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ABSTRACT

A Study on Heat Dissipation Design and Performance
Evaluation of Lithium-ion Battery Pack for Automated

Logistics Robot Using Infrared Thermal Imaging Technique

Kim Eun-Ji

Advisor : Prof. Kim Jae-yeol, Ph.D.
Department of Mechanical System &
Automotive Engineering,

Graduate School of Chosun University

The second logistics revolution in distribution centers, factories, hospitals, airports, restaurants, etc.
Logistics robot use has rapidly increased 24 hours of continuous operation, even a battery that is
used as the rapid development of technologies that can dramatically increase the uptime of the
production equipment Various and high-level technology development is urgently required. In the
past, batteries were simply used in a full discharge or full charge method, but as autonomous
driving becomes possible, rapid charging using a short time and wireless charging technology that
can be charged while moving are required. Logistics robots have a wide variety of shapes depending
on the usage, and can flexibly cope with the battery design for each type, and the size of the

battery must be small but the energy density must be increased.

In this study, we propose a heat dissipation design and performance evaluation to improve heat
generation that may occur when using high energy density, continuous rapid charging (4C-rate) and
continuous high power (2C-rate) of an automated robot battery pack for logistics transportation. It is
intended to be utilized in the development of hattery technology for automated logistics robots in line

with the expansion of the logistics robot market by improving the speed and efficiency of logistics

_Vi_
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equipment operation by improving the fire risk and battery performance degradation problems caused

by heat generation.

The cell holder used in the existing logistics transfer robot battery was designed to be inserted at
Imm intervals between cells, but the cell holder was designed to be 1.5mm in order to increase the
natural air conditioning effect and reduce the heat increase rate at high output. A heat dissipation
sheet of the battery pack size, weight, and price as a way to get the radiation without the use of
water-cooling or air-cooling method in order to increase competitiveness in terms of effect Graphite
Sheet (high temperature diffusion for the graphite sheet) and the silicon material of was additionally
applied. CASE design to increase heat dissipation performance increased the heat transfer power by
changing the thickness of the internal structure and removing unnecessary structures and attaching a
heat sink, and improved heat circulation by changing the cell stack structure and increasing the
height of the product.

Through this study, the heat dissipation performance of the lithium-ion battery pack for the logistics
and transport automation robot to which the heat dissipation optimal design was applied was
compared and verified, and the excellent heat dissipation performance was confirmed. It is intended
to be utilized in the development of battery technology for automated logistics robots in line with
the expansion of the logistics robot market by increasing the speed and efficiency of logistics
equipment operation by improving the risk of fire due to heat generation and the resulting

degradation of battery performance.

- vii -
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Table 2-1 Type of Battery According to Material Composition

Energy
Division Electrolyte Voltage(V) density Usage(Cycle)
(Wh/L)

Pb H,50, 2.0 75 2007500
Ni-Cd KOH/H,0O 1.2 160 1,000
Ni-MH KOH/H,0 1.2 240 1,000

o Lix/organic -

Li-ion 3.7 3007350 1,200
solvent
Li-PB | Lix/polyelectrolyte 3.7 2507300 1,000
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(a) Cell spacing 1.5mm (b) Forced explosion test result

—

(c) Cell spacing 0.5omm (d) Forced explosion test result

Fig. 3-1 Thermal Runaway Diffusion Experiment According to Cell Spacing

Fig. 3-2 Cell Holder 2D Modeling
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Fig. 3-3 Cell Holder
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2. Graphite Sheet % &
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Table 3-1 Graphite Sheet Composition

Thickness
Width
T<=0.4 04<T<=1.0 T>1.0

+-3 +-10%T +-7%T +-5%T
T: thickness
Items Data

Thickness>=0.4 | +-0.07
Density deviation(g/cr’) )

Thickness<0.4 +-0.1
Tensile strength(MPa) >=4.0
Compression rate(%) 35-55
Resilience rate(%) >=9
Ash content(%) <1.0

450 centigrade <=1.0
Heat weightlessness(%) .

600 centigrade <=20
S(sulfur) content(ppm) <=1200
Chlorinity content(ppm) <=80
C(carbon) content(ppm) >99
Density(g/cm) 1.1, +-0.05
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Fig. 3-5 Electronic Device Application of Graphite Sheet
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3. Silicone Sheet A&
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Table 3-2 Silicone Sheet Specification

Property Unit Value Remark
Standard Color - Gray Visual
%
Standard Size WL mm 288*288 Sheet Type
Inherent surface Tack - 2 1 or 2 sided
Specific gravity - 2.5 ASTM D792
Hardness Share 00 60+10 ASTM D2240
Volume Resistivity Q-cm 103 ASTM D257
Dielectric breakdown
KVac/mm 10 ASTM D149
voltage
Using Temperature T -407200 -
RoHS Compliant - Yes SGS
Reach Compliant - Yes SGS
Flame rating ULY%4 V-0 E306107
Thermal Conductivity W/mk 15 ASTM E1530
Protection Film
Silicon

Release PET Film

Fig. 3-7 The Structure of the Silicon Sheet
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Fig. 3-8 Battery Pack 2D Modeling
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(a) Battery pack inner plate

(b) Change outer case thickness

Fig. 3-9 Modified Complementary Design
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Fig. 3-10 Battery Pack for Logistics and Transport Automation Robot
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Table 4-1 Battery Pack Heat Dissipation Design Application Stage

12 BE AA A&

27 U Bk A A&

O A 7+4 >15mm A& Cell

@ Graphite Sheet(3Lg &4H&

Holder D Silicone Sheet
SAANE) | @ CASE HAA
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Table 4-2 FLIR T640 Specifications

IR resolution 640x480pixel
Temperature range -40°C~150C, 100T™650T, 300~ 2,000C
Thermal sensitivity/NETD 40mK @+30TC
1-8xcontinuous, digital zoom,
Zoom
including panning
Focus Automatic (one shot) or manual

Data communication
USB-mini, USB-A, Bluetooth, Wi-Fi

interfaces
Size (LWH) 143%x195x95mm
Weight 1.3kg

_3‘]_
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Table 4-3 Heat Dissipation System Design Applied Battery Pack Specifications

AyPd Z7FolE A3t 2XE dxF
At

o] & wujg gl Al

Collection @ chosun

Item Specification Note.
Cell(¥-53 21700 Type) 3.6V/3.0Ah INR21700-30T
Configuration 7S20P 7Serial, 20parallel
Nominal Voltage 25.2V 3.6V+75=25.2V
Design Nominal Capacity 60Ah 3.0Ah*20P=60Ah
Energy 1512Wh
Maximum Charging
28.35V 4.05V/Cell
Voltage
Discharging End
arsine =4 21V 3.0V/Cell
Voltage
Charging Method CC-CV 1.5A Cut-off(0.025C)
Standard Charging
30A 0.5C-rate
Recommend Current
Max Charging
240A 4.0C-rate
Current
Standard Discharging
-30A 0.5C-rate
Current
Max Discharging
-240A 4.0C-rate
Current
Operating Charge 0745
Temperature Discharge -20760
Output Connector 2P Terminal Bolt 80
Weight 18.5kg
) ) 251x418.8 L: @228 418.8mm
Dimension(WxLxH)mm .
%200 "] ¥ 3} 380mm
- 32 -
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Fig. 5-1 1Cycle-Charge

Fig. 5-2 3Cycle-Charge
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Table 5-1 1st Experiment Infrared Thermography Temperature Data

144 9 Spot | &% [C] 1 Cycle|l Cyclel2 Cyclel2 Cyclel3 Cyclel3 Cycle

=2 | A | A4 | B3Ad | A | =HA
A e | 2800 | 31.99 | 3750 | 3867 | 41.97 | 41.91
Heatsink
ayel HAAFCw | 2484 | 2962 | 3508 | 36.89 | 39.64 | 4055
Rk A e | 2406 | 2685 | 3055 | 31.67 | 3369 | 34.04
Case
TS| 2133 | 24.81 | 2882 | 30.28 | 3207 | 32.76
Ao | 2718 | 2981 | 3442 | 3569 | 39.43 | 39.07
Heatsink
upel FFew| 2338 | 2755 | 3210 | 3339 | 37.32 | 37.70
A8 A% | 2434 | 2645 | 3043 | 31.10 | 3358 | 33.63
Case
HAFSw | 2139 | 2473 | 2866 | 30.03 | 31.95 | 3266

£ Ll
o
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e
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o
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o

W m A8 AlFS Heatsink spotell Aol Ho2%=7F 41.97C= 3Cycle & A 7}
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spot o149 H&E+= 34.04C, Hir2 5+ 3276 CE 3Cycle A A 7 =dkot

W AA AL AlFe Heatsink spotell A1 9] FHuj=%7} 3943C, Ht2%=+ 37.
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Table 5-2 2nd Experiment Infrared Thermography Temperature Data

1 Cyclell Cyclel2 Cyclel2 Cyclel3 Cycle3 Cycle
22148 | Spot |=x [T] -y Y -y Y <y Y
FA | 3d | 34 | 2d | 34 | wd
A o= | 2700 | 3113 | 3768 | 3833 | 42.68 | 41.93
Heatsink
e HFeE | 2384 | 2888 | 3572 | 37.15 | 41.09 | 41.24
Rk A e | 2384 | 26.82 | 30.20 | 30.81 | 32.88 | 3255
Case
HFew | 2089 | 2532 | 2909 | 2965 | 31.94 | 3154
A o= | 2506 | 27.37 | 3259 | 3344 | 36.95 | 36.70
Heatsink
e WFew| 2238 | 2609 | 3082 | 3278 | 3562 | 3628
A8 A ew | 2434 | 2677 | 30.10 | 30.64 | 3269 | 32.26
Case
HFSE | 2139 | 2555 | 2895 | 29.79 | 31.74 | 31.42
Table 5-2= ®d n8E AF Wd BHAAdA AL AE2] spotol] wE 234 A3F
o] 2L dolHE A BZ Cycled] T-WHo e 2=WIlE HUl2ko} H =

T2 YeRy itk

W w A8 A E 9 Heatsink spotoll A9 Hl&%E7F 42.68C=E 3Cycle =4 A 7}

F = Uegsgton, HieEE 41.24TCE 3Cycle WA Al 7F4 =4 YERSth Case
spot oA H%EE 3255C=E 3Cycle W Al 71 =9kon, HAF2%EE 31.94T
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Table 5-3 1st Experiment Infrared Thermography Temperature Range Data

1 Cycle/l Cycle]2 Cycle|2 Cycle|3 Cyclel3 Cycle
1428 | Spot |&E [CI[ o [ VoA Yeee e e =Y
A AA | 2| A | A | B3A
A= | 0.82 2.18 3.08 2.98 2.54 2.34
Heatsink

Had2% | 146 2.07 2.98 3.50 2.32 2.85

T H x|
A% | 0.28 04 0.12 0.57 0.11 0.41

Case

Ha2% | 0.01 0.08 0.16 0.25 0.12 0.1

Table 5-4 2nd Experiment Infrared Thermography Temperature Range Data

Collection @ chosun

1 Cyclell Cycle]2 Cycle|2 Cycle|3 Cyclel3 Cycle
234 F | Spot |EE [CI] o oNf Ve e e Y
A 8A | FH | #A | A | 3A
A= | 1.9 3.76 5.09 4.89 5.73 5.23
Heatsink

HadLs | 146 2.79 490 4.37 547 496

ERSER
HAPY=%=| 05 0.05 0.1 0.17 0.19 0.29

Case
Hae% | 05 0.23 0.14 0.14 0.2 0.12
- 4‘] -
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(b) Inside the Experimental Device

Fig. 5-5 Thermocouple Attachment of Experimental Devices
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Table 5-5 Thermocouple Temperature Data

S (] 1 Cycle|l Cyclel2 Cyclel2 Cyclel3 Cyclel3 Cycle
vt 34 [ 93 | 33 | wd | 33 | 9
HAY % | 2598 | 31.21 | 36.78 | 3759 | 41.30 | 40.90
Heatsink
EIgec] H<%= | 2145 | 2897 | 34.80 | 36.23 | 39.20 | 39.79
& A= | 2295 | 2603 | 2945 | 2995 | 31.97 | 31.69
Case
W% | 2035 | 24.80 | 28.18 | 2891 | 30.68 | 30.81
AP | 2315 | 2844 | 3378 | 3450 | 37.99 | 37.37
Heatsink
PIeE] He% | 2092 | 2610 | 31.97 | 33.00 | 3596 | 36.33
A& Ao | 2281 | 2571 | 2898 | 2954 | 31.41 | 31.10
Case
Hd2% | 2006 | 2463 | 27.74 | 2871 | 30.22 | 30.33
Table 55 W vHE A& AFe spoto WE 2LdHolHE Ak B2
Cycle?] Z-WAdd m& 2eWas Hyare =2 eI
W A8 A|E 9] Heatsink spotol Ao Hol%7F 41.30C= 3Cycle &4 A] 7}
F =4 Jewen, Hi#exE 39.79C 2 3Cycle W Al 74 =4 YERt Case
spot 9lA9 HuUl&%+= 31.97C=E 3Cycle T Al 7H4 =9koy, HHd 2%+ 3081T

spotoll A ¢ FH o]
36.33C% 3Cycle W4 Al

=0}

E‘__
Kol SE AKX

QUSRS B T

30.33°C & 3Cycle WA A 7+
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Table 5-6 Thermocouple Temperature Range Data

1 Cycle/l Cycle]2 Cycle|2 Cycle|3 Cyclel3 Cycle

ow [
Spot 1EE A 2 | wa | 20 | wa | 2a | wn

A2 | 2.83 2.77 3.00 3.09 3.31 3.53
Heatsink
HA2%| 053 2.87 2.83 3.23 3.24 3.46
=T HA
A== | 0.14 0.32 0.47 0.41 0.56 0.59
Case
A% 029 0.17 0.44 0.20 0.46 0.48

Table 5-62 A3 tolEE ntgow Wd AA A&AFH 0D vAE AFo] &

T AxE 22 YEdsldh

Thermocouple =
346 C= 3Cycle H-#
059C, HFELwAX 048°C = Lpebteh,

4 A3} Heatsink9] 2| el A o] H)>EAA= 353C, Hit-&EH A}
Al

g 2 LEAZ WAL, Case AAAAY HulLEnAE

’
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