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2a. Thermal challenges batttery cooling

1. Battery performance heavily effected by internal temperature and
temperature differences between cells and modules.

Heat generated by:

Reaction heat Qr

Polarisation heat Qp

Joule heat Qj

Qt=Qr+Qp+0Qj

Joule heating in the busbar, interconnects and in the cells
Keep temperature uniform at 35-40°C max

0 N O U S

For more interesting data see paper:
Study on the thermal interaction and heat dissipation of cylindrical Lithium-lon
Battery cells

E¢Ronics
21-24 August 2017 ICAE2017, 21-24 August 2017 By Yuqi Huang and others i




2a. Example

1.

Assume battery electrical resistance is 1.5mOhm (3P4S spec sheet) fast-
charge with 200A (50A/cell) versus 400A(100A/cell)

Pd=20072%0.0015=60W / module, assume the full battery pack exist
out of 48 modules, Pd=48+x60=2880W/

Pd=40072%0.0015=240W assume the full battery pack has 48 modules,
Pd=48%240=11520W

Fast charging and dis-charging has a large impact on dissipated power




2a.Process to come to optimal coohng de5|gn ’

* Experimental testing of battery

 Build detailed computational model of
battery/ cooling of power electronics

* Cold-plate design - Analytical modelling in
combination with computational and
experimental modelling ) Satlry Tot 2021522

32

* Design of cooling assembly .

* Experimental test full system
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With courtesy of Emoss Mobile Systems BV
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2b. Thermal challenges cooling of Control
electronics

High concentration of power e.g. FETs, IGBTS, coils, transformers,
capacitors Bad interface

g

Other: cables, tracks, interconnects.
3. (Thermal) Interface resistances
(Thermal) Spreading resistance

Spreading resistance base Heat Sink Good interface
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2b.Process to come to optimal cooling design

* Analytical calculation in combination with
detailed computational modelling cooling of
power electronics

* Optimization of flow and heat paths, design
of cooling mechanics, heat sink, cold plate

* Design of final cooling assembly
* Experimental test full system

GY STORAG
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3. Process schematic review
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Temperatu re measurement

* Measuring is knowing, but what are you measuring?

* By using the three methods, analytical, computational, experimental you get
insight in what need to be measured, where and how.

e Methods:

* Temperature sensor, thermocouple, NTC, PT100
* Infrared imaging
* Diode (junction) measurement
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Thermocouple

* Every temperature sensor measures its own temperature
* Thermocouple is a line sensor not a spot sensor

EMF:I ‘;1 dx+jgz—dx

€ = total thermoelectric power
o of material mv/C
T = Temperature
- X = distance along the wire, m
| 2 L =lengthof the wire, m

VIl I
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Thermocouple

* Contact surface > 10x diameter, using glue best
* Flat joint, don’t connect by twisting => many junctions

* Diameter wires small in line with object to be measured

36 gauge 40 gauge

* No copper constantan Duire 0.127 mm  Duwire 0.08 mm

= ¢
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T  —

sensor

VAV,
Measurement errors PU— i é
e Size of sensor L

* Location of sensor

Base of power Base of HS — below module
module (temp scale different)
TemperatBLlljre () Tempera:SUSre {c) | ‘
T = What do | want to measure?
588 = What do | measure?
63.1 50 * Component case
57.5 45 e Heatsink
51.9 40 * TIM
46.3 35
40.6 lSD
35 25 Power Eleciionics & Energy Storage event
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Measurement errors cont’d

O
* Time constant of sensor

* |s the time constant in line T
with the phenomena

-

Ambient

Glass bead sensor, §0.37mm tau 17.2+/-0.8ms (measured)

60.7
R_sensor
Tcomponent C sensor
+ j— -
_ 1.505E-4
~ ~

PULSE(25 50 0 1ms 1ms 10ms 100ms 10)
.tran 1s




Measurement errors cont’d

Measurement speed datalogger
* Example Keysight DAQ970A with DAQM901A module

* Scanning speed
* 1 channel used max 80 samples per second (80Hz)
e 20 channels used 4 samples per second/ channel (4Hz)

* Check if the signal (temperature) profile can be
represented
use as rule of thumb measurement speed 10x signal speed

» 80Hz measurement speed for signals of 8Hz

Multiplexer Actuator Matrix  RF multiplexer Multifunction
DAQMS00A DAQMI01A DAQM302A' DAQMIOBA DAQMI03A DAQMI04A  DAQM305A  DAQMAOT7A

General

Mumber of channels 20+2 20+2 16 40 20 4%8 Dual 1x 4 See page 25

2/4 wire 2/4 wire 2/4 wire 1 wire SPDT 2 wire 200 for module
3 int W k4 - - » - -
ql:urne_ctstl:ur.erral[flrh e . L _ _ specifications
Scanning speed 460 ch/s B0 ch/s 250 ch/s'T 00 ch/s

S

Open/close speed 120/ 120/ 120/ 70/ 120/ 120/ 60/s

& FEnergy Storage event
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Measurement errors cont’d

Signal 8Hz (green), measurement speed 80Hz (blue)

S0V —— . . I V(n003)

I < R B DN B e

2571 i ! ! i i i i ! !
v s a i s s s s s

LIS e

0V~ | | | | | —y—

-5V : T — T T ' T : T — T T : T T — i T : T
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Measurement errors cont’d

Signal 8Hz (green), measurement speed 80Hz (blue)

Red sensor (including time constant sensor)
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Infrared imaging

T, &

Qu
Q,, =& AF,ofT* -T,)
12 A 120\ 2
Tindicated le ~ 1:((212)

\Power ELectionics & Energy Storage event

1‘ E.‘_’é@?ﬁomcs i ENERGY STORAGE /

f:,
S
B —




nfrared imaging
-ield of View — comparison of IVOF

IFOVm = IFOV = FOV =4.7°

Averaged temperature based on averaged
radiation of everything in FOV

IFOVm = 0.07°

FOV = 28°/18° /
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nfrared imaging
-ield of View - exceptions

IR Image centred results 1.5to2mm 3 mm 12 mm 6 mm

88.9°C

Low & high
emissivity areas

21.0°C




Infrared imaging

FLIR T420
Series

FLIR
t640

FLIR X8000
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Infrared imaging

* What are the differences — where do you pay for?

: [ [) () [) () () () () E

28| 125 21 29 25 25 25 28 15 22

18| 12.5 21 29 19 19 19 19 11 17
g 320 60 100, 140| 160( 240 320 320/ 640| 1280
: 240 60| 100] 140/ 120f 180| 240| 240| 480( 1024
ance 300/ 600, 600 600] 400, 400/ 400/ 400/ 500 400
A 1.4 6.6 6.7 6.7 3.3 2.2 1.7 1.9 0.6 0.4

** X8000: Avaliable optics - 38° x 31°, 22° x 17°, 11° x 9°, 5.5° x 4.4° and close up x3 (6.4 x 5.1 mm,
IFOV ~= 5 pm)
*** Price indication purely as reference. Macro lens for SC325: ~€2000.-

PowerElSCtronieS & Energy Storage event
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Junction measurement

Eleetronic Switch
Heatimg Sensing
Y ™
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Conclusion

* Measuring is knowing, but what are you measuring?
* By using the three methods, analytical, computational, experimental you get insight
in what need to be measured, where and how.
* Important is:
e Selection of sensor type
* Size of sensor
* Location and mounting method

* For transient behaviour check you sensor time constant and datalogger
sample rate

* For infrared imaging check if the camera/lens you use is capable to capture
the size of the object. Calibrate for emissivity and check reflections
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OPTIMAL
THERMAL

Contact details =1
Norbert P. Engelberts

Optimal Thermal Solutions BV
nengelberts@ots-eu.com

+31 (0)35632 1751

+31 (0)65 230 2258

WWW.0ts-eu.com
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