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Wt TSI/ Thermal Interface Material

Fig. 1 Diagram of significant heat generated in electric devices[1]

[1] Ann, Modeling chips from atoms to systems, Semiconductor Eng. (2021). https://semiengineering.com/modeling-chips-from-atoms-to-systems/
[2] SOSA81, Thermal silicone gap pad. (SOSA81 Web), https://sosa81.com/thermal-pad/. Accessed 6 September 2023

Decreases thermal resistance

Fig. 2 Diagram of heat transfer with (a) air and (b) TIM[2]
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\WHELS SR/ e Thermal Interface Material

k of air = 0.02 W/m-K Heat passes through contact points k of TIM = 1-10 W/m-K

Heat sink

WU I Y

Heat sink Heat sink

BV S VY L 2 ) A PN & Y

Heat source Heat source Heat source

actual contact area < 10% actual contact area > 90%

k = thermal conductivity ( W/m-K)

Fig. 3 Diagram illustrating (a) the roughness of two contacting surfaces, (b) poor heat dissipation without TIM, and (c) efficient heat dissipation with TIM[3]

[3] K. Cancar, Thermal management 101: an introduction to thermal interface materials. (Laird Web, 2019), https://www.laird.com/sites/default/files/2023-06/Thermal%20Management%20101%20white%20paper.pdf. Accessed 19 September 2023
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Gap filler

TIM

i

Thermal grease Adhesives / Tapes

Fig. 4 Diagram depicting type of TIM (a) gap filler, (b) gap pad, (c) thermal grease, and (d) adhesives, tapes[4,5]

[4] Unitech, BHE{ 2] AFRI7H 8. (Unitech Web), https://www.unitechcorp.com/wp-content/uploads/2023/02/Gap-Filler.jpg. Accessed 9 September 2023
[5] Amogreentech, Thermal solutions. (Amogreentech Web, 2020). https://www.rellpower.com/manufacturers/amogreentech/. Accessed 9 September 2023
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Relay J/B & Bus Bar

DC-DC
Converter
& Inverter

Head Lamp OBC

Fig. 5 Diagram illustrating TIM used in the electric vehicles[5]

[5] Amogreentech, Thermal solutions. (Amogreentech Web, 2020). https://www.rellpower.com/manufacturers/amogreentech/. Accessed 9 September 2023
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Fig. 6 Diagram representing battery pack and underbody of the electric vehicles[6,7]

[6] The EV report, Panasonic Energy to Supply Lithium-lon Batteries for Lucid Air Luxury EVs. (2022). THE EV REPORT, https://theevreport.com/panasonic-energy-to-supply-lithium-ion-batteries-for-lucid-air-luxury-evs. Accessed 9 September 2023
[7] Charged EVs, 5 electric vehicle trends seen in 2022. (Charged EVs Web, 2022), https://chargedevs.com/whitepapers/5-electric-vehicle-trends-seen-in-2022/ -adhesives.html. Accessed 9 September 2023
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Battery pack Battery module

Fig. 7 Diagram illustrating (a) composition of a battery pack and (b) the parts where TIM is used in the electric vehicles[8]

[8] Hihyundaetransys, = 7| X} =& 7 2| 500kmA|CH, BHE{ 2] 2= H 1} 9HH 29, (Hihyundaetransys Web, 2022), https://blog.hyundai-transys.com/316. Accessed 9 September 2023

B Battery cell

B Cooling plate
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Importance of thermal management in battery system of xEV

Poor performance Thermal
Operating temperature runaway
20°C 40°C 80°C
Abuse conditions ——p Thermal propagation —p Thermal runaway
Electrical
Overcharge  Short circuit
Thermal -

External Overheat

Mechanical *:n H:I

Penetration Crash

Fig. 8 Diagram illustrating thermal runaway of battery cell according to temperature[9]

[9] D. Chartouni, M. He, A.M. Andersson, Safety and reliability of Li-ion batteries, pp. 1-8 in Proc. of the PCIM Eur. Digit. Days 2020; Int. Exhib. and Conf. for Power Electron., Intel. Motion, Renew. Energy and Energy Manag.; VDE, Germany. 2020.
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Purpose of this work

|. Fabrication of gap filler for thermal management of the battery system of xEVs

Fig. 8 Diagram representing application of TIM in the battery systems[5]
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Purpose of this work

Il. Fabrication of low density gap filler for lightweight TIM of xEV battery packs
Fig. 1: Market Trend for Lightweight Gap Filler Materials for EV Battery Packs

X 7
£
~
= o g
*> o
g > 5
g 4 Gap filler: 2 g/cm3 and 6.7 kg : o I=/.
_CC) ([
S 3 ’
©
e 2
)
= 1

0

0 1,5 2 2,5 3 3,5
Density [g/cm?]

*neg. ASTM D5470

Table. 1 Market trend for lightweight gap filler materials for EV battery packs[10]

[10] Wacker, Low-density thermally conductive gap filler for automotive xEv applications. (Wacker Web, 2021), https://www.wacker.com/h/medias/7883-EN.pdf. Accessed 20 September 2023
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Thermal Sheet Team
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Remarks

Assistant

Gyeonguk Yeo

Jimin Bhang
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Thermal Filler

Boron Nitride

MgO/Al,O,

Matrix PVB/DOP Silicone Resin
Processing Ball-milling - Tape Casting Planetary Mixing
Curing Drying RT cure
Thickness 250~500um 1mm <
Thermal Conductivity 7W/m-K 5W/m-K




