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Batteries Housing Analysis of Formula Students Electric by Using Finite Element
Method
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Abstract

Li-Pro4 type batteries are used for the Formula Students Electric (FSE) car race. They are made
up of tightly-packed cylindrical cells with 75 mm diameter, 394 mm in length and weight of 3.15 kg
per cell. We will need 32 batteries in total to put together as a set. The assembly has been separated
into three sets; two sets of 12 blocks and a set of 8 blocks. The FSE competitive rule says that the
structure of the battery must be able to withstand the horizontal acceleration at least 40 times of
gravitational force (g) and to resist the vertical acceleration at least 20 times of gravitational force (g). It
is also required a lightweight battery-frame in order to withstand such the accelerations. The battery
frame made of 5083 H116 aluminum grade which is cheap and can withstand the Shear Modulus for
26.4 GPa. The strength of the battery structure analysis uses the Finite element analysis; it was found
that the structure of the first two sets of battery (12 blocks sets) gave the stress and the expansion

horizontally due to the horizontal acceleration along the X axis equal to 1.21 GPa and 1.1 mm,



CSTO0031

a a . A P ' & A
ﬂ']iﬂiz"lgﬂ’)‘ﬂ’m’]ilﬂiﬂ"lﬂU’Jﬂ’lﬂii&]Lﬂiﬂdﬂml%dﬂizl’ﬂﬂvl‘ﬂﬂ AIN 30

5-8 NINYHIAN 2559 TINTAFIVA

respectively. The stress and the expansion horizontally due to the horizontal acceleration along the Y

axis is equal to 4.48 GPa and 7.5 mm, respectively. And the stress and the expansion vertically due to

the vertical acceleration along the Z axis is equal to 1.19 GPa and 0.5 mm, respectively. The structure

of the second set of battery (8 blocks set) gave the stress and the expansion horizontally due to the

horizontal acceleration along the X axis equal to 0.88 GPa and 0.8 mm, respectively. The stress and

the expansion horizontally due to the horizontal acceleration along the Y axis is equal to 1.17 GPa

and 1.4 mm, respectively. And the stress and the expansion vertically due to the vertical acceleration

along the Z axis is equal to 0.63 GPa and 0.4 mm, respectively.

1. uni

Tumsudsdusawtanasyaluiindnw so
fanunsoidisaunisutedures FSAE (Formula
Society of Automotive Engineers) lARDIIuNg
AyvaeUanImsanlesyammnges FSAE iy
dedfiidemunsnsivaeuanInde wuawmes
M FSAE  Isiadanguilenudaendedmsugidn
wiedu Tungdel EV3.4 wee FSAE1] nandn iwad
LLaz%ua'awmqﬁuaqmema%"%éfmﬂaﬂﬁumi
deymenieluiiussgegnsmnzay Mmdawadods
tossouduiiBauia 6 Hadiuns 1nsn 8.8 AULNTA
wn3n (1/8 i au SAE Grade 5) veudeusandy
ssuuRnRugadviotudiuazdeceanuuulinude
Anusslusursvlalddesndn 40 wirvesnselily
29 uaznusoaussluuwfdldlaiosndt 20 wi
vosussliiudag Tassadnsvosuummeiiosgnasiese
wiuwdnvieagiifeumumudetmuaselul iy
winduatsazdesgnadinlaeldindnnun 1.25
Taduns vseegililouvun 3.2 Tadwns szezails
SN, s, IYUALVINNLABIPNATIWIY

wannamu 09 Tafiuns wieealivilen 2.3

o
a 7 v v

fadwns  wdsuwusemuluNiuLenwaaLaz/vmse

)]

v
a ] |

Fudrurnsgazrosasradaeldinannaivui 0.9
findluns viieegiifloy 2.3 fefuns wfuuikedu
Tuazdosgeednation 75 Weddudvaswuuieiny
won dhnseuuazdUaldinannainun 0.9 fadiuns

viseegilitlen 2.3 faduns

nnAnINITwYItudeiuislaiienldian
Lﬂuaqﬁlﬂwﬁmmwmmaqmuﬂﬁmﬁmumm
aanuuulAsIveILUnAes Lisliaiuisanuse
ANULTIIULWITIU (AU X wagwau )  launnnin
40g wazaIsaVUseAILTIluuLIRe (wnu 2) 18
17NN 20

2. 353

nsoenuuulaTIveLUALAeIlia1NITD
seadusiomItsemimungléd Fauummednldde
wummesaenlndmed (Li-Prod) fidnwazidudou
NIINTLUBNAURIUAUGNATS 75 Tafiuns 817 394
fiodums (Faguil 1) dniin 3.15 Alandu de 1 fou
wssulilh 3.2 Taad o 1 Aou Tdemun 32 Aou
Tagvhnsdeuuueunsa yhlsldussiulniliaun
102.4 Tad dsdnduazdesinnmsusznouidshe iy
lnsnisuszneuweniulu 3 ya flgnas 12 Aou
dwm 290 (Fa3Uil 2) uaz yaaz 8 Aewdn 1 4
(FsguTl 3)

= =
E‘U‘Vl 1 YUIRVBILLUALADS

ME£51
T e



( :S I 003 1 msﬂs:*’gu?mmim?a‘ﬂwzﬁmﬂisum?aanmm\iﬂizmﬂvlm A39N 30 ME%H
5-8 NINYHIAN 2559 TINTAFIVA _w

LUALABS 1 4 NTUUIgosLURLADS LI
Jud foude 1 90 130091 1 Segment lagasd
anun 8 Seement  @alu 1 Seement ardedld
wasaugegaliAud 6M)  wazusasulwiihasile
WudlsAu 120 voC  leliiduluaungues FSAE
ol EV3.3.3 9nuummeiynag 12 fou a1ansauus
o8y 3 Segment Imgusiay Segment awilanwg
Fs3Ufl 4 wazam 8 Aeuanusausld 2 segment
Tagusiay Segment agildnunissgui 5

U 5

Y

lassvauunaeslu 1 Segment JULUUN 2

Tannldreegilillonusuinsa 5083 dvuin

AUNUNTBIFIU 3.2 TaBUAT LATYUIAAI LN
yosanadaiumii wds §18 91 furiaseudu
2.3 fladuns InodgaantAsmsed 1
M5197l 1 AruanTAvanenInLazINaYes
gilifloudaanyn 5083-H116 [2]

AMENTUANINIBAIN

ALY 2.66 N3W/gnuIen
LWURALLIAS

AMENUANING

AATIN 305 LWUN¥N1AA1A

WIINUIUNISATINGR | 215 Wwingwianna

uegdavesanmeavgy | 70.3 Aingwianna

gnautves 0.33

ANULTILNTIHDNITAE

159 WwWngNI@Aa

AMULAULRDY

190 ungWI@AA

= = < & 0 ee
waglivelasuALLdase uazilugailidnlasees
wusmasIiniulAsIsanesyan laviniseenuuulid
Tasandn (Mgud 6 uaz 7) Aseuadluillasewes

LUALADS

= I3 a 3
E'U‘Vl 6 Iﬂ'ﬁﬂ LAANLEFTUAITNHLLUILLII



CSTO0031

SUN 7 TASIVANIASUAINLLTILT

Y

lngdagildvinlasundndoanaininse
55400 lpednauauufnem15e9 2

A13199 2 AANTRNIINIBANLAEVININAYBALNAN

$5400 [3]
AMENUANIINIBATN
ALY 7.8 n3u/gnunen
LYUALLAT
AMENUANING
AATIN 400 LUNENIEAA

WSIAUIUNISATINGR | 205 WNgWIaAIa

wagdavesEnMEavey | 190 Angwiana

DIFRG PRI AR 0.26

NNTIATIERANLUT U Tv041ATIVDIUUALADS
sedsnsmelvluidiamudlanenisldnssuiunis
CAE  Analysis  1191n1594A518% Iaglalusinsy
Ansys R16.2 lunisvageuninuudaussveslase
LUAD3 NN SOV BNISL5IANILEIMLULITIU
(WAL X LAZUAUY) LAZATLLLIAY (Wnu 2) 1ng
§uBaanngdie EV3.4.7 wed FSAE Tagusedinggii
fulassweanunmedsztdunssillasewesuunneign
N3EAEAIIALEE 40 TuiiAn1annaLwITIu (Aegy
8 uag 9) war 20 lufiAvnanini (ﬁqgﬂﬁ 10)
I@sJﬂ'ﬁ"?meﬁﬁ?u%vafls%qm Fixed support ﬁg
yodlasanbniis 4 3 (Faguit 11)

a a . A P ' & A
ﬂ']iﬂiz“gﬂ’)‘ﬂ’m’ﬁlﬂiﬂ"lﬂU’Jﬂ’]ﬂii&]Lﬂiadﬂallﬂ\‘iﬂizlﬂﬂ‘l‘ﬂﬂ AWN 30

5-8 NINYHIAN 2559 TINTAFIVA

a dl = o o =
JUT 8 UUISITIgNWUAMBINTZYINAULASILUALADT
MEALSe 40g TuitAn1annuaesdye

SUN 9 kil saignuuanesnseyiniulATLunmes
MeALSe 40g TuitAnennuaesdgauasfianig
AUt

JUN 10 wiiusanigniuameInseyiniulasawunmes
PIUAINLIT 20g TUTIANIULIRAS



5-8 NINYHIAN 2559 TINTAFIVA

a A oA 4 . &4
( :S I 003 1 matdszgninmueietieiainaiaimnawislzindlng asin 30 ME_NE-I_I-
2016

7

UM 11 §Uuaneqn Fixed support flasamdniis 4

L
b.obh 0.200 {pm) ;
[ Se—

3 (Top view) i

JUN 13 sUuansman1sinsesimelusunsulase

3. NaN1INN83Y < w
VDILUARBDIYALIN 12 NDU AIUWUILAY Y

9INNSANYINUIT Arrunlausiveseaiiiley
Winfu 269 GPa WWelinsevinimudaussveslags
YoauunAoImeIsnsmellusibiaudlaonisld
N3¥UIUNT CAE Analysis 11vnn153tase Lagld
Tsunsu Ansys R16.2 lagldusefinszviiulasees
LuRABIFIEAMISe 40g Tufirmslununs (fagy
78 uar 9) uaz 20g TufiAmsuuafis (ﬁngﬂﬁ 10)
wuhiardugegafiintululaswosunneiyg iy
usn 12 fiou muwuwuay X (faguil 12) fie 1.21 e
GPa @ukuILAu Y (ﬁagﬂﬁ 13) Aip 4.48 GPa uax
MARUILNL Z (F33U71 14) fie 1.19 GPa

JUN 14 sUuansmansinsesimelusunsulass
VDILUAMDIYALIN 12 DU ANLUUINY Z

uazAnudugeaaiiniululswe Aol
ﬁgmﬁaaq 8 oUW AUWILNU X (ﬁagﬂﬁ 15) fi@ 0.88
GPa paMuIMNY Y (FagUfl 16) Ao 1.17 GPa way
AIULUILAY Z (é’fﬂgﬂﬁ 17) fi® 0.63 GPa

a8da 0.300 () ',L" ¥
L e—

0,150

a

JUT 12 Uuansmansinseimelusunsulasees
WUALRMDIYALIN 12 Bl AL X

I

oL 02100 {pn) ‘}“
L Ee—

0,100

JUN 15 sUuansmansinsgimelusunsulass
YDIUUAMDIYATIADY 8 DU ATUUUIUAL X



5-8 NINYHIAN 2559 TINTAFIVA

a A oA 4 . &4
( :S I 003 1 matdszgninmueietieiainaiaimnawislzindlng asin 30 ME_NE-I_I-
2016

ANULUILAY Z WINAU 0.63 GPa vinlianunsaunlas
voawunwesintlusanesyalvihdnAnwilaseng
Jaonsy

5. LONE1591994
[1] SAE International. 2016. 2016 Formula SAE
Rules Table of Contents, [seuupaulalll.

z

- . ’L‘ http://www.fsaeonline.com/content/2016_FSAE
_Rules.pdf (5/04/2016).
U7l 16 sUuamaman sl zisnelusunsalase [2] Aluminum 5083-H116; 5083-H321, [5UU
YOIUUAABIYATEDI 8 AU ALY Y sauladll.

http://www.matweb.com/search/DataSheet.aspx
?MatGUID=1efe7441a72fda22a53c0dc1bd9c87ec
(5/04/2016).

[3] Mechanical Properties, [syuupaulalll.
http://mechanichart.blogspot.com/2013/05/mec
hanical-properties.html (5/04/2016).

0.0 708 ri) JL‘, ki
—

0.100

JUN 17 sUuansman1sinsesimelsunsy
1ATIUBILUAWMBTYATADY 8 DU AULUILNY Z

4. ayuna

nnseseilagldisnismalnluidia
wiug dlinsuinlaswesunnesiiesnuuulag
1¥5aneaiiien anansovusioussiingzyhiulnssves
LUARB3AIBAIILLIY 40g TufiAvnemIusiu way 20g
Tufimsunfisld Inefidogdavosusadouvos
ogiillonindu 26.4 GPa  usiflothuniiesed Tng
THUsunsy Ansys R16.2 nuin lulpsswesuumines
LUULSN HRAIALAULD91nAE R IuLEISIU
AIULUILAY X AU 1.2 GPa LAAAIAIULAY
1{9991NAI LS IMIURLATIUAINRLILAY Y AT
4.48 GPa uazinAIAUALLEDI9INAITIRIY
LUIWAY Z AU 1.19 GPa warlulasivesuunimes
LuUfiaes LAnA1AINL AL INALLT IR
WUITIUAIULLILAL X 1YI1AU 0.88 GPa LARAIAIY
AL 0991 AT LLTIIURUITIUATLULILAY Y
Wity 1.17 GPa waziinAauduiiosainanuss



