Structural Analysis of major Formula Student
racecar components at TU Wien Racing:
Drivetrain, Wishbone, Sandwich Structure
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TU Wien Racing

COMPLETE REVISION
FOUNDED AERODYNAM'CS From monocoque, to suspension, to
By 8 ambitious students Keeps the EDGE stable on the battery pack
ground
A 2012/13 A 2013/14 today
# - g ©
2006 v 2012/13 2018/19 v
FIRST MONOCOQUE ELECTRIC POWER THE FUTURE
From tubular steel frame to carbon For more than seven years we have From all-wheel drive to driverless,
monocoque been developing electric vehicles we never get bored. Guaranteed!

90 Team members EDGE Mk |
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Philosophy =00 =/

N

Lightweight Design

analyzing loadcases

selecting suitable materials
optimizing subcomponents
effective resource management
analyzing failure modes
improving with gathered date
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Altair Software =L =/
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Drivetrain assembly analysis

« Using Altair Hyperworks meshing tools
for solid mesh generation and mesh
optimization

« Contact analysis setup

* Non-linear pretension analysis and using
sub-load cases
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Altair Student Webinar Series
Speaker Profile

Studying mechanical engineering at Vienna University of
Technology

2018-2019: Team member at TUW Racing
2019-2020: Chief Technology Officer

2020-today: Head of electric machines, Member of
Suspension

Development of Motor, Drivetrain and Wheel assembly
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What for?

Computation of stress and displacement
during different loadcases enables:

« Stiffness evaluation (Camber/Toe gain etc.)

« Opportunities for weight reduction

* Displacement of gearing components
directly affects gear meshing, reducing

efficiency and lifetime

e Other
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CAD Model Overview ===

Tire forces applied at contact patch

(/17 Fy: +2000N, Fz: +1000N
==/ & ALTAIR
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CAD Model Overview — I ==

« Contact angle of the angular contact
bearings will be represented in the
FE-model using RBE2-elements

» Tangential and radial force components,
applied to the pinshafts

 Rim and tire will not be modelled, force
will be applied at contact patch center
over RBE3-elements

« Constraints at the contact angle center
points and contact patch center, fully
constraining the model

[ 2/77
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CAD Model Simplification — [T = /=

For better mesh quality and avoiding small mesh
sizes, the initial model is simplified in non-critical
areas, removing fillets, chamfers and other

geometry
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ing overview

Mesh

o
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ler geometry

| geometry and generally better mesh control

3D-tetrameshes
« Using hexa-elements wherever possible for simp

(solid mappable geometry, rotational symmetric etc.)
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» 2D support meshes (Blue) were used for mesh refinement

» Usual rules for discretisation apply
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Solid Mesh optimization tool =Jl =/
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Contact definition workflow ===

Analyze Design Space  Optimize

& &

Fully meshed

geometry ikt S RBE3  Contact
+ I " Connectivity
- R )
,Faces“-mesh Create new element set, Show 3D-mesh, in Create contact group,
generation, hide selecting relevant geometry set-selection, select > select respective
original using available 2D-mesh option ,By Adjacent”, element sets, define
3D-mesh selection tools (eg. ,By Face®) > hide 2D faces mesh y contact behaviour

Validate Analyze Design Space (

P W % e LTSV E @

s Composites Masses Sets Contacts Groups RBE2 Rigid Walls Cross
Sections

Interacti
lass Free Edges Faces nieractions

Fix Elements
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Contact definition workflow J=

arcn Groups Q W
° H d b I | t t H Q Name ID e Include
uman-readable element-set naming ; _
0= contact_pinshaft/hub 1 D 0
convention greatly improves overview, - Becinrocall | ;
Q contact_carrier/hub 3 D 0
especially on more complex models with higher r Biisveigrotlt T
i contact_holliw_pin/carrier 5 . 0
number of element sets and contacts Y
Name Value
Model = Session = Entity State = Solver = Utility = Mask = Part Groups/CONTACT = Sets Solver Keyword il ‘_
Name: contact_pinshaft/hub
ID: 1
Search Se Color: D
IEJ Name ID e' Include  Type Include [Master Model] i
IE] contact_set_hublcarrier 1 0 Elements Card Image: CQNTACT bt
&3 contact_set_hublpinshaft 2 0 Elements UserComments: Hide:n Menu/Export >
& contact_set_hubl/hollow_pin 3 0 Elements SEroly Oplon: Pioperty Typs *
.5 contact_set_carrierhub 4 0 Elements IRAHE ) SLS ko
& e — 5 et ¥ Secondary Entity IDs: &, (8) contact_set_pinshaft/hub
lEJ contact_set_carrier/hollow_pin 6 0 Elements k. MeEERYDs &J (2) contact set hublpinshaft
&j ol . 2 & MORIENT: ¥
contact_set_pinshaft/carrier 7 0 Elements cRerDISY
‘5 contact_set_pinshaft/hub 8 0 Elements ~ Adjust Option String Value v
.5 contact_set_hollow_pin/hub 9 0 Elements ADJUST- w
&3 contact_set_hollow_pin/carrier 10 0 Elements CLEARANCE:
DISCRET: b
TRACK: w
PSURF:

« Example for naming convention:

contact_set[first part, selected elements]/[second part]
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Contact definition workflow ===

File Edt View HyperMesh Asserbly Geomemy Mesh Flements Momh Connectors Model Vi
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“o 0 U

fon Report Aerospace

¥ GEBEBLO 3 ¥ ¥

Q Unsted = [ [2 <

Fies  Messuro Enforcsé Body Forces Temp Loads Inal Eol: Conduction  Cenvestion Temperstures  Fluc Volume FatigusPM Normalmodes | Aralyze
Disps Conditons  Pretension
Home Stuctural ¥ Thermal Templates ~ Run ©
Mode | Sessin | Eny Swe | Sovr | Uity | Mesk  Part | GroumuEONTAGT | Sets Wowae [N
x
carch Group Qv
Nams. [
Y, contacl g 0
[~ R 0
B ot camernin 0
6 consctretow pemus g
€, conasthetiw pincarrer o
v
Value
CONTA
contact_carremb
n 3
Cotor [ |
Include Master Moce - X
cantimage CONTACT v
e n M P v
 Poparty Onton ‘Stabe Frction Coct?. -
MU vz 2
' SeconikiEm R
+ e oy s 8o ottt caatus )
o @GN xneiadd
SRCHDIS: )
e pen g Voo | % assemblies find | translate check clems numbers - Geom
ADNST e organize mask rotate edges renumber ~ 10
GEARANCE <olor delete scale faces count ©
3 rerame refiect features mass calc C
rearder project normals tags o Analysis
i position I de +  Tool
- permute Post

Verifying contact group using ,Isolate”
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Pretension definition workflow

Fully meshed
geometry

i

Generate 1D* or
3D-Bolt
elements

between nodes

[ 7/77
(N — =/
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Analyze Design Space Optimize

PN

Excitations Initial Bolt
Conditions Pretension

fOpen ,Pretension Manager“,\

create new loadcase, select
bolt elements, define

pretension or displacement

J

PretensioniManager: /it nansety snanen iz s nss te e el tuite neR An s AR A o s s e A SR S D e s s e TR S e e e R e e S B e e T B 5
View: By Bolt v
Bolt Type Bolt Id EID/SURFID Load Type Loadcol Load Id Load Magnitude Orientation Output DOFID || Add 1D Bolts |
] 1/ 2634906 Force PRETENS_1(1) 0 40000 {} o
[ ] 2 2634907 Force PRETENS_1(1) 0 4000.0 {}
] 3/ 2634908 Force PRETENS_1(1) 0 40000 {} 0 | Addload |
| Delete |
| Review |

0 selected.

o caros

* 1D-elements like CROD, CBAR, CBEAM are selectable. Element crosssection has

to be defined in the according properties

2\ ALTAIR



Pretension definition workflow

/=

4

(Create new Ioadstep\
.loadstep pretension®,
nonlinear-static in
addition to the

Load step inputs

-

Create Load step input car
NLPARAM, config type
,Nonlinear Parameters,

default parameters

&

q )

J

-

Create Load step input card

NLADAPT, config type

,1ime step parameters®,
emplty parameters

external loadste
\_ >,

VIENNA FORMULA TEFRM

Create Load step input card
NLOUT, config type ,,
Output parameters®,

emplty parameters

Under \

.loadstep pretension”
parameters, select the Load
step input cards NLPARAM,

NLADAPT and NLOUT,

SPC and PRETENS

Name Value

Name: loadstep_pretension

1D: 1
aster Model]

User Comment ts: Hide In Menu/Export

= Subcase Definition

w Analysis type: Non-linear static

b SPC
LOAD:

b NLPARM:
SUPORTI:
DEFORM:

} PRETENSI
MPC
STATSUB (

} NLADAPT:

b NLOUT:
CNTSTB:
DLOAD
MOTNJG:
LOADJG:
VISCO:
NSM:
NLPRINT:
NLENRG

/El (3) constraints
5 <Unspecified>

3 (1) NLPARAM
l;} <Unspecified>
/a <Unspecified>
/B <Unspecified>
‘é (1) PRETENS_1

A <Unspecified>

w <Unspecified>

< } (2) NLADAPT
3 (3)NLouT
/E <Unspecified>
/EI <Unspecified>
/a <Unspecified>
A‘ <Unspecified>
/E <Unspecified>

@ <Unspecified>

"{} <Unspecified>
f)} <Unspecified>
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Pretension definition workflow

4

( Under

select

~

Jloadstep_external”,
select SPC, LOAD,
and under STATSUB

.loadstep_pretens®
- _J

[ 2/77

/=

VIENNFA FORMLLFA TEFRM

Name

Value

Solver Keyword SUBCASE

Name:
ID:

Include

loadstep_external
2

[Master Model]

User Comments: Hide In Menu/Export

= Subcase Definition

= Analysis type: Non-linear static

]

k

SPC:

LOAD:
NLPARM:
NLPARM(L
SUPORT1:
DEFORM:
PRETENSI...
MPC:
STATSUB (...
NLADAPT:
NLOUT:
CNTSTB:
DLOAD:
MOTNJG:
LOADJG:
VISCO:
NSM:
NLPRINT:
NLENRG:

/é (3) constraints
#& (2)l0ad_extemal

;} (1) NLPARAM
~:¢‘} <Unspecified>
/E <Unspecified>
A <Unspecified>
/G <Unspecified>
/EI <Unspecified>
w (1) loadstep_pretension
€3 (2) NLADAPT
€3 (3)NLOUT
A <Unspecified>
e <Unspecified>
A <Unspecified>
e <Unspecified>
/E <Unspecified>
Q <Unspecified>
t:} <Unspecified>
t:} <Unspecified>
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Wishbone _
Linear Buckling Analysis I/ /—

Fully laminated CFRP wishbones

* Implicit analysis with optistruct

Stability failure

Combination of linear static and linear buckling loadsteps

2\ ALTAIR
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Buckling Problem

* Initial simulation and prototyp wishbones

* (Critical failure mode:

® Compression
® Buckling (Euler Case 2)

* New Prepreg - Material

* New Ply - Layup

TLL,
’;éﬁ”lg J\ ALTAIR



Development of

Simulation Modell

4 )
\— L
Isotropic
Tube
Loadsteps

* Linear Static — Displacement, Stress, Strain

* Linear Buckling — Theoretical buckling strength

TULY,

CFRP Tube

J

Z

Wishbone

J\ ALTAIR



Linear Buckling & EIGRL Card = /=

Linear Buckling:

Li Stati Linear Pcr
P Loadstep Modes
Displacement Solving Eigenvalue — Problem:
Stresses
Strains » Geometric stiffness matrix Ke
* [K= AKg]x=0
e Pcr= Acr PRref

EIGRL Card: v :

Solver Keyword SUBCASE &
of Keyword Real Eigen value extraction Mame: Linear Buckling
- EIGRL_Buckiing D 2 '
1D: 1 -
Input data to calculate oo
clude Lzer Comments: Hide In Menu/Export
. ~ Corfig type: Real Eigen value extraction ¥ - Sub Definition
eigenvalues e ik = - hkntive: (AR 3
Y1 o0 SPC: Fa <Unspeciiied>
v 200 MPC: o <Unspecified>
NG + STATSUB(B.. 8 (1) LinearStatic
MSGLVL: » METHOD (5... 3 (1) EIGRL_Buckiing
MAXSET: DEFORM: o <Unspecified>
SHFSCL: STATSUB (P... i <Unspecied>
NORM: MAX ¥i

SUBCASE OPTIO

=/ /\ ALTAIR
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Wishbone

Linear Buckling Analysis 17—

CAD Modell:

*  Wishbone
 Insert
« Balljoint

Composite Menu:

Mame D e Index Orientation Thickness Material Shape
- %8 Laminates (1)

v 8 laminate1 10
b Eﬂ Shapes {11)

- E Properties (1)
&5 rcomPP i |

- 13‘ Materials {5)
1‘,]5 alumninium 1R
1_‘,@ steel by |
(i T800 ey |
(ifp T800_Solid Fy |
(i a8l 5 Il

v JE, System Collectors (3)

UL,

VIENNA FORMLULRA TEFRM

FORCE =10000.0

23456

Strain Gauge:

Maximum force of 10.000N

front right upper wishbone fore

— upper wishbone fore

Physical Testing:

Detailed modelled in simulation
Validation for simulation
Calibration for strain gauges

2\ ALTAIR



Modelling

Overall:
» 2D shell elements
* 3D elements
(Inserts & Stacked CFRP)
* Quads / Trias
» Second Order

CFRP Laminate:
* Mat 8

« PCOMPP

* Tsai-Wu

! / i o ¥ V&
VIENNAR FORMLULRA TERM

Inserts, Stacked, Testdevices:

e Mat 1/ Mat 9 Ort
* PSolid

2\ ALTAIR



Modelling L=/

Balljoint:

1D Element
FE - BALL

Stacked CFRP:

(PCOMPP + PSOLID)

J\ ALTAIR
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Simulation Results - /=

Linear Static: Linear Buckling:

uuuuuuuuuuu

Ww s s W
=y g
SREGE S

TS | j——
e : P
R

z P

L)
B8
&I

Composite Failure Index < 1 Investigation of buckling modes and Pcr
Mode 5 (left), Mode 7 (right)

T/
=/ /\ ALTAIR
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Validation =l =/=
. # | smuation |  PhysicalTesting

Displacement (Load 10.000N)

0,739 0,801
[mm]
Stiffness
IN/mm] 13.532 12.484
Difference 8.39

[%]

Mode 2 (left), Mode 12 (right)

Local loss of stability
* Local buckling modes

Global Buckling

ww Mode 1
/ =/ g/} 2\ ALTAIR
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e Structural Analysis of ASM Front Suspension

* Wishbone

* Steering Arm
* Pulllrod

* Upright

y/7/11]
I —=/™ g/ 2\ ALTAIR
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Speaker Profile

« Studying Mechanical Engineering, Vienna University of Technology

« 2018 — today: Member of TU Wien Racing

2018 Member of Composites
2018/19 Head of Chassis
Since 2019 Member of Chassis/Composites development

Current project: optimization of suspension pick up points

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.
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Sandwich Structure — 3 Point Bending —
calculation — analyses — physical testing /

* Formula Student rules, SES (Structural Equivalency Spreadsheet):

®  Structural integrity

" Equivalency

" Safety

ARATARRMNSANCCORBLL T #0500
/ \

P p—

TLLW,
/;gﬁlﬂg 2\ ALTAIR



Sandwich Structure — 3 Point Bending — —  a—
calculation — analyses — physical testing :5::/:

Refining BC’s of the
simulations for further,
more complex simulations

Physical
testing

mw Using the gathered date
for further optimization

=/ J\ ALTAIR
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Base lay-up

Lay-up

offoun optimization

Monocoque




Sandwich Structure — 3 Point Bending — —  a—
calculation — analyses — physical testing :5::/:

Refining BC’s of the
simulations for further
more complex simulations

. Base lay-up -
F;nglrfgl of our optlfr?%zgit)ion
Monocoque

mw Using the gathered date
for further optimization

=/ J\ ALTAIR
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Sandwich Structure — 3 Point Bending —
calculation — analyses — physical testing /:

e Simplifying for the initial simulation

- Sandwich structure modelled as PLY

PE.L L UEOB AFEVEP 7 ¢

o G i

...........

midsurtoce
.....................

T
/;gﬁ{ﬂg J\ ALTAIR



Sandwich Structure — 3 Point Bending —
calculation — analyses — physical testing /:

* Data for the simulation:

Test setup:
* 275mmx500mm

F=8169,11N

TUL
2\ ALTAIR



Sandwich Structure — 3 Point Bending —EE —/_

calculation — analyses — physical testing

* Data for the simulation:

®  Material data AGP 193 RC38:
MATS:
Ply Thickness: 0,19mm

g Ll o Le e Lo e Lol [ o
[Mpa] [Mpa] | [Mpa] [1] [kg/t] [Mpa] | [Mpa] | [Mpa] [ [Mpa] | [Mpa] [Mpa] [Mpa]

66000 66000 4960 0,046 1,57e-07 1172 -8,09e-07

®  Material data M21 E/34% UD134:
MATS:
Ply Thickness: 0,13mm

HEEREER PR E
[Mpa] [Mpa] [Mpa] (1] [ka/t] [Mpa] [ [Mpa] [Mpa] [Mpa] [Mpa] [Mpa] [Mpa]

178000 11800 5200 0,28 1,58e-07 3050 1500 -2,1984e-02

®  Material data Al Honeycomb, 5056-3,6/0,025/14:
MATS:
Core Thickness: 14mm

HEEEREEE PR R
[Mpa] [Mpa] Mpa] [Mpa] [Mpa] (1] [ka/t] [Mpa] [Mpa] [Mpa] [Mpa] [Mpa]

310,264 0,35 5,126e-11

TLL,
=/ J\ ALTAIR
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Sandwich Structure — 3 Point Bending
calculation — analyses — physical testing

* Simulation/Tutorial:

Fle Edt View HyperMesh Assembly Geometry Mesh Elements Morph Comnectors Model Valdste Ansiyze Design Space Opumize mml

Besm Svess  Cosseur ransient Daplacesant  Force  Cross-Secion  Resultart Comour Loads  Summaton

@ﬁ .5&W0KGW@G®%

Free Body

Componants (4)

-,

w0
FENE T

11

i1
g e f

...........

L€ N @
R
1
§

i

&
)
FE

f

BATa L
(135!
Egu'ﬁfszf;t

i
H

ey
! T
(,-! %

@ ¢ ezl @ iadd

UL
IN-/=/§ ]
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Summary
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Sandwich Structure — 3 Point Bending -DE _/_
— — )

calculation — analyses — physical testing

Modelling the core specifically

2"d step modelling 3 step modelling
the 3P-bending the suspension
specifically pick-up points

15t step basic model

control the BC’s

2@ . CECT EUBEEFT @ 26 GEHPC GUUUEFG GU

.....
= 2amear

ssssss

e

s
Gode 100587

Gda 183

Is:vgﬁ,{ﬂg — J\ ALTAIR




Sandwich Structure — 3 Point Bending -:E /
—9 /7 —4

calculation — analyses — physical testing

Comparison of the different methods, physical testing and calculation:

Calculation PLY Based Modelled Core | Physical testing

Displacement

10,591 11,655 11,741 11,718
[mm]
Stifiness 771.35 700,91 695,78 697.14
[N/mm]
Difference to
physical -10,641% -0,541% 0,196% -

testing [%0]

3 Point Bending calculation HC-14mm, 2x+/-45°_AGP, 1x0°_M21

=z

Testrig/panel: 9000

=400 mm L,=500 mm B,=275 mm Sgesi=8p1 +5m+ 80, =15.02 mm 2000

Force: P=8169.11 N 7000

Displacement and Stiffness: up=10.591 mm =L —qmi3s N 6000
U, mm

p
Material data: 5000
4000
Composite 1
3000

2000

Composite 2 1000 /f
o S I S B ,

mmmmmm gﬂr\$C}r\m0\ﬂmm\ﬂ~mmNmmﬂmd‘ﬁl\Q‘Or\mO\D
B e N M B O R S e N N R R e N B S N |
Core 1 U= R O N - I S AR = B IS N < - T
® mm
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Thank you &aiar |

Q&A

* Drivetrain
* Contact Prop’s

e Pretension definition

e Wishbone

* EIGRL Card
* Buckling Modes

| 0

PN : * Sandwich Structure
R | « Calculation

e PLY-Based Simulation

¢ Results



