
have been performed (see results in Figure 14).
As it is logic, stiffness increased with the addition of filler and so the thermoplastic becomes more rigid.
Moreover, the Tg is slightly increased with the filler content which means that loaded polymer would be more
thermal resistant.
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ABS 30% Graphite ref_2
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Figure 14: Evolution of the Young modulus with temperature of different ABS formulations
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3.2.4 Manufacturing of the BP cap
3.2.4.1

BP cap manufacturing in the frame of iModBatt project

RSC has started studying the thermoforming process and a presentation was diffused to take into account
thermoforming constraints in the design.
1

Thermoforming – General information







2

Definition: Heating a 2D thermoplastic sheet and give it a 3D shape
The heating plates are usually made in ceramic or halogen made
Regarding the mould, the material choice depends on the production volume:
o Low volume: wooden mould
o Medium volume: iron shot mould / resin
o Large quantity: aluminium
There are usually 1 mm diameter holes for air circulation
Regarding the cooling system, air fans are located on the corners
Thermoforming can use the technology of bubbling

Thermoforming: effects of bubbling

Advantages:



create a stronger average
thickness
improve the final material
repartition

Drawbacks:



suitable
for
positive
forming only
risk of wrinkling after air
aspiration
Figure 15: Thermoforming without
bubbling

Figure 16: Thermoforming with
bubbling

Moreover, RSC has already experience on thermoforming Carbon fibre reinforced Polycarbonate. We
observed defaults (see Figure 17) formed during hot stretching during bubbling. These defaults involve the
impossibility to apply the air vacuum so to obtain the thermoformed part.
The main risk is iModBatt project is finding the same problem with Graphite particles.
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Figure 17: Defaults during thermoforming of CF/PC material

3

Solutions


Optimize polymer / filler adhesion  time consuming




Reduce bubbling (be careful drawbacks the thickness of the object will not be homogeneous)
Integrate this constraint into the design Example: Use more important thickness (to minimize
porosity effects)

3.2.4.2

BP cap Industrial manufacturing

RSC is evaluating the feasibility and cost of obtaining the BP cap by injection moulding. Attention:
manufacturing by this technology not planned in this project. It is with injection moulding that we probably
obtain the best properties in terms of thermal conductivity.
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4 Conclusions
This report summarizes the work performed as well as the main results obtained by the end of September
2018 regarding the secondary components of the cooling system. These secondary components concern the
Flex contact (gap filler) at the module level as well as the cap at the BP level.
Conclusions for the Flex contact (gap filler) are as follows:








Among the three polymer references and the Graphite and Boron Nitride based tested fillers, the
formulations TPU ref_2 / Graphite ref_2 are those, which show the best trade-off between thermal
performance, flexibility and cohesion. It has also been shown that stiffness increases with filler
content and so the thermoplastic becomes less flexible but decreases with increasing temperature.
The electric resistance has been measured for these formulations and must be validated by TYVA.
Regarding the evaluation of the three potential manufacturing processes for the gap filler, it would
appear that injection moulding is the better alternative for the project although a relevant bottleneck
could be the perfect contact between components. It is now necessary to be able to produce several
“star form sleeves” which could be tested by Miba in its test rig and validate the concept with thermal
simulations. If the concept works, next step could consist to produce a metal mould.
As bottlenecks of this concept regard the availability in time of Gap fillers (necessity to subcontract a
mould) & the contact between components; MIBA, RESCOLL and CCB selected, purchased and
evaluated some Commercial gap filler pads. It appears that for the three commercial references
analysed (TG Global H48-6, TCP 300, Tflex 6120), the thermal conductivity obtained thanks to
diffusivity measured by Flash method is lower than value appearing in Data Sheets and equivalent to
that off the TPU_ref2 / 35% Graphite ref2.
Next steps will be to evaluate the best solution for the next steps of the project in terms of: good
contact between components, thermal conductivity, weight, availability for the prototype (time
factor), feasibility to assemble and dissemble, price, etc.

Conclusions for the BP cap:






The requirements for the BP cap have been defined with the help of OEM’s: REN & EGO.
HEX designed the REN BP cap. Mechanical simulation will follow as well as work on the e.GO cap
design.
As the cap for prototypes will be made by thermoforming (in the case of iModBatt project) and
probably by injection moulding in the case of a future industrialization, the development of a
functional (thermal conductive) material for 3D printing was not performed. Effort has concentrated
on the development of a material that could be processed by thermoforming mainly and on the study
of the potential thermoforming process constraints as a cap is mandatory for the project.
In the meeting in Vienna from October 9th to 10th 2018 it is planned to discuss if the BP cap will have a
thermal role in both BP (REN & EGO), which simulations could be done and which could be the options
in case of the thermoforming of a loaded cap would not work.

Regarding milestones linked to this Deliverable:
Table 5: MS linked to this Deliverable
MS

MS header

Related
WPs

MS

Definition of the definitive cooling
system

WP4

Est. Date
(Month)

Est. Date
(Date)

Description of executed activity

M15

31/12/2018

Development of the secondary components of the
cooling system
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