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ABSTRACT

The objective of research was to study and analysis the Electric vehicle
structure of Rajamangala University of Technology Phra Nakhon. The Electric vehicle
designed to save energy, protect environment and cognitive development of student
by used the computer software help in the design, Material selection, Finite Element
Analysis, Appropriability of the Electric Vehicle Structure and displacement of the
vehicle structure by using the computer program help in the calculation for the Finite
Element Method including to the development of engineering skill. The research must
to create the Electric vehicle prototype to suitable and the structure have lightweight
and strong for the electric vehicle and focuses on energy efficiency and the material
of structure used steel pipe. This research can use to other working structure and
future vehicle in sustainable. The vehicle has two seats, Capable of running speed to
0-80 km/h the weight at the vehicle structure not over 100 kg. And the material of
structure used steel pipe. This researching can use to other working structure and

future vehicle in the sustainable.

Keywords: Finite Element Method, Displacement, Electric Vehicle Structure
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Abstract

In this study, static and faticue analysis of three different electrical bikes’ rim which

are coupled with electrical hub motor was investigated. Loading conditions were
applied on rim in order to simulate driving forces that exert on road conditions. Analysis
results of three rims were compared with each other. According to results, sharp edges
increase von-Mises stresses and decrease fatigue safety factor due to stress
concentration on the corners. Also, it was observed that contact area of spokes to
flange affects the total deformation and von-Mises stress distribution. Three
dimensional models of the rims were designed with the aid of CATIA V5 and

their computational analyses were carried out with ANSYS WORKBENCH software

program.

Keywords Rim; Modelling; FEM; Electrical bike
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https://www.rroij.com/international-journal-of-advanced-research-in-electrical-electronics-and-instrumentation-engineering.php
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Juneuiliinisfinyinuaens dnyurdnnsiagauauTRineIN1sI0930 INT1EAY
Iitoyaluiniseaniuuilasrunazasnanuuuuiing

=]

3.2.1 AENUAYDIIA
1) Tnssadrsvessadimidnun
2) gwnsatld 2 au
3) spaun303laA1357 0-80 Alawuns/47Tus
4) SuipdeusiesyuUliig e

3.2.2 AauanUAvaslaseaing
1) Tassadsdibminlaifin 100 Alandy wavdutminlunuansld 1
2) Tassadeesiimnuudusasioslagansansnsatald 2 au
3) Tassadsvossandausailosadsiicnmds 0-80 Alawns/aalus
1) TUTEMTUINITEUUTUIAR R LS LURLADS LIBLADS ARES 1ne
LazaUnIninigg

3.2.3 N155UUMLNYelATed319 (Load) N1s5untnueelasaas1auudoants ¢
A1519 3.1



A1919 3.1 A15EANsEYin (Load)
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asefinsziin (Load) HvHn U TN
kg kg
AU 80 2 160
amas 7.5 kW 72v AC 7000rpm max. 38 1 38
LL‘UG]LG]E]% JLFP-30HL-BS 2u1m 12.8v30Amp 2.96 6 17.76
SPUUTULARBUNAYTEUUIUSA 50 1 50
RIEEDR 30 2 60
Uiz 25 2 50
\Aes 45 1 45
vorRnsEIusam 20 1 20
UoRMAIAUANTEINUTN 40 1 40
vorRnsEIUs IS 35 1 35
394 15 515.76

1NM1519 3.1 Tn1seinserinnulaseadnavessalawn Ay, 1awnas, LUALABS, SSUU

Tuiadaw, LN, 1eds, Useg, s, ved udavdrudiminlduirduuazdminlaysiy

PNIAUALYINAU 516 Alansy

3.2.4 AuautRvasian n1seenwuuTudulranniukstlaegeUasndy doewuladn

Anuduiinduaislududivliiiuainuudausswestannldvirdudiutu d1nlulan

Uszammanuilen sgldnnuddiyiudiruduiigansin (Yield strength : Sy) wszilu

ANLAUYINITTagsuasugUeg1ans suilidudiudenis Jagnianusevaty

giauminuae azlifinuAuiignasin Issedddrnnuiulsedy (Ultimate strength :

< ¢ o =
Su) Wunawimvuannudsnglunisesnwuunin 3.2
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Taduindndiv
intiontu

yaUizay

[.3

TARANAN
E

AR LR

©

HD— @ ATIATIAR

AN 3.2 LAAIANUAURNUTTEWINIANULAUNUAINULAS YA
AU NSNAADUMIELSIAG (Tensile Test) (2557)

90w 3.2 Tuis OA nsmazludunsuansitauaieauusiulaenseiv
mnuAuiUdesuTIRteanagaznduAuan LAY 929 AB N3y EulAELULIINAN (29
duq) 90 B 1 dugaaaediTanagnduAuanimauld 90 B13endn Inarfnanuiangy
(Elastic Limit) 929 BC nymwlazldsuuuludnszognils Weiasgn C Sanazinsneenldiodlng
lifesoonusufindu 9a C \3und1 99a3n (Yield Point) Jugauusseninanishiugluaznis
As5U ¥2a CE n319zlA8199n90 C iilovenusefaianazdnseludnauiega D dudy
geaniivanasua Wil 90 D Bendtgauseds (Ultimate Strength) aniiutagasdn
AI90NLBIAUNRN E Tanazv1neenaIniu 99 E 138031 9auandin (Breaking Point)

faniidonldlunuitediduriomanlassadns (55400) annsandolddne wagd
AMANURAIANTIG 3.2

M99 3.2 pauanUivesieimdnuiles S5400

Strength
Standard Grade Yield Tensile Elongation
N / mm? N /mm? %
TIS 1479 SS400 235 402 23

AY: VSN inBauvia 379m (2559)
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91NA1979 3.2 AuaNURYeLran SSA00 U1AsgIUN TIS1479 dgaasin (Yield
Point) 8¢l 235 N / mmz FsmAdeilldgnilunsesnuuulassadesasudlindunuudud

msisuifisunuaniBveuvdnsunssanFemanlasiaiieialy Tunisidensn
Tvilassadasn auaudRiideinisdo ufauss aunsodatusuld ey mieldine uasd
ARz auAe vieman(Pipe) SS400 Fam151a 3.3

M99 3.3 psnadSeuiisuveananguns s

vinvauunansunsseal
= [-BEAM L-SHAPE PIPE

NAFDUANULYIUTS
Lx (NSARALAILAY X) v X -
Ly (M3AnlAaAU ) X - v
Torsion (k330A) - v
Tensile (L5974) v v
Bucking (n15lA90) . X v
Appearance (AMUAILIN) X X v

V=@ -=@wney)  x = (Uew)

yun: mslaviewmanlulasinisneadsvwining, aadunia adslveine, (2559)

] v ~ ~ ) < v
INANTN 3.3 wnulddndeweuiiey JUnsTiuAuLlTvedlasasng
Y94 VioWANTUWMANFUNTIUDUY 018U -Beam waz L-Shape vziwiulsiviowman tuiide
Iehuseuynanu lddnazdunis daltadlusuannu X nsdatddlunuannu Y deluwuownu Y
& A v =~ a d Y < P A a ~ o 1 I °
TufedlaSeuile Wisuieuiumanlaseasiegunssadug fe Weauvismanluyi
1AT9a3 19Ny Y fadusuinsunsiay wWolSeuiisunu -Beam @9luiliilamanazyinli
Tasaadedule wazlassasrandnunssuasiiduaumifeonsuladolasuusnseyinge
f1519 3.4

A1519 3.4 Awsudnvenlvveslasiaswieonan SS400

1 1 o/ lﬂl [ ¥

AduRNgauTula
UINUTINNALN L/120
UMINUTTNNIS L/360

fun: UST wUBnlndd $1im (uvna), (2559)
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91NA1914 3.4 LAAIAILBURIVRIIBImAnIUIANIATE U Tand 2 9dalaun

o

NUIINNASTINAY L/120 wazdmiinussynaswindu L/360 lagldssesuaignsessu
Dusiass

o
=

3.3 N1592NULUULNBNINUASIYAZLDYN

3.3.1 ngufn1sAuIniadaanssy luniseenwuulassasiamamnssuiiamud iy
ag98lusasnuudaussvedlassadradusgiaunn dauiesidafsdnvuzve s
nazviuazAmuLduswesian Ingldvgufanuduvesia

3.3.2 AnUUaannY
1 v a a (% Vo 2/ (% L3
AAUlaeadeiiuauUasadeluniseanwuulvdslgnasie Jan qunsal
masnaneunvue genwanmbilasedunis Wedsasnnsalliunid Judruiignesniuy
aelaamnudasnadedansdivaiazineslssegnaunasiiagningnyauanin yanaeulin
nuld AodngusrasAndnveamsiieInuUaendefmisg 3.5

A13519 3.5 ARuUaenny (Safety Factor = S.F.)
vllavaedsn nIsunse Safety Factor

S o

widnmilea (SS400) AnwaraUsIauan 1.8-2.4

a1 enelany; sAUTTas Asila,se.auiln dnuasena (2551)

NA1519 3.5 1uAn Safety Factor vasndnimiien (SS400) nsdisunnse

[

anwouzduausaaudlildan Safety Factor Wity 1.8-2.4 Fsifideldidentdlumidedl

3.3.3 Anuuigaulildla anuruneaulilyle

Olim
Oallw = T T S (3.1)

1% v A 1% N
nelh oy = ANuAuneeulrlgls =)

£%
= 1

Olim = AVUAUIARTUagiuNTTUMIELaranvuEMsitny  (—
mm

)

3.3.4 mylaTzidieisiwludiedmuddeTusunsy Tinquszasdiiieanniugssn
Fudeuvesnsdumeiie wazfianunsaagunanisiinzsioonuidunim awnsode
anudlalding denldtanldmnganiuay andunuuanfuifeldludedmnssudou
3084139 Reversed Engineering i 3 NS3UIUNITAININ 3.3
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/~ Preprocessing \
. o Solution Postprocessing
m‘aﬂ’mumaﬂ
) ATUIIHAR LAV NTUARINAINATT
WsansEYn L[, N )
VINBINT WATIZN

\_ N15dudn J

AN 3.3 TUNFIATIZU FEM
fn0: NTIATIZAANLLTNSY; SA.ANTY Aszgansndvidanms Jsane; (2549)

100 3.3 Hunisuanstuneniinginnuudeseineisivludiedumd
wiau 3 nguldun ngud 1 WJunisdmuaianliiulaseaine msmmuaussnseindy
Tasaads mafvuaiuriinisdudalassaine nguil 2 Wumsdmnaedmuduayaudu
ineqiiiinfulassaenelusunsunouinmes nguil 3 MIuansHaanATiATIZRveAN
WushegiAntuiulasiasa

Tunisldnisiiaszinuuduseveslaseasiese o198y uinieiminssy
wipsfinudiuguludiuneniuy 1wy Aranduvan, Audy von Mises, AnsALe
A51n (Sy), ANULAUYTESE (Syy), TNANNEINNTAVDIAIUAULTIAS (Sp), YA INEINNTOVDS
ANIALER (S, Mmasadeuarszeziadeusn (udu Fuzannsaasuiuiiooniuuin
Uapndeniodneainaudene

3.3.5 nsiavuaedinud nsiienldylinvesediuudlulysunsy SOLIDWORKS
Simulation fiaudAgnizazdmadionugnasslunIsAIMLazdRatonuLiugly
sdrassaaunsaiingg Tsunsuazlileduuddiduiindadunuugunseavihdmivau
v warlfioduudsunssanuimioudmiunuiui Tsunsuasliisaeauuuilunisata
ORFSRluR duedunsidduiiaes Ifnofuudinsmnuih Ssdduiiaesiifoanuuy
wdesimunies Tuagiudoamanruasdenuararuuugunntiosiiodls uandoadiae
auudazdenuniavdmalinisinszildiaiuuniuluiie

3.3.6 NOB)ANUEFINIY ANWAUANIINLIINTEITUAANIE 3 UIMAY LAZNITNIAN
ArLAugeEluAazszIIULEITeNT1 ANAAUMEN (Principal Stress) Faiifimyadaanfiy
'ﬁzmu%aﬁﬁhmwLﬁul,aauwi’lﬁ'uqué AUNTVIULNUAIEAILUT Oy, Ty LAY O3
PN 3.4
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D ("

AN 3.4 ANUAUNTZYINUULDAIURLUSZUU 3 TR
N NNTIATIEAANULT LSS, A.ANTY ngaﬁwémiamws J901y; (2549)

NN 3.4 LAAIALLAUAIN9TUIZUIY 3 3R wavarunsathudansluszsuiu
douliflvemArANuAudauaEn LA INANNEITUSYRIENNTT 3.2

01-07 0,03 01-03
TXY:T; YZ:T; X7 = o e (32)

ArmAudougEnanysal (Tmay)abs= Txz Hennnudundnfiinniudouls
g, > 0, > 03

3.3.7 npegadnanduiRaugegansaulild mnnguianudemelamvuaaunisaing
\AuLeuganfigaulilanall

Tmax = ANAUAUIRBUGER

Sy = ANANULAUAATINGIER

(S.F.) =amnuvasnny
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3.3.8 NuANUAUNaUTaLE
arnuduouiawaduiiantud mezinlflunseeniuutudiuedosinsna Tu
wwdlud 3 117 aeildndszneuresn iy 6 Muds lauA dy, Oy, 0z, Tyy, Ty W0 Ty,
Fanndl 3.4 aufuazulsmufianaunsnnuduiaan (Normal Stress) uagaaaéy
\dou (Shear Stress) TngfvuafuUsmuszULAEAATANIIYBILNY Benudusiudves
mkUsauAuReustldaunisauna uazlinnuduiusasauns 3.4

Ty = Tyxo Tyz = Tays Txz = Tax coemoemsemsoesssesssesssesssessoe

#1N13AUAN Von Mises anunsadisulugudiulsainuauges dseaunis 3.5

O-VOD mises:\/O-S((Ux - Uy)z + (Uy - Uz)z + (Uz - Ux)z) + 3(szy + szz + Tzzx))- (3-5)

Sy Sy

(S.F.) = : e e, (3.6)
Von Mises Stress  Ovyon mises
e Ovon mises = AMANLAUNDUT ALY
Sy = AIAIULALIAATINGIER
(S.F.) =@anulasnnty
& Maxvon Mises stress ] (3.7)
O—VDHM.I_SM{]_
T Limit
@} |Max Mormal Stress Rl (38)
-, |
=g |
| O Limit
2 ¥ g |Max Shear Stress [Tresca) v] ...... (39)
=
| max {:1
0.50um

nddunisisusunslsusuulagazideaiiarinnisuanlaseasausasaduLuull

JUADUVDINTLUIUNNTODNLUUAIN

3.3.9 M33uUVENAd Mnfiladnwianannssuvessalihluuny 2 Fslddeaguves

. =% o & & d' [ . Y a [y a N !

concept design FIUUALUUNNIVBINITNN Drawing Sketch Iﬁlﬂammﬂmm%qman@ gl

sUs1amtmvessadnvgieenuluguuuule WederenisAnuazsansilunisdndulaly
nsiienguiuukaznslastasnimgand miusaAul danm 3.5
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AN 3.5 LUy Sketch

I [ Ay Y oA Y a v v =
N0 3.5 Wunmsananmisesnisnelelndifesiuwuuiisenisuiniign
Wetiglunisasilaeluniseenuuumsunssiimunzauuazanulululivedasiadaiie
ayumunsaimInzauiign

3.3.10 wuulaseadnsluna 3 i 91030 sketch wazgunsaiTudiusanildtmuald
u selufieslutuneumsesnuuuluna 3 34 Lﬁ‘lEJLL?INLLNGiNﬂﬁﬁﬂﬁi@Iﬂiﬂﬁ%’NLLaﬁgmi
lnludiafuud sULLUUGUaaImaaiwuaammaﬂmuuummmL‘Uumawmwvmamku
R R o (e LazsFuANYRIgUNSTBenUUUI Nz VS ol Han il
3.6 wansfiavansivavesauvduse mﬂmwmﬂangﬂmwaﬁaLLuuuaulwamuaumm
Liflaudoundu glannnisuanmavesrusiluninanan
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667.000

571.714

- 476.429
381.143
- 2858
- 190.5

Velocity [m/s]

Flow Trajectories 1
Flow Trajectories 2

Elrw Traiartnrioe 2

A 3.6 IATIZINITATUALVBITANDIIINAIULS

NN 3.6 handlmiiuinienienisluavesauroutiesiuseulifiandaundu
Aatugunssvesiisailuiuinela

Weldsuuuuitasszesdiisanaisuiinisleusuudulunma 3 I8 niouns
Muuavualeswuiianseun siaeiinludediuug danim 3.7
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Car Structure
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1]
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LIBAR:
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AN 3.7 LUUlASIEsesn
9nAm 3.7 Madeusuuluma 3 nasedsudes lunuisedendouluna
30ATuw 2 Ju Ao lassadeiildviamdnauin 1 47 (Model A) uazviawmdnuuia 3/4 @9
(Model B) tiiaid3aurfisulun1sitnsizianinundausslunisdenlaseadreiimunzay

AININ 3.8
yawidn 1 97 (Model A) VNowan 3/4 @ (Model B)
UninvadlAsadsne = 87 Alansy YN ve9lAsIdse = 65 Nlansy
S

Material (3&9) = SS400
Density = 7850.00 kilograms per cubic meter
Center of Gravity (CG) U83lA39a319

*Front *Left

 — e | o

A
ﬂ“ 1]
: |

S _.!»,Z_‘%?l )\x

*Top *Trimetric

A 3.8 Tulea 3 07 vawialnan 1 dauayviolnan 3/4 17
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Juu9e 2 lautea Ao wuuviewan 1 4

NN 3.8 BLUULATIASILULAS 3 ARTUNIYVIS
2 N wazyn CG Wity

(Model A) wazvialndn 3/4 97 (Model B) wiaudun
TUPaLNBLASIUNALIINNITILASIZA FEM

1%
[y o

MUAIER U
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3.4 ASTUIUNSHESISAULUY
gy ldndsanniviimsasunanisiiese FEM wagldlassadeiudausanuaiuad
Foensuds FudiswaziBenlily nMawuan v
dlefinwmsesnuuudsimnssuuaziniseenuuuluea 3 SRlasauds ez
MTAEianundssadeidliludiediuud FEM fdunoufisniu wu NINNUAAEN,
fuslvanrsensEiinssih, fuun element Ssaznaniluunssly



uni 4

ANSNAFDUAULLUU

JUADUNITODNLUUNIIAINTTUAINNAIIIUUNT 3 Lo unITaS19AULUUATY
LUUTNDNLUULILSEUSPELAY hatluuNinaI0aisn1snaaaudukuulaneglgluswnsy
AUNILADS Heasaludl

4.1 N199NLUUNIINANDY

4.1.1 nsnvuagadna Jupeussluilunsimusgadaliiulasasisfziluiiums
YosunuBnau3ldnuazilugnsossulasiadianavun fanm 4.1

A 4.1 UanIN13as19908n (Fixed) MlAsasg

I3 v = Yo v ° | Ay o
a7 4.1 WWumsafraedaliiulasaiimusiuidesniuula
AMUUA AN AUALTINNTLINNUTASIAS 19 IUa ludumnausa by

4.1.2 AMRUAlNanunIan1seNnsenn tlalaniseNnsevindulaseasanavun
(31913719 3.1) Jainuanseiinsgrivalassaiivionun ludunsuilieanuuus1auiniie
gunsalvsedievlsiiudnlunienas Asnn 4
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AN 4.2 LanansInnsevinmelassasteneluiadagans
NN 4.2 LAAINITLVBINANNNTLYNAUIATIASS FIRNS199 4.1

A58 4.1 AMUUALTINTEYINUULATIAS

Asiingzsin N (f261u)
F1 3000
2 1000
F3 200
Fq 200
.5 300
F6 200
F7 200
F8 200
F9 200
Tnaniinsyyinfulassadeiimunsau 5500

WIBANNUANITEUULASIAS 1V NUALAITUABUAB LUILANNUAAINUAZLDEA T UNNS
L ATIZAAIULD T

4.1.3 A1vun element 1Judunounisasna mesh %39 element Tifulassasiatiie
ANuAANNAZEATUNITIATIZY TuRaUTlUSENSNIzA Al RTR USRS aas UL A LS
IR 4.2



M99 4.2 AINUALLIUA ratio mesh UBILDAIUR (Element)
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Model Element Analysis Element Properties
L — Jacobian points At Nodes
Study nameCopy of [Copy of [Static 1]¢-Default<As Machinad>-) Jacobian check for shell On
Plot type: Mesh Mesh Quality2 Mesh Control Defined
Max Element Size 21 mm
A Min Element Size 1 mm
Mesh quality High
Total nodes 11284
Total elements 5352
iviadelinare BeS 00001 Jacobian points At Nodes
i;:j: :yl:i::ij;ii?HrDekas Wt Jacobian check for shell On
Mesh Control Defined
B Max Element Size 21 mm
Min Element Size 1 mm
Mesh quality High
Total nodes 11365
Total elements 5432

M
Y.

1NAI519 4.2 LARIAINALLDEA ratio mesh ¥89.88uud (Element) ¥a9luna A
Lay B LLamﬂﬁLﬁudﬂmmazL%ﬂﬂiumﬁmeﬁﬂwﬁﬂmmamﬁsmqq 1A8UUNAVDIDRLUUA

Aan 1 Uy, Wavasanliiv 21 uy.

dloldimuungada n1s3ulvan wazedmudliiulassaiaadowds ssihnmsiesei

ANULTITIURAlIAg A uag B LABIIUNTIATIERAMLALARINGIER, N15IATIERAIY
LAULRBUEIER, N1TIATIEVNITUBUGT, N1TAATIRAIIUAY Von Mises Stress, N1TIHATIEN

maANulaenie Safety Factor Laglhaninadnassnsitasizs FEM luunssld



uni 5

NaN1579¢

AINAITNAADUAULUUNNAINUUNT 4 1aR 1 UNISNAFDIAIUTUADUNAINUA LY
wazrluunidyinn1siaTIzRaNLTdTIedlasiadnei 2 lunadeldnanisnaasssssaluil

5.1 dan1Inmnasy

5.1.1 nsAaszianadunsaIngega un1sinseivianuiuiinsgridaainiu
ldl L4 o U

&
NUNAUIAA AR5 5.1

M99 5.1 MIAATIENALAUAIRINEGIERA Normal stress

FEM Results
Model

Normal stress

Madel name EV-5T-000-00 SZ (N/mmA2 (MPal)

Study name EY-ST-000-00(-Default<As Machined>-}

Plot type: Static nodal stress Stresst 59181

. S0.758

- 42334

Deformation scale: 111.419

- 335911
_ 25487
_ 17.084
8640
. 0216
L -B207
L -16.631

-25.054
-33.478
-41.901

Model narme:EV-5T-000-01 SZ (Wrmma2 (MPa))
Study name:EV-5T-000-01(-Befault<As Machined>-)

Plot type: Static nodal stress StrassT 85 643

l 70.347
. 52047
_ 33747
_ 15446

Deformation scale: 792618

_ -2854
21155

._ -39.455
| 57755
76056

-94.356
-112.656
-130957
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N5 5.1 WaRHaNITIATIEIANAUARINTuLuNUawEAvatliag A Uag
luaa B BaHa1nnnsiiasigianuauniainlukuiknugeanvedduna A windu 59.1
N/mm? LagHaINNITIATIANUALRIRIniuluLNuaEalues B v 88.6 N/mm?

5.1.2 n15AAs1giaaAudaugega Wunsinssimanududesuiinsgyindu
WuANThen 69p1519 5.2

M99 5.2 MIAATIENAUAUERUEAIEA Shear stress
FEM Results

Shear stress

Model

TawXY (N/mmA2 (MPa))
Model name:EV-ST-000-00

Study name:EV-ST-000-00(-Default<As Machined>-)

44.995
Plot type: Static nodal stress Stressa . 38510

Deformation scale: 111.419 v 32025

> _ 25539

4 5 ) . 19.054

A = _ 12569
j l 7 il 6.084

| Ei i = = H -0401

] ; ‘ | 6886

L" h y L 13372

h/Il = » '.._ “' =l l -19.857

\ ; i fo Y = -26.342

=Y W A A F -32.827

Yield strength: 235.000

TauXy (NAnmA2 (MPa))
Model name:EV-ST-000-01

Study name:EY-ST-000-01(-Default<As Machined:-) 61.839

Plot type: Static nodal stress Stress4 50.258

Deformation scale: 79.2618 46677

- 35097
- 31516
L 23936

16355

l 8774
L 1194

_ -6387

-13968
-21.548
-25.129

Yield strength: 235.000

NATN 5.2 kanamansiaTzinuiudouggavadiing A uag B Jwaan
N15IATIEMAURUEIgAYeluna A WU 45 N/mm?2 Laghaainnsinsieiaudeou
gegalaaa B iy 61.8 N/mm?
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5.1.3 N15IATITHNITHIUAD L DUNITIATIEININITLIUFIVDILATIASIT FHIRN519 5.2

A1979 5.3 NITIATIZIANITUEUAD Displacement
FEM Results

Model
Displacement
hodel name £Y-5T-000-00
Study name EV-ST-000-00(-Default<As Machinad>-) URES (mm)
Plot type: Static displacement Displacernant?
Ceformation scale: 111,419 2.037
. 1867
. 1697
_ 1528
A _ 1.358
_ 1188
1018
. 0345
L 0679
_ 0508
0.339
¥ l 0.170
zJ"X 0.000
WModel name:EV-ST-000-01 U Gl
Study name:EV-5T-000-01(-Default<As Machined>-)
Plot type: Static displacemnent Displacement? R
Deformation scale: 79.2618 l 2658
L 2453
. 2208
o 1962
_ 17T
B 1472
. 1227
""" _ 0981
L 0736
0491
i I 0.245
K;-.J 0.000

NAITN 5.3 LARIHANITUATIENAILBUAIEIEATRLAR A LaE B FINAIINNTT
WATRNTLBUmaEavadluma A Wiy 2.0 uy. uazluea B Wi 2.9 w.

5.1.4 N1593AF12AUAY LTUNTIATIZIIALe Ul ULeALLIUA 3 TR Jdiulsynou

v Y v 1 v ‘NI v 1

VOIAPULAU 6 FLUT taln Ty, Ty, Oz, Txy, Txz 4o Tyy S0 3.40701AUZLYS

ANUTANIVDIAIINLAUAIRIN (Normal Stress) kazAinuiAuRau (Shear Stress) Iagnnun
AL UTANUTEUIULAZAUAANIIVDILNY TINANITHATILVLARNT HIA1519 5.4
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A1519 5.4 N1SIATIZRAULAY Von Mises Stress
FEM Results

Von Mises Stress

Model

von Mises (N/mmaA2Z (MPa)
Model narme: Ev-ST-000-00

Study narme:EV-5T-000-000-Default<As Machinad>-) 105 302

Plot type: Static nodal stress Stress10 l 96560
Deformation scale: 111.419

. BI7E5

- 79.007
70228
61450
52671
43893
35114
26336

’ e |
""" 5 | ! 17557
i 1114 1 8779
. 0.000

Yield strength 235.000

von Mises (N/rmmA2 (MPa))

«ST-000-01
ST-000-01(-Default<As Machined>-) 329302
. 301860
L 274418
. 206976
. 219535
. 192093
164.651
137209

_ 109767

Study
Plot type: Static nodal stress Stress10
Deformation scale: 79.2618

82325

i 4) I

‘.\J
* Yield strength: 235.000

AR5 5.4 LAAINANITIATIENAULAL Von Mises Stress 1 Un15IAT1EA
wausuluediuus 3 I3 vosluea A waz B S9Haa1nnnsiasIziiiau Von Mises Stress
gegnvadluiag A Wi 105 N/mm?2 UaghaaInnIsiasIgilal Von Mises Stress g4a
T8 B winAu 329 N/mm?2

5.1.5 nMszimAIaulasnne Tunuideveddassaissaduiaglinnuddgyiu
AAULALTIRAATIN (Yield strength) imsisiduanuduivinliianisulaeuslegnannis
durlivudrudsedalusnsulainnisinsizial #an1s1e 5.5
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A15719 5.5 MTIATIEIMAIANUaeAN Safety Factor
FEM Results

Model
Safety Factor

Model name:Ev-ST-000-00
Study name EV-ST-000-00(-Ozfault<As Machined>-}
Plot type: Factor of Safety Factor of Safety3
Criterion - Autornatic
Red < FOS = 2 < Blue
s

ZJ‘X
Wodel narmeEV-5T-000-01
Study name:EV-5T-000-01(-Default<As Machined>-)
Plot type: Factor of Safety Factor of Safety3
Criterion : Automatic
Red < FOS = 2 < Blue
N

o

s

NANTN 5.5 LAAINANITIATIZAMIIAIAUUaeAY (Safety Factor) veodluing
Augz B Sawaannmsiasizdmaimiutasaiovaslung A Wi 235/105 = 2.23 Lasna
PMNMTIATIEIIAIANUaennsvadlileg B AU 235/329 = 0.98

dlovmsiaszdanuudaussedding A 1ay B LazlaninasiasinsIasz
FEM msdnsigsiaindusiaaingsan, malinnesianududougean, maliesedimausy
§7, N153LATILRAULAY Von Mises Stress Lazn153LATIERNIAIAINNUABN Y Safety
Factor 1ufidaudosudn asvinisedusenailasadnfimunzauninduluma A vis B
Tuunaaly
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31A5189% FEM waziimaluuniinuanedusevemaiintuiiluma A uas B Sanuuduss
Weanensolifiaziiuiiilassadesalifiivesundnedomaluladssusnanssuns
Sasoluil

6.1 Yodnnavanatazlgynivana

6.1.1 ﬂ'nul,ﬁ'uﬁgemnqeqﬂ mamﬂmﬁmeﬁmmﬁuﬁ”’qmﬂiuumLmuqqqmﬁuaﬂuma
A WU 59.1 N/mm?2 Lﬁaﬁmamﬁmswﬁlﬂﬁgﬁ]ﬂuaumﬁﬁ 3.8 azl¢l 59.1/235 = 0.25 &4
fAiosndt 1 uazwanmPiaTgianuduieinlusuiunuggeluna B Wiy 88.6
N/mm? iiletinluiigailuaunsil 3.8 agld 88.6/235 = 0.37 Fadartiosnin 1 Fsnanns
Ainswilaseadion 2 Tumaiinnnuudeuss

6.1.2 AULAULADUGIEA NAIINNTIATIENLAULRBUGAAvRlUAg A Wiadu 45
N/mm? letmansitasiesiluiigavluannisi 3.9 agld 45/(0.5x235) = 038 Fafldiion
i1 1 uagnaINMTIRTIEildudeugeaaluing B WAy 61.8 N/mm? et lufigaily
aun1s7l 3.9 a¢ld 61.8/(0.5x235) = 0.52 Geflertiosndn 1 Fsmansiasizilaseaiasa 2
Tuwadinuudaunss

6.1.3 ATUBUAD NAIINNITIATIENNTUBUFIAIEATDLULAD A WU 2.0 LY. way
Tuwa B wihiu 2.9 wu. Wawflsuiunsned 3.4 msusuiivedassasiwioman SS400 gedn
Neousulivindu 1673/360 = 4.6 uy. Fanan1TATIAATIETNT 2 TuaadAundaunss

6.1.4 ANUAN HAFINNITIATIEMLAU Von Mises Stress geanvadliing A wiiu 105
N/mm2 Lﬁaﬁﬂiﬂﬁqﬁ]ﬂuammiﬁ 3.7 9518 105/235 = 0.45 JaiAiosnin 1 uaskaINms
AATIZIAU Von Mises Stress geanlaiaa B infu 329 N/mm? lethluigaifluaunisi
3.7 9518 329/235 = 1.4 Haflawnndn 1 Fawamsdaszflassadialuea A Sannuuduse
uAlaseas1avadliing B luudauss

6.1.5 A1AUYARANY HAIINN1TIATIEINIAIANUARAdBYalIAa A LNAY
235/105 = 2.23 Wietluiieulunsei 3.5 Aanudasadefiseulilade 1.8-2.4 deegly
Apeulild kasnalINNITIATIIIAIANNUAendevedliag B Wiy 235/329 = 0.98
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FaTlAeNINAIANUUaBANETUAITIY 3.5 AIUUNANISIASIZAIANNUADANEUDILATIASN
13198 A TAundanss walasaas1rsvadluna B luwdass

NHANITHATIZI FEM Tunaniundesu ladnunyinnisiuSeuiisunanisiesig
ANULTITIaluna A wasluna B sanis19 6.1

A1519 6.1  LWUSHUgUNaNITIASIERRNULTsIvadluaa A wasluna B

Model
FEM
A B

ﬂ’li?;l,ﬂ'i’lzﬁﬂ’;’mLﬁuﬁﬂmﬂqaqm Normal stress 59.1 N/mm?  88.6 N/mm?
NTIATIRANULALLADUEIAR Shear stress 45 N/mm2  61.8 N/mm?
NTAATIERNITLOUAT Displacement 2.0 . 2.9 .
NNTAATIERAULAY Von Mises Stress 105 N/mm? 329 N/mm?
MTAATITRMAIALNUGDARAE Safety Factor 2.23 0.98

1NAITN 6.1 A1YBINITIATIEY FEM LAAIUAUTINGdALaZNITHEUMINLAR

[
= U

Junuluwma A aziesninluwea B kazAimnulasaneinnduiuluma A asuinninlung B

[ '
LYY 1

AaluLanedn tuwa A daauaudfuinnda luea B FauaninanisaAusnen1sinsziaiy
ugausauadliiea A uazluna B FaR159 6.2

f19149 6.2 Nﬁﬂ’]ﬁaﬁﬂﬁﬂﬂ’ﬁ%mi’]a‘ﬁﬁﬂ’ﬂmLL%QLLN%@QI@JL@@ A LLﬁ%IlILﬂa B
Model

FEM

mﬁmswﬁmmLﬁuﬁqmﬂgaq@ Normal stress

NTIATIRANLLALLADUEAR Shear stress

ANFIATIZNALLAU Von Mises Stress

¥ ¥ X N\ Nl

a 6 1 [
ANTIATIZIMIANAINNUADANE Safety Factor

A
v
v
NTAATIZANITUBUA? Displacement v
v
v
X

v piu

11919 6.2 uandliiuinlassaivedinea A Sanauifvsnzauiioziinm
a519salnirvewminedunaluladsvuenanssuns
ety AN15aMIAULT I IFEATeluea A Fanunsosulnanlaesnlunwans
1#vinfu 5500 x 2.17 = 11935 N w3ewirfu 1193.5 kg WieUszana 1 #u dailnuantdd
AuTIfeInS
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IRR Waw Pay Back Period atayasaluil
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2) CF Out
3) Net CF
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8

) PW (Present Worth)

) Smsrmenite (10 % sied)

6) NPV (Net Present Value)
) IRR (Internal Rate of Return)
)

Break Even Point

9) Pay Back Period
13RI NPV wag IRR Tusseziian 5 U a1nkduasu 3 d1uum eglddns
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wsaulnfidnevnzl¥nnse (No-Load Voltage) 67
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Finite Element Analysis of Electric Bike Rims Coupled with Hub Motor

Ering Uludamar', $afak Yildizhan', Erdi Tosun' and Kadir Aydin?

'Department of Mechanical Engineering, Cukurova University, 01330 Adana, Turkey
2Department of Automotive Engineering, Cukurova University, 01330 Adana, Turkey

Abstract

In this study, static and fatigue analysis of three different electrical bikes’ rim which are coupled with electrical
hub motor was investigated. Loading conditions were applied on rim in order to simulate driving forces that exert on
road conditions. Analysis results of three rims were compared with each other. According to results, sharp edges
increase von-Mises stresses and decrease fatigue safety factor due to stress concentration on the corners. Also, it
was observed that contact area of spokes to flange affects the total deformation and von-Mises stress distribution.
Three dimensional models of the rims were designed with the aid of CATIA V5 and their computational analyses
were carried out with ANSYS WORKBENCH software program.

KeyWOl‘dS: Rim; Modelling; FEM; Electrical bike
Introduction

Nowadays, electric vehicles are becoming more and more important
due to financial and energy crisis in all over the world. Electric bike
which is a bicycle with an integrated electric motor, is one of the most
popular electric vehicle in many countries [1,2]. In Asia, there has
been a large increase in sales of e-bikes and in Europe even more due
to its advantages of high efficiency, almost zero emissions, low initial,
running and maintenance cost. [1-4].

Tyres are the only part of a vehicle which directly contact with the
road surface [5]. Rim, skeleton of the tyre, must be light and provide
enough strength to transmit vehicle power. In this study, static and
fatigue analysis of three different electrical bikes” rim which are coupled
with electrical hub motor was compared and investigated by using finite
element method. Over the years, scientists are researching on various
rim designs. They are trying to find best material composition and best
mechanical design of the rim which provide requirements above. There
have been many studies about various types of rims under different
load conditions.

Most of the studies are carried out with the aid of finite element
method since the methodology saves cost and time and it is able to
solve problems with complicated geometry shape [6].

Adigio and Nangi used finite element method to simulate the
radial test and Akdogan et al. studied on cornering fatigue test of
a vehicle rim [7,8]. Topag et al. investigated the fatigue failure that
occurs on the air ventilation holes of a heavy commercial vehicle
steel rim [9]. Stearns et al., studied on finite element technique for
analyzing stress and displacement distribution in an aluminum alloy
rim [10].

Materials and Methods

Three different rims which has 406.4 mm (R16) outer diameter and
made of aluminium alloy were compared by finite element methods
in order to comprehend their behaviour on road conditions. The rims
named as Rim A, Rim B and Rim C were illustrated in Figure 1.

Firstly, three-dimensional models of the rims were prepared
with CATIA V5 software program (Figure 2). The exact models were
designed as 3D model. And then, few simplifications on the models
were performed to overcome complexities during meshing operation.

The prepared models were exported to ANSYS Workbench
software program for stress analyses. Default mechanical properties
of aluminium alloy material according to software program was
performed and mechanical properties of material that used in this
study were shown in Table 1. More than 3.5 million nodes and 2.3
million elements were used for each of the rim model (Figure 2).
Mechanical properties of the rims were given in Table 1. For meshing
operation, proximity and curvature size function with 1.40 growth rate
were used (Figure 3). Analyses were carried out in Gukurova University
Automotive Engineering Laboratories with the aid of workstation,
which has 2 processors (24 cores) and 32 GB RAM.

On road, electric bike is exposed to various loads; however it is
difficult to consider all possibilities. Common forces that exerts on an
electric bike were considered as;

*  Tyre pressure that was applied on the rim from outside of the
circumference as 0.2344 MPa,

* Radial load which was applied as pressure and distributed
according to cosine function along to 90° portion of the bead
seat in order to simulate the total weight of electric bike.

* 435 rad/s rotational velocity to the models. The models were
fixed from the hub where axle mounted inside it.

7 | potcconre |  Yield
Material | Young’s Modulus P0|§son s Strength
(GPa) Ratio (v) (MPa)
| General aluminium Eﬁh}; P
Fatigue properties come from 71 0.33 280

MIL-HDBK-5H, page 3-277.

Table 1: Mechanical properties of the rims.
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Figure 3: Meshed bodies of the rims.

Results and Discussion

The models were run for the applied boundary and loading
conditions. Von-Mises stresses and total deformations of the rims were
illustrated in Figures 4- 6. Maximum von-Mises stress found as 16.74
MPa, 4.34 MPa and 5.5 MPa and maximum total deformation found as
0.0026 mm, 0.0019 mm and 0.002 mm respectively. In Figures 4a - 6a,
stresses over 4 MPa were shown in red colour.

Static tests showed that the highest stresses were occurred at sharp
edges and spoke to flange connections. It must be pointed out that the
stress increased with the decrement of spoke-flange connection section
area.

The other step of the simulation was fatigue analysis. In this
analysis, stress life analysis type preferred due to high fatigue cycle
(>10°). The mean stress ¢, on the true fatigue strength S, should had
been corrected by Modified Goodman and Gerber approaches, since
the loading characteristic fluctuated as o, > 0. Gerber approach is

preferable by many researches for ductile materials [9,11]. The formula
of Gerber Fatigue Theory is shown in Equation 1.

CallEa
SE Su

N: safety factor for fatigue life in loading cycle,

S, endurance limit
§,: for ultimate tensile strength of the material.

Mean stress o, and alternating stress o, are defined in Equation 2
and Equation 3, respectively;

_ (Cu* )

O_m max 2 (2)
c,= (O-max ;o-mm ) (3)
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Figure 6: Von-Mises stress and deformation distribution of Rim C.
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Rim B

Figure 7: Fatigue analysis results as safety factor.

Von-Mises stresses obtained from analyses were utilized in fatigue
life calculations. The result of fatigue analyses showed that all rims can
withstand more than 10°cycles. Minimum safety factor was found to
be 4.5 on the sharp corners. Fatigue analysis results as safety factor was
shown in Figure 7.

Conclusion

From the static and fatigue analyses tests, the following results
were summarized;

*  Von-Mises stresses were primarily affected by sharp corners,
due to the stress concentration on edges.

*  Von-Mises stress can be decreased by increasing flange to spoke
cross section areas.

* The rims which were investigated in this study can withstand
109 cycles.

»  All tests results revealed that the rims are extremely safe (except
on sharp corners), they may be re-designed in order to cost and
weight reduction.
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