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A Study on Selective Composite Patch for Light Weight and
Quality Improvement of Battery Module

Seung-Chan Lee*, Sung Kyu Ha*"

ABSTRACT: In this study, in order to improve the quality issue and component characteristics of the battery module,
which is one of the major parts of the electric vehicle. The structure is reinforced by using the composite material and
the mechanism structure optimization of Hybrid concept which can overcome the disadvantages of single material was
performed and the performance was compared. For this purpose, figure out the main design variables of composite
materials according to Classical Laminated Plate Theory (CLPT) and the algorithm for predicting composite material
properties have been studied. Based on the mechanical properties of the designed composite materials, finite element
analysis (FEM) and the performance of the battery module was verified. Consequently, according to the verification
result, Hybrid Battery Module reinforced with Selective Composite Patch can reduce the weight by 30% and reduce
the product thickness by 32.5% compared with the existing Al battery module and proved the merit of Hybrid
structure such as maintaining impact performance.
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(b) A cooling system of Battery Module

j Coolingplate with refrigerant tubes inside the plate l —]

I— | * Top, Bottom : 3 t(mm)

: * Side : 8 t(mm)
|

j Cooling plate with refrigerant tubes inside the plate J

* Battery Cells <+

Cooling plates with a thermal connection to the base plate <——

(c) Section A-A'" of Al Extrusion Battery Module(a)

Fig. 1. Schematics of Battery Module [3]
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(a) AL Extrusion Battery Module shape

Composite

(b) Hybrid Battery Module

Fig. 2. New structure of Battery Module
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2. Composite Design Process
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Selective C ite Patch D

Design Factors Design Variables

v Bending Stiffness v Fabric type

v Absorption Energy v Ply angle
(Impact) Characteristics v' Laminating Sequence
v More Lighter v' Laminating Thicknesses
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H /— Static Analysis /— Impact Analysis
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Static analysis
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Design variables update

Composite redesign Composite redesign Yes
v More Lighter v Design Variables
Y Lower Cost Needs J \v' More Safety Optimum Hybrid
Battery Module
\ Initial Hybrid Battery Module & /

Fig. 3. Research Procedure
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3. Battery Module Design Condition

3.1 Swelling
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Fig. 4. Volume Expansion of Battery Cell [7]

g3t Battery R& 2 477} W 2 s}ci(Fig 4).

3.2 Stack Stress
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3.3 Static Boundary Condition
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(b) AL Extrusion Battery Module shape

Fig. 5. Stack stress of Battery Module by Swelling [8,9]
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Fig. 6. Module assembly structure inside battery pack
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3.4 Impact Boundary Condition

Battery Module2 Stack Stress5/d1} o] Battery Cell9]
A 4 5O BRA BS AT 8 54
o, Battery Packy} g7 9] %202 H ¥ Battery System
L HE3= 23)F obAAFR o]t

E o 7Loj| 4= Hybrid Battery Module2] %
71817] €l A Abaqus Impact Simulationg —’Fﬁ}ﬂﬁ]—&it}.
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P A5 A5-S updl Al Body Battery Module®] o1 %] &
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H
=E V&2 F1g 7J_} Z+o], Crushing Load®} Battery
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Crushing Load

P
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Al Body

Battery Module Composite Patch

Fig. 7. The schematic of Impact simulation
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4. Finite Element Analysis

4.1 Finite Element Modeling

A =5 &-83F Hybrid Module> 7| -4 & W A€
402 Composites H73t0] B4 32 9 Ba=
o] H-&3k= B o2 Astint. sho] Composite 41782
7128 #AAZ I Aglel B4 9 ALA|Zo] EAJL 183t
7=} o] o] Ao} gk, 2 Bol iz thabet kel Bof
oA UHFA 07 ARE-E= T700 B4 -39} Epoxy Resin
& Agaton, uaze) B4 AFset w7t %
A& Cost A7 95}e], 7|2 Aluminum Body?] Safety
FactorZ RHsto], fAFSH=S AA 550

4.2 Static Analysis

Hybrid 1+ A 35 ¢35}, EFA RS 2.5t00 4] 5t71]
0.5t 9|2 B sto], B3t s FA o thE ¥d dF=
£ S Fal £431% 2™, 7] Ply Angle(8)2 [0/90/
+45]s2 A—lx-]{g]_Oﬂq_

Table 13} Z+o| Battery Module2] Safety RateS 11L& 5},
Table 1. Deformation by Composite thickness
Design Factor Max. Safety

Range of Deformation Rate

Deformation e (mm) (%)

Composite o | o | o | o

Thickness(mm) Hags 8(t) 3 | 8(t) | 3(b)
5t ’ 0.236 | 0.048 | 52.8 | 72.0

4.5t ' 0.269 | 0.056 | 46.2 | 72.0

4t ' 0.309 | 0.065 | 38.2 | 67.5

3.5t ' 0.358 | 0.075 | 28.4 | 62.5

3t ' 0.420 | 0.085 | 16.0 | 57.5

2.6t ' 0.485 | 0.095 | 3.0 | 525

2.5t ' 0.504 | 0.098 | -0.8 | 51.0
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Selective Composite PatchS Z|-& A, 4 F7] 2.6t o|AF H

834 AT = Sl

flef 2ol B RS 541 =& H|[ZH ol Y3l 7=
8 mm 574 9] Aluminum F+ZE 3t%2 HZ3}HA], 2.6 mm

9] Composite Patch& &-83}4] 30% ©]
29% o]/e] FA dxtol] 7hssttt
Hybrid % 2|2 3}5 913t FR1A4 5= A 3%
0]&}= Composite Ply Angleo]t}.
Hybrid Battery Module Concept®] %34
27| Ply Angle2 Quasi-Isotopico. 2 A4

Aol £AAZ B

A A el A9 w8 B4 20, Matix Resing]
S48 2 4% SF Wl 49, ARjEew v 7)Y
4 242 welth, o3t B4 ola) A& 23t 51
2 A2 998} 5351, 255 Ply Angle 4 Al &= Matric
cracking, Debonding, Delamination 5-9] oj2] A& {1
s7] 411k BRI el S4E 4 5] nefsto] ALg Al

=7 o=

Metal & 7|6} 227 tjH] D53 71414 B4 g7} 7Fssict.
# =wollX= 714 2 & Battery Module 73] 2]7
gt 9D 71AA AsS WEEE Ply Angle H35E 59,
Selective Composite Patch®] 2| & 3}& 7835} 2, Ply
Angle W% e 7|22 Fig. 83} 2t
Ply Angle A5& ¢33t 73t 24 34 AA}+= Case 19

Composite Patch

Fig. 8. Fiber Laminating Direction

Table 2. Deformation by Composite thickness

Division Thickness (mm) Ply Number (Ea) Ply Thickness (mm) Ply Angle (6)
Case 1 8 0.325 [0/90/+45]s
Step 1 Case 2 2.6 8 0.325 [0/90/+30]s
Case 3 8 0.325 [0/90/£60]s
Case 4 10 0.260 [0/90/+6/0]s
Step 2 2.6
Case 5 10 0.260 [0/90/+6/90]s
Case 6 12 0.217 [0/+30/+£60/90]s
Step 3 2.6
Case 7 12 0.217 [90/+60/+30/0]s
Case 8 16 0.163 [0/£25/+50/+75/90]s
Step 4 2.6
Case 9 24 0.108 [0/+15/+30/+45/+60/+75/90]s
Step 5 Case 10 2.2~2.6 10 0.225 [0/90/+6/90]s
Table 3. Deformation Improvement Effect by Ply Angle
Max. Deformation (mm) Safety Rate (%)
Division Ply Angle (0)
8(t) 3(t) 8(t) 3(t)
Master Full AL 0.3187 0.129 36.26% 74.20%
Case 1 [0/90/+45]s 0.485 0.095 3.00% 81.00%
Case 2 [0/90/+30]s 0.5297 0.106 -5.94% 78.80%
Case 3 [0/90/+60]s 0.4369 0.081 12.62% 83.80%
Case 4 [0/90/+60/0]s 0.4504 0.085 9.92% 83.00%
Case 5 [0/90/+60/90]s 0.4238 0.077 15.24% 84.60%
Case 6 [0/£30/£60/90]s 0.475 0.096 5.00% 80.80%
Case 7 [90/+£60/£30/0]s 0.472 0.095 5.60% 81.00%
Case 8 [0/£25/+50/+75/90]s 0.474 0.089 5.20% 82.20%
Case 9 [0/£15/+30/+45/+60/+75/90]s 0.499 0.096 0.20% 80.80%
Case 10 (2.25t) [0/90/+60/90]s 0.486 0.087 2.80% 82.60%
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Quasi-Isotropic LaminatingS 7|52 & 5014, & 10 Case®
Laminating Angleo]] }2 Aapy 242 B3] 24 e =
Z3}9 ch(Table 2).

Battery Module®] Stack Stress ZZA3}ol| A 0°~90° Al-0] 9]
= 7k =, Y7 2 0 72 Step 13} Step 2 IS E3
L&l o, Step 30 A= 0°9F 90°9] A F AIE WP
3}o], Laminating Sequenceo] ]38} -3-2]x} &ol5}gict. 27}
2 Step 4°)|4] Thin Ply& £3f], Angle HLE AlE3}5}o] o
F=2 gEsha

e} Lol Step 1~45 E-3f Stack Stressslof| A & 2] Ply
AngleS =253l 0w, Z[F Step 59 A 77 W 9= 2.0~
2.6 mm7}A] 0.05 mm @92 A E3}51o] 2= Composite
ThicknessE 4173}

%% A3}= Table 33} 2t

Case ' Deformation 3! Safety Rate 54 A}, 2= ¥ &
A 9] Total Laminating Angle(¥ =¥ 0] 4= Total Laminating
Angle& 4% ¥ WE Plyo] AngleS @3t o Heojalal
t}h) o] 242, % 42 7Ho] 90°0] FHg 4 2 W A
a7t 2 Zo 2 YyeRt oy, 54U Ply Angleof Laminating
Sequence t}2 7| 3} H|w gt A= Ply Angle tu]
Ferb ulEe AS oF 4= UGk F=7F= X133 Thin Ply
28-S E3} Ply Angle A|5-3}0] 2% 90° Angle® H 7}
3}= Case tH| Safety Rate7} &2 7S &elshsich

A5 3 Case 1~45 7|39 2 Battery Module®] Safety
Spec W Stack Stress @AM 113t 2% Laminating Angle
Condition2 [0/90/£60/90]s= A1 %3} % 0, Safety Rate
Spece 7|0 ® Cost A1 U A% 73S 93t Patch9)
4 FQa FA= 2.25t(mm)o| T

4.3 Impact Analysis

Static Analysis AT}o| A HEo|, B3R 7[EAoR
431 H5hA] EAJ-S H oy Transversely Isotropy A2 2
Qlstod, theFet 97 skl tis U AoHE SA4= 7
ofa 4 Rlck. 2 oAl F2 el tat o5k 54
H7ME ¢J5}¢], Fig. 73 o] Crushing Loado] 2]3t

=
=
Mechanisme: 112{510], I = Aol o] 3¢ &F Bl 515 H 9]

rE ofy

Stress Contour

+6.25%9e+03
! +5.744e403

Displacement Contour
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+7.721e+01 +0.000e+00

(a) Al Extrusion Battery Module

Displacement Contour
+2.848e+01

Stress Contour

+1.336e404
. +1226e+04

+1.625e+02

(b) Hybrid Battery Module

Fig. 9. Stress-Displacement Distribution

£ 53| Absorption Energy Characteristics2 &= 23} th.
Fig. 92 Al Modulex} Hybrid Module®] Stress-Displacement -
EZ 5 YelHT). Static Analysiso| /] =&3F FHF A& =
719] Hybrid Module?} Al Module®] v]x! 34} A3}, Hybrid
Module®] 79~ Al A A3 tffu] 28 o]4Fo] 2o 32|
Composite Patchiof| x| A5}, WHE Fh2 FARE Ak
Hels gRelstaitt.

%]2] 2] Absorption Energy CharacteristicsS 2= Composite
Patch A& $J3}], Ply Angle & Thickness x}o]of| tst
o3} A2 AAskat

Table 4= Impact §-3+Q 4 34 Hx}o|r}.

Step 19J|4] Ply Angleo]] 2J3}t 6-2J2-5 H| w5} S, Step
17} Static Analysisol| 4] =53+ 2|5 Angle Conditiong Step
20] % 8-3}o], Al Battery Module®] Absorption Energy
Characteristics 0]AF9] og3st& EAS stHTF 4~ 9= A4
Ply Thickness2 41743} it}

Load, Absorption Energy %! 9] Z=F, X4 Energy 5
o WREL Table 59 M5k on], Ply Angleo] up2
Absorbed Energy ¥4 & Fig. 10, Thicknesso]| o2 A S
Fig. 1101 4 eltsich

whel Warg Foolu A @ el AT FaoluAs
Al Battery Module tjH], Composite PatchE = 7}3+ Hybrid

Table 4. Laminating Condition of Impact Analysis

Division Thickness (mm) Ply Number (Ea) | Ply Thickness (mm) Ply Angle (6)
Case 1 8 0.325 [0/90/%45]s
Case 2 8 0.325 [0/90/£30]s
Step 1 2.6
Case 3 8 0.325 [0/90/+60]s
Case 4 8 0.325 [0/90/£15]s
Case 5 2.25 14 0.161 [0/90/£6/+60/90]s
Step 2 Case 6 2.4 14 0.171 [0/90/+6/+60/90]s
Case 7 2.6 14 0.186 [0/90/£68/+£60/90]s
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Table 5. Absorption Energy Characteristics by Composite Design

Division Ply Angle (6) Max L[OIEIC}I]F max Absorbed Energy ET[J] Elﬁzgs); f]e;rKl;]n i Eneigrﬁfflr(}j;ii]wﬂ_
Master Full AL 3,230.97 88.88 14.29 40.03
Case 1 [0/90/+45]s 4,675.87 73.59 24.61 61.23
Case 2 [0/90/£30]s 5,451.52 85.92 28.74 71.48
Case 3 [0/90/+60]s 4,143.49 66.15 22.12 55.04
Case 4 [0/90/+15]s 6,129.31 98.56 32.96 82.00
Case 5 [0/90/£15/+£60/90]s 5,387.29 87.43 29.84 75.28
Case 6 [0/90/£15/+60/90]s 5,433.46 89.05 30.12 75.55
Case 7 [0/90/£15/+£60/90]s 5,560.50 92.08 30.80 76.61
= s AsHA ] 25T
g - =, A 1]?54.4 Battery Module2 t} Composite PatchS
= LA ybrld Moduleo| &2 EAJo] &4=3it}. o]= CFRP
;™ I I T o e o
< 7000 =4 2 EXL
Ho|w, Z= "lgke 2=Lubek 7|20 2 (0°0~15° HE|7) &
60.00 I A8 oF 2 ool
50.00 Mg z|F#x o7 Bk E Ply Angle W Thickness= Absorption

WAL m+15° mi30° +45° m+60°

Fig. 10. Absorbed Energy by Angle
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Fig. 11. Absorbed Energy by Thickness
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5. Conclusion
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epge}.

3. A& FXdof| ukE Absorption Energy Characteristics H]
1l A|, Static Analysis 73 &Fa} ga], =595 717k Ply
Angle 0-15°0] 7P71255 =3 AaHS Wolo], BaA|R
A 71l w2k v]E|sHA| Absorption Energy Characteristics
of WAEE AL stk Eak Balgmo] 4
Aluminum tjjH], THAIS Absorption Energy Characteristics
o] #& A& U 4 AUk

Z]%%] 02 Hybrid Battery Module Concept Z-8- A], T
47k 32.5%, A A7 30%2] A4 w38 SHeletgon,
Cooling Plate?}o] 2] H HYPYE °F 33% = &, ¥
ZF g8 74 9 7]& Al Battery Module tH] 55 o]AF
Absorption Energy Characteristic £4-& &2 &
shelabgict.
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L=
o
EaSe) Ko
NI =1

Review
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of AVd Q178 Bol, A A7 T W AR ulg 47
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