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Design and Development of 3 small passenger car frame
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Abstract

In this project, Computer Aided Engineering (CAE) technology is used as a design tool to design
and analyze the frames of two city cars. The first car, E20, is a gasohol (containing 20 percent ethanol)
vehicle that can carry two passengers. The second car, EV, is an electric vehicle that can carry only one
passenger. With the proper frame, the vehicle can be easily controlled and has high safety. In frame
design, the frame performance is determined by the following factors, namely, torsional rigidity per
mass, bending rigidity, natural frequency and strength.

The results indicate that the frames for both cars have bending rigidity and safety factor within the

standard value, sct by department of land transportation, ministry of transportation.
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e . . -
Frame - -7 jprtieba’ oo H§1%42% 2 nodes 19uams Axial, Torsion, Bending Farouda
uaz 1157064 Load stiffening

Shell element (Surface element)

4-nodes quadrilateral ~ ~ U§1WI 4 nodes 14iiermedie Plane stress M50 Strain, axisymmetry,
shear panel, thin flat plate in bending

8-nodes quadrilateral 114U 8 nodes 15UaAINA Plane stress 131 Strain, Thin plate 130
Shell in bending

. i doa o = ] . .

3-nodes triangular $749 3 nodes #u1arAst Plane stressn3® Strain, Axisymmeiry,
shear panel, thin flat plate in bending

6-nodes triangular T 11971474 6 nodes 191mASDA Plane stress M3 B strain, Axisymmetry,
thin plate W30 shell in bending

Solid element

. T A o P . . Yo
8-nodes hexagonal (brick) #1¥119U 8 nodes 1$uerA3D3 Solid, thick plate (11mnnqn nodes

ﬁa{uﬁm‘lu)



6-nodes pentagonal (wedge) - " §§7M7U 6 nodes uanatia Solid , Thick plate (1#ﬁﬂﬂiill
nodes flagAutu)

4nodes tetrahedron (Tet) ~ 119T42U 4 nodes 19uerAsils Solid, Thick plate (1¥fiundguy
nodes ﬁa;jﬁ'mh)

Special-purpose clement

Gap $1M2U 2 nodes RN free displacement $lumsfimua Compressive gap

Hook o $8147U 2 nodes 4RI free displacement ¥ umsfmun Extension gap

Rigid © B nodes Tiidia 1diansila rigid constrains 31319 nodes

Tasnmidenutiuediuudmuniudesms fuaesInsaaumuiisanniokins

a¥1508uua 18 2 11U A0 Shell IDRLLUUA LA LLY 3D Solid t0BWUA

ﬁ o A n s o el P - - L4
DAUNA ﬂ'li!.ﬂﬂﬂlﬂﬂlﬂuﬁﬁﬂuﬂ']i’)lﬂ'i LAy Iﬂ'ﬂi’fg'lﬁhﬂl ANTUNUINTIAIFTIRDNIDALIUA

Quadratic displacement UNUeBLURLILIL linear displacement

T
I

amodedshel  mp 3 noded shel

lipesyr chaplacerment quadratx displacement
Vb
j .—'+ (]
Pl "~
ha RS g
& noced trick w» 20 rexcer bnck
finear dsplacemet quacrat ic dsplacemert

310 2-1 uaRIN3L@BA Quadratic displacement

13 ganmyjudneansanvesilurhedne
(1 1o Fuiiioy e 18 7 et 1 (NFWA/NHTSA 2003 : 32-82) W ¥eunsihlunis
athams @) ves I hiieduusdane Ui
231 femanwy (Layou) unzswazideavewsozamfauysdveuduuazdoya
¥83CAD

232 §amsuuging (Geometry) dmivlhhuauasdmnor Idmunsaufivinvessm



233 imsmo‘humiwmﬂﬁwiaﬁuwwiui;uﬁwﬁﬂi:iaﬁ'uagi uazMmMumINgUng
veunsidhunLiAeafumiouduanenuifiveudas ey

234 PIIATNADURUAMVBUNY 19U FRaIUYBIFII (aspect ratio) yu TRy (Warpage
angle)  TntmBodsamsifougtiuusiadvinasssdn lugusvnaing
{fast transition)}

215 fmmdsznevdmangveuumdideiu  elfefuisilymweniuiinseii
auyel

236 arnWinilvivuinedilfhilypdedas:s hifvoudasr  hifimadeusu
uaamsﬁ\ﬁﬁmmsé«amﬁnﬁfus:Wiufhun'wq

23.7 ﬁmuaﬁnumwaumwmqa@q hiflideulvwen (boundary condition) finnld

238 dwiuuSoafiianuddgueilassadranei ¥ $uyving 10-15 Sofwns

239 uush ¥ Miuyne 2025 fadwnes luuSoui lidigvesTnssasaunin

2310 jurduveans (a9 lines) ﬂ'.mz'ummmsﬁ’amnﬁmmwauwmmqﬂmq

23.11  vavsawsaiidnyazadendeiuiiourifesiiul 18

2312  nanderefunie lvaduszninvnaveusfusdoeduanisissuniy
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sunitlnly anwoyoauelud
J 1]
111 22 Aedeveaurinrs 1duaz hinos 14

24 maahasuinamité i (Meshing of Special Ares)
31972 (Hole)
1 himsdusfugidaosdnnd 10 adums
2. avshayfugings 10 Gofwes 3l

»
- 1 o -
3. asadawsseuqpnsuuiudunuoudmsainetlesign 6 iefuud



d < 10 mm
--._’ N
5
=
d>10mm " : N +3
4 A
s 4 o
a ¥ = -: 1
illﬂ 2-3 ﬂ’liﬂi’lﬁmﬂﬂ?ﬂlilm&ﬂuﬁu‘fﬂu
fuvou (Edge)

dal o o d 1

1. himsvwyduduvendil Sellinnndi 6 Uadwas
A ol 1] = o ) ﬂ. -y -
2. duveuniiTadiszndn 6 Tafms uay 10 adwes TliRueRuudFnuyy
TR48n 1 1edus fuveunillsed Innd 10 fadwas Wdednuudvinayy

Tha (Conner) Bnedravion 2 ofuud

Feof g r> 10 mm gmm <t < il mm
- S —
N el y"‘ﬁ“' =" -
T é . . .
. i / »
‘ » .
o » & "'l

i 24 maahastTnuduveu

780U AT duTBU (Notch/bead)
1. seouniidand 6 fiafns Waueenuasumiduedundglommaoy 2 jUi
Tan 6 indwns
2. seenfidnei 20 findwes Wavesnuazumidanedwudgilmumao 2
3. sewnnfiland 20 Tofwes MWesseornnunz IWniusdnudesndiu 2 dau

MunuInd i
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11l 2-5 msadauruinusssunuasdusou

wimau Tin (Flange)

1.
2,

2.5 RN

ad 1 P 19 Yo A o A e
uurilnfiannT 8 Tadwas ue: luliivTeaunenuuiniveudeda
1utinnhaludesnt 15 dadwas Hushuefuud@nindafiveunasauu?

AU
dunntandunh 15 Tadwes MMldedaudedialos 2 wALUAINA D

¥
TN

1= 15 mm. one layer with wetduny

f< 5 mm 1> 15 mam, At Teast 2 layers

P
W
e
H 1 e

1 2-6 s adaurunumiulaunTelln

uandlisiednns

MsauduADIZN 1Y (LY transition)
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< 1 R s 4 3
1. arudndaanunagLi1e (Aspect ratio) ¥oi0duAn M ALIAITIZINONT
- < § o o - Jala,
wanuagldmaoy exuluwediuditivuaveiug
ey o - -y 3 ] -y o ;
2. wiwwAgdrumdsumsiinnuiesndt 10% vesdnoweduuaiinug
2.5.2 wygins sissveaedumduuy 2-D a1 1wy UfmBouumugaumae

L7 aadd R P D e

[y T—— [RRER T ¥ VY Frape rmeiial Yk

UM 2-8 mygUns sy

msaduudnesiaduveslnzsaiunievesdizney
- 1 J o q‘. L] 2 "
2.53 a73 1A uApd 19700 3 10 (rows) ke 10 1draant Ausiuasa lunsSinsiziainig

faluIsEUY (in-plane bending) nazensldediador 5 wAmuAuUAMITYuS A luNs
- ' o : a - -' o
TinrevnsiuiminuTemaf 16w (buckle)

o

__,f R T por]
v < s
e Pl - el -
m—-—?-_.. o -
P~ —4 e

I

317 2-9 mzadeTumaduda

1odLURUILY 3-D (Solid)
2.5.4 dmduginsaviag 1a) ungsh 114 20-node brick ATvaAnBoseduuduyy 3-D Ml
4-node, 5-node LA 7-node solid elements

31/ 2-10 19Burin 3-D (Solid)
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ML TMUAUTIRNTNI 10 (Hourglass)
= L . A a a o + 1o
msianed Taold3T12uya (1-point integration) te Min 1A 1dnadnifidnd ualin

' & - - ' = . R ° [
il AwaRdirunqiiasnmisnenTeduavousinud luioinelu Stiffress matrix udnivlg
Mifia TMUARNIMS 10 (Hourglass mode) 38 vFunTnuandssnuilugqud (Zero energy

mode) M unmﬁnmﬂui’m;j 2 80190 in plane {membrane mode) titie Out of plane (W mode)
- J 4 1 o = J - ﬂ'
Tnusumdnmaodiudan lwdssmsuazinifatuiene 3snImmaniaomionany

7U% 2-11 Inuaun®nms g iy In plane ting Out-plane

fouuzrirlunaaungu InuawRnINe 10 (Hourglass mode)
1. n3@A1¥A Young's modulus dndirimanquiman (sieel) 8111ng InuaurRnmsi

& - - -
{hourglass) Fsprsiulsg@ngamasaruge Mgy TnusunRniinsie
2. MIAB (Connecting) 1ORBUALL 1-D A1l shell D Iida InuauRnmswunalng

- < '
¥u arsledwudgdammbunszyoudilgm1d
3. nmifuigansde (Connections) uazmatanmzunssvenns sxvawlduinmsie

aAnsnIavuall

fe

A

I
Fl
I

510 2-12 msmugu InuswriRnms 1o
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] L ar & » - e = ] a a 3 -
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1 A 1 - ¥ A 1 - A 1 [ 4
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2. 18001401338 Symmetry  ¥03quin0ITwARSINIMBAINAYD I US1a03 M 1Ht
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annsednndilymlAedigndes wivk nazsaasa
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310 2-13 rhovusingg veasy

X J t t L] ﬂ‘ =
w1 $F Tnudu ngueausada iy wil 3 wwy Ae
= & v i
1. Perimeter-type frame Y1NGUR 2-13a llouesandunu azsdrunanveadsuszaiie dau
o J ¥ o d' d’ o A
Anmihesasy szunuVusgiussorifenyulumade: uazdnmdzusuiiosnnnisnide
b o ﬂ' 13 r LI ) 1] i J 1
wia muddezgninda lasudiuawein Taglnanthezegroutrfidoavesituludu
A L L] ¥ H ." o 4 1 L} Y
veafeuninauns lvandaezegdundsiitavesdTavensdnmas Fudunatlenezviuomiiy
suunlizneufudIuasInaNUaz A IUNAVe NS HTeevesinnlssneuddradudunIg
Amdn
o v . ' & o
2. X-Shape frame A7UT 2-13b szviedueegluupumuunsvesse Fufugideuna
Amumiuazdmvnds doudumbiszion I neszuumds drudeudundees 13 avmamde (man
1] L1 A 1 H - - .’ 1]
aueuszInAEiiuievearsy Alamevednmiluaznfiveansy szgniadudaviudiu
- ja pm o o ' H Er) vy o o
Fuihmldaasarzuu Masdiow dndiduidudiussegldiiviveddlasmsdnmaa
A 1 o ﬂ’ - -' 1]
3. Ladder-type frame AU 2-13¢ ssliamivinuiumesiugniadadiodud uam
» » » [
v dmsunsaannugaveaiunduii AMugveInmLaziuduh 16iafinayanaesgn
'] »
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27 mdmnsizuznmviafibasmmsinauasmsielulasnesis
- : 1] L3 J - -y
szAninmnismuguiniulnedutngudiusuanudmmms siavesnsu(irame)
» 1
YIRdiAYBIsTUUAUETIOU (Suspension geometry) uaz win msunwAusITa Tty
MsuszimunlszAniamnmsaunu TaadlaWduisznouvesszunfuazifieunnsungu
- o LI} J 1 - <l
wisuemiveasolAiuduniu TasAugmvesmssenuuuinsy sudeamuusiiinldfuazil
: a = oAl
dmilnunlastinauilassiufizine
¥ o - ¥ F) - 3 o » -
ATUAMLIINIA ABAnuansaduseianie nesa lunundudu arwduusilisde
= o -3 1 q’ L] A £ =
neiniifluniiinlnseadnly 1 ven nsdmusdumiesiudusuieiva @ mns sba
2 - , 4 :
Tasmanguiiinezanaly juyuaumdoy (Triangulated format) Fisziinammunsonudents
i o 1 A 2 LA | w_ o o
nldougil188%ge otnlsfemuiiemuinanlssieehldhiminduiiudedniunsdaum
g s .' LY - { - ar 1 ﬂ a o -
anvAumuunasdolimin  Jadununumarrglunsdudsvlseneundadulaluns
ifon1¥lnsean
¥ ' o - 4 ' .
unssenuuy  sidsanmsmmsdmunsfruglideseinmsInwe  (Bending
N ' o 4 ) B N 4 P
stiffness) LAE AINSAMINIUASIALLZIII0I9IAMSITiA (Tensional stiffness) Tuniiga el
F - oo o o ] - ~ A
Tassaalimuindifivsduiaquiania nfiqe uashidifanisalavuglveslasne deviiga
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meldusuResiazusaneuenuinizh
aIfEmIm IR ILIDR
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Fd
IR=— 2
g }

TR = anuAnmmunisda (TaRuiums doa )
F =usalfjfisen (iadu)
I3 41w o &
d = 1sezszwingaidesussuuiuaznifiouns 2 419 Guey)

8 =yuiia (a9mn)

_2|8] 180
d b 4

a (3)

' J 4 { a iy Q
§ =szoxnuldowlingafusulfffunssi quas)

2.3 ngufin s veadng
»
o = - -
Tunsimswinudomenwluguau sizdhineans yesmwduylsuiia naly

- ] (.Y o a o - . <
Fusu NidlaaninganTeds nquinudeonlFlumsingizy (Von-Mises Hencky Theory) &9

ﬂﬂ, F L] |4 o I o - J A o -
nufiina 1 dmiviagmiles maannvesiageiiaduiiondsunds jiFayy (Enegy of
Angular distortion) ifiiumdssnunl pdaumoldnmaaeuusdiedisiw

Tagtia lmonizvosmnudumeoludiofog o dAumislan Sdnlsenevdwnmubu o, 0,
o, T, T, uoz T udsnrunsaiiezaldougl ldudinmnfundnawdafe o, 0, naz G,

y I3
M AnsmIm AR ueui (von-Mises Stress) A9 naun1s

E\/(O'l""o':a)2 +(0'z"0'3)2+(0'3_ai)2 (@)

2
G, = mufueuii

Y - £ 4 4 .
FFUIMURINANTIATINIUID T = Sy e Sy ﬁaﬁmﬂuﬁ’mmwtﬂﬂﬂn (Yield Stress) 4\1&'“

AN R INMINATBULIIAY
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3.1 mInauvudiieediaolthunin CATIA

717 3-1 Tdsunsu CATIA V5
3.1.1 Tumoumsnauusiaounsusn E20
1. Waldsunsy caTIA lumsadruunusiasastez 14 Domain : Mechanical Design 1@8n Mode

714 lunsa31e fin Wire frame and Surface Design
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iﬂﬁ 3-2 aaan15191 Mode Wire frame and Surface Design

62882



iy

a s 3 ¥ o - o . & ,
2. LaE]ﬂ'ﬂN'JUﬂﬂgj‘]ftluﬂ']iﬁﬁ1QLLﬂﬂﬂ1ﬁﬁ)~3 IﬂULﬂf’Jﬂ Tools M main menu TMNUULIADN options

1390 units ﬁiﬁumsﬁm UA Parameters and Measure A8 units ﬁi%ﬁa Millimeter {rmrn.)

"{ T- Gstions dezoazee e | eeziEge | BEoorrieesesis Fgrzeters Tusoarzz ez ¥
T Genecd -

W isolay i
D2 comzatity

P;;‘Q Yagramete’s and Y
T Devices ad Witk
_‘*'} If-astuctue

T Wechanica Design
- Snase

*- Andysis & Simulation

- AZC Glant
ik vacing
*" Digital Vo U
- ZguomentB System
4= Digtal @rocess for W
¥
: > & Tree
i :

714 3-3 uamansidon Units 1141w mun Parameters ¥oeuuudians



i9

¥ Ed ¥ r
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719 3-4 uaraan15 1919 Sketch
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