01DWRMZ - Materials and production process
simulation

Teamwork |: Design of the lower arm of an automotive
suspension




Exercise Object

The objective of the exercise is the structural analysis of the lower
control arm of an automotive suspension and its redesign in

composite material, with the goal of reducing weight keeping a
comparable stiffness. :

Control Arm
Lower

Front View Nolathane
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Exercise Requests

The requirements of the exercise are three:

) Model the structure with 3D brick elements in steel and compute
the equivalent stress and the maximum deflection.

2) Model the structure with shell elements in steel and compare the
results with the previous model.

3) Model the structure with shell elements in composite material —
named Epoxy Carbon UD (230 GPa) prepreg in engineering data —
and redesign the structure to keep the same maximum deflection
and rotation (or lower) obtained with the steel, but reducing the
weight. Verify also the satisfaction of the Tsai-Hill criterion. Choose
the best design solution in terms of number of plies, thickness and
direction of the fibers.
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Create the Geometry

S
q;b\
Step l. 35,00I ) ‘
Create the sketch in design >/ &
modeler. j
. H-H‘""-éz T— Ty N/
HINT: Use arc by 3 points to create the L -
oo 7 A N,
arcs. 8 N\ %
HINT: Use constraint -> tangent and = - \
e

select two lines to make them tangent.
HINT: Use constraint -> perpendicular
and select two lines to make them
perpendicular.

Step 2.
Extrude the geometry to obtain a
10mm thick plate.
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/ Apply Load and Constraint

\

Fully constrain the two ends connecting to the chassis. Apply a downward
force equal to the 1000N in the z-direction and a clockwise moment
about the y-axis equal to 150000Nmm on the wheel’s edge.

0,00 50,00 100,00 (mm)
I ]

25,00 75,00
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SHELL Elements

Shell elements are used to model thin structures without the need to rely on solid
elements, with the advantage of having lighter models that are less
computationally demanding.

5//7(// Model DOF
Geometry: Surface Displacement b Rotation

Continuum Shell Model %DOF

6eometryf Full 3D On[y Dc'splacement
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SHELL Elements

Shell elements can withstand in-plane loads (tension and compression) as well as
out-of-plane bending loads.

a) Plate membrane b) plane flexural 6 d.of. per node, considering also
(ux, uy) (uz, rotx, roty) ™ the torsional stiffness

", 4
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SHELL Elements

Thin plate will be considered (one dimension

can be neglected); the following hypotheses

hold:

1) stress component .. normal to the reference
plane can be neglected with respect to G,
0,, T, (plane stress);

2) normal displacement w does not vary
through the thickness;

3) Kirchoff hypothesis: section normal to the
reference plane will remain perpendicular
after loading (t,.=7.,=0). Mindlin
hypothesis introduces the contribution of
shear to deformation; sections normal to

middle plane will not remain perpendicular
after loading.

Hypothesis. Linear field.

Applied load is normal to the middle plane
(reference plane) xy.

G,y =0, =T, =0 in z=0
Zy W
/I— ————— —
//// __________ T y
4 -
) R e ) A
xy
Txz Ox Txy
A
8
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Creation of the Geometry

-~ Create the mid-surface plane from the 3D geometry.

B: Steel brick - DesignModeler
r
| File Create Concept

Tools [Pnits View Help

@ Point B Conve

Tree Outline

-/ B: Steel brick

v XYPlane

[ y3h ZXPlane

iy YZPlane

i % Planed

=] [ Extrudel

| 9 Sketc

-, 1Part, 1B
., @ Selid

J
J
J

© Freeze
1@ Unfreeze

G Named Selection

o
@ Enclosure

P Face Split

A\ Symmetry

& Fill

W Surface Extension
WY Surface Patch

s Surface Flip

W Solid Extension (Beta)
#a Merge

28 Connect

@ Projection

8> Conversion

Weld

RRER - Ee (SRR SR ke 12

@& Share Topology Parameters

VSurface @ Blend v Q Chamfer @ Slice

o Graphics

Repair

Analysis Tools
#% Form New Part
| Parameters

Ansys

—_— L
Sketching  Modeling Electronics »
Details View 4P Upgrade Feature Version... ®
(=l Details of Extrude1 A
Extrude Ext Addins...
Geometry Sk( > Options...
Operation addWateral
Direction Vector | None (Normal)
Direction [Normal
Extent Type Fixed v
FD1, Depth (>0) | 10 mm 0,00 50,00 100,00 (mm)
As Thin/surface? | No I T ]
Merge Topology? 'Ves 25,00 75,00
=/ Geometry Selection: 1
Sketch | sketen1 v _Model View | Print Preview |
| & Ready |No Selection Millimeter Degree ﬁloﬁ 4
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Apply Load and Constraint

Fully constrain the two ends connecting to the chassis. Apply a downward
force equal to the 1000N in the z-direction and a clockwise moment
about the y-axis equal to 150000Nmm on the wheel’s edge.

Now loads and constraints are applied to lines rather than surfaces.

C: SHELL_LAYER
Static Structural
Time: 1,s

[A] Fixed Support
[B] Force: 1000, N
[€] Moment: 1,5e+005 N-mm

0,00 50,00 100,00 (mm)

25,00 75,00
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Setting of the Composite Structure

Insert a new layered section and set the properties.

= Context  A: Composito - Mechanical [Ansys Mechanical Enterprise]
“ Home  Geometry  Display  Selection  Automation  Add-ons  Learning
|:| . %} | £ E (@)images~ é N
i [JComment [@Section Plane i
Q Sa'\wa Ana'lyswi ; Lt Chart [ Annotation Point Dist

Outline Solvers a
outine - 10x YL
Name - -
T Project
E- &) Model (A4)
-,/ Geometry Imports

SR Geomet
x| Insert » @ Element Orientation
v\ P »
/8 Materi o] 1 Point Mass
By Coord [ Rename F2 & Distributed Mass
®K
e Export... » §D Ssurface Coating
i
B, Mesh | & Update Geometry from Source & Thickness
g
o
G-, Stats T Reset Body Colors £ imported Thickness
"’Eﬂ " € Freeze Mesh on Al Parts fSlmporied Flement Oricrtation
v & layered Section

/@, Fixed Suppart
=& Solution (A6)
(5 solution Information
@ Directional Deformation
@ Equivalent Stress

Details of "Geometry" ~ROx
=I| Definition
Source C:\Users\Administrator\Documents\DAVIDE\Materials\Esercitazione2\,..
Type DesignModeler

Length Unit | Meters
Element Control | Program Controlled
Display Style | Body Color

+ Bounding Box

+ Properties

# Statistics

+ Update Options

+ Basic Geometry Options

+ Advanced Geometry Options

Outline

Name - -
H Project
- &) Model (A4)
- ‘/E} Geometry Imports
=5 Geometry
-~ W8 Surface Body
-8 Layered Section
8 Materials
1 Coordinate Systems
-4t Global Coordinate System
H v s Coordinate System
E- % Mesh
i -~ Face Meshing
(=l Static Structural (AS)
~HH Analysis Settings
-~ 4@ Force
-, Fixed Support
£, & Solution (A6)
) Solution Information

SNy B D—

--_/&@ Directional Deformation

Details of "Layered Section”

=I| Scope
Scoping Method Geometry Selection

Geometry 1 Face

Coordinate System | Coordinate System I
Cifest lyns dls

uppressed MO
= Material
Nonlinear Effects Yes

Thermal Strain Effects | Yes
-!| Graphics Properties

Layer To Display All Layers
-1/ Properties
Total Thickness
m
Total Mass R '

Choose the reference

~*lOox
. system to align the fibers.
0° is aligned to the x-axis
of the chosen system.
Choose the number of
layers, the thickness, the
material, and the angle
o of the fibers.
Layer | Material | Thickness (mm) | Angle (?)
(+7)
m Epoxy Carbon UD (230 GPa) Prepreg 2 mm m
7 Epoxy Carbon UD (230 GPa) Prepreg 22 mm m
2 Epoxy Carbon UD (230 GPa) Prepreg 22 mm m
m Epoxy Carbon UD (230 GPa) Prepreg 2 mm m
m Epoxy Carbon UD (230 GPa) Prepreg 7 mm m

-2)
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Setting of the Composite Structure

It is suggested to use a symmetric distribution of the layers in terms of angle of the
fibers.

To limit the number of layers to be explicitly inserted in the worksheet, consider
grouping plies with the same fiber orientation in the same layer, by entering an
equivalent thickness value in the “thickness (mm)” field.

Layer | Material | Thickness (mm) | Angle ()

(+7)

” Epoxy Carbon UD (230 GPa) Prepreg 2 mm n

" Epoxy Carbon UD (230 GPa) Prepreg 122 mm i

" Epoxy Carbon UD (230 GPa) Prepreg 22 mm "

m Epoxy Carbon UD (230 GPa) Prepreg 22 mm m

m Epoxy Carbon UD (230 GPa) Prepreg 22 mm m
(-2)

01DWRMZ - Materials and production process simulation 12



Setting of the Composite Structure

Outline *ox
I— : Creation of a new coordinate system
Project A

= (@ Model (A4)
5] Geometry Imports
=% Geometry
- B Surface Body
- s8¢ Layered Section
@ ,{% Materials
B Coordinate Systems
>+ Global Coordinate System
-y it Coordinate System
2,/ Mesh
-l Face Meshing
(=511 Static Structural (AS5)
- ,H1 Analysis Settings

@ Force
-/, Fixed Support v

Details of "Coordinate System" *" 01 0OXx P
?r:rdinate System E::;r::nnl:ontrolled \ 0 7200 .
Choose the type of coordinate system

Suppressed No
) D:fgl::By Geometry Selection
Geomety I > Select the geometry of the local reference system
Origin ¥ 183,75 mm
Origin Z 5, mm

s et s » Define the orientation of the axes of the local
= Orientation About Principal Axis

= v system with respect to the global system
Define By Default
+ Directional Vectors

= Transfer Properties
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Results - Tsai-Hill Criterion

The Tsai-Hill is a failure criterion for anisotropic materials. This criterion is not

implemented in Workbench, so it must be calculated as a user-defined results.

Ee Context  C: SHELL_LAYER - Mechanical [Ansys Mechanical Enterprise]
“ Home Solution Display Selection  Automation Add-ons Learning and Support

D | My Computer - g & E" commands (®images~ @ @
il BHE u G

V! Distributed [Comment [MSection Plane

i Solve Analysis WG B Annotation | Deformation Strain  Stress
Ry R . ot
Outline > iOox O‘QE""Q; % JI'EQQQQQS
Name - .

/& Layered Section "
/8 Materials
1 Coordinate Systems
@ Mesh
-,/ Static Structural (C5)
/I Analysis Settings
/@ Fixed Support

/@ Force
/@, Moment
2@ &
B Solut Insert 4 Deformation
Y Tt Clear G D st
7@ D ear Generated Data rain
¢-E Fiexl . Rename R Stress
By Tsai-
M ) Group Al Similsr Children Energy
. Linearized Stress
Open Solver Files Directory
Stress Tool »
Worksheet: Result Summary
Fatigue >
Details of "Solution (C6)"
o Contact Tool
=1 Adaptive Mesh Refinement ontactToo '
Max Refinement Loops |1, Bolt Tool »
Refinement Depth 2, B Fracture Tool
= Information
Status Done RIEEE 2
MAPDL Elapsed Time |4, s Coordinate Systems ~ »
MAPDL Memory Used | 542, MB
- ®  Volume
MAPDL Result File Size 5,5 MB
=l Post Processing @) User Defined Result
Beam Section Results | No

& PythonResult [y 0 Result

User Defined Crit Insert a User Defined result object to derive result
values by performing mathematical operations
USER on results obtained following a solution.

On Demand Stress/Strain | No

E Commands
# Python Code

@ Press F1 for help.

Insert a User Defined result object to derive result values by performing mathematical operations on results obtained following a solution.

B /[& Solution (C6)

- /{5 Solution Information
&8 Total Deformation
...‘(Qg Displacement_Z

/%8 Flexible Rotation Probe
{5 Tsai-Hil_Criterion

Vﬁ Fyb_1
TP Fyb_2
-/ Fyb_3
/TP Fyb_4
Vﬁ Fyb_5
55 Fybers_orientation_check
Details of “Fyb_1" *v00O!
=| Scope
Scoping Method Geometry Selection
Geometry All Bodies
Sub Scope By Layer
Layer 1
Position Top/Bottom
=! Definition
Source Expression
Expression = [SK*SX)/(2231*2231)+(SY*S¥)/(29*29) + (SZ*SZ)/(29*28)-(SX*S...
Input Unit System Metric (mm, kg, N, 5, mV, mA)
Qutput Unit
By Time
Display Time Last
Separate Data by Entity | No
Coordinate System Solution Coordinate System

Calculate Time History | Yes
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Results - Tsai-Hill Criterion

. Before computing the criterion, check the orientation of the element reference system.

- Context C: SHELL_LAYER - Mechanical [Ansys Mechanical Enterprise] - & *
“ Home Solution Display Selection Automation Add-ons Learning and Support O 0' A
- - A S & S _
D | My Computer g o d 5 [F commands @ images @ % Q @ % @ Q . ® % @ e B
. v Distributed £ [Jcomment [BSection Plane u € v :
C a Solve Re e Analysis - . N Deformation Strain  Stress Energy Linearized Volume Coordinate Contribution User Defined Probe = Toolbox | Tools | Views
Cores|4 - F tio -y i e s Lt chart E5 annotation - - - ~ & Stress~ Systems ~ = riteria™ - > ~ -
Outl Solve [ — e
Outline MLl CQ (Bee@ G H-[HQA QA Q St kModer TERRDREME " ® © =2 FCipboard- [Empty] @Extend~ 9 SelectBy~ %
Name v Ve
+® Force "
- /@, Moment
B8 :
/5 Solutio Insert 4 Deformation
% Total T Clear Generated Data Strain
/8 Displac
8 Flexibl o Rename F2 Stress
B Tsai-H
“D & ¢ ) Group AllSimilr Children Ene N
- = - Linearized Stress Tiper
+uR F &5 Open Solver Files Directory
vl F Stress Tool »
@ g Bl Worksheet: Result Summary
i - .«ﬂ Fyb_5 Fatigue >
-, Fybers_orientation_check Contact Tool »
% Fyb_1
L Fyb_2 Bolt Toal »
/% Fyb_3 B Fracture Tool
% Fyb_3
% Fyb S Probe >
Details of "Solution (C6)" Coordinate Systems  » @  Nodal Triads =
-/ Adaptive Mesh Refinement q Volume @  Nodal Euler XY Angle
Max Refinement Loops | 1 C
- P ‘ W9  User Defined Result ®  Nodal Euler YZ Angle
Refinement Depth 2, ®  Nodal Euler XZ Angl
= Information A Python Result x Mocal Suler 2° Angle 000 50,00 100,00 (mm)
L]
Status [Bans User Defined Criteria  » | = Clemental Triads 2500 7500
MAPDL Elapsed Time |4, s _ @B Elemental Eule . = 10
MAPDL Memory Used 542, MB 5. Commands @ Elemental Eule Hemental Triads
MAPDL Result File Size | 5,5 MB A Python Code Q: Q At each element centroid, display an XYZ triad aligned [fabular Data ~1oOx
N Eule with the element's rotated coordinate system, with
; R J Time [s] | Step
;e"“ S"';““':’ ; . respect to the global Cartesian coordinate system. 1—J1 ]
am Section Results o 3 3

On Demand Stress/Strain | No
(@) PressF1 for help.
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Results - Tsai-Hill Criterion

Outline *310Ox Q Q Elh e g J"BQQQ'

Name -

Select the layer number and
verify that the element
reference system shown has
the x-axis aligned to the fiber
direction specified in the
worksheet of the layered
section

] v+ Coordinate System A
B,/ Mesh
-1 Static Structural (C5)
-y H] Analysis Settings
Jﬁ Fixed Support
-8, Force
@ Moment
=& Solution (C6)
51 Solution Information
- @B Total Deformation
.~ Displacement_Z
/%8 Flexible Rotation Probe
& ,,E Tsai—Hill_Criterion
= Fybers_orientation_check
&8 Fyb_1
LB Fyb_2
/8 Fyb_3
[ B Fyb_4
/8 Fyb_5

Details of "Fyb_1"
=/ Scope

Scoping Method Geometry Selectiof
Geometry All Bodies
Sub Scope By Layer E G 00
Layer 1 . o
Position Top/Bottom
/| Definition
Type Elemental Triads Graph
By Time Animation | ‘E | ;_ﬂ] 20 Frames
Display Time Last
Calculate Time History | Yes
Identifier =

Suppressed No

.
O 0,000 15,000 30,000 (mm)
- J
+ Information [s] E.G. 90 7,500 22500
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Results

- Tsai-Hill Criterion

«%
T
ﬁ?

=% Solution (C6) O}?x G)%y O-zzz TJ%y TJZIZ TJ%Z 1 1 1

s TH=ggt ottt tgr oo Gat

Displacement_Z

Yz 72

Flexible Rotation Probe 1 1 1 1 1 1
Tsai—HIII _Criterion
5: ::E;_ —O0yx055 <ﬁ_ﬁ+ﬁ> — O'yyO'zz( XZ +W+Zz>

: ,,@ﬂ Fyb_3

B Fyb_4

5_::%: — Where X,Y,Z,Q,R and S are the tensile stress

o ]

L Fybers_orientation_check

Details of "Fyb_1"
-/ Scope
Scoping Method
Geometry
Sub Scope By
Layer
Position
- | Definition
Source
Expression
Input Unit System
Output Unit
By
Display Time

Separate Data by Entity

Coordinate System
Calculate Time History

limits in X,Y and Z and the shear stress limits

+ 10O . . .
XY,YZ and XZ, reported in Engineering data.
Geometry Selection
All Bodi: . . . .
Loy Write the expression of the criterion.
Top/Bottom
— To make the cartesian directions following

= (SX*SX)/[2231*2231) = [SY*SY)/(29*29) = (SZ*SZ)/(29*29)-[SX*S... th e fl be ro I"i e ntati on:

Metric (mm, kg, N, 5, mV, m4)

— Choose the Solution coordinate system,

8 / with the x-axis keeping aligned to the
Solution Coordinate System direction Of the fiber.

Yes
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Comparison of the results with the steel case study

For each layer in the composite, verify that the Tsai-Hill criterion is satisfied,
namely TH<I.

Verify also the stiffness of the structure: the maximum deflection and the
rotation of the wheel’s edge must be equal or less than the steel case study.

Rotation can be quantified with probe (insert->probe -> flexible rotation).

Outline v4Ox QA B & % &-[+]a@a@@Q st kMde- TERRE BB B & £ [FClipboard~ [Empty] & Extend~
Name v
+® Force
+@, Moment

=& Solution (C6)
-+ Solution Information
-~/ @ Total Deformation
/% Displacement_Z
%8 Flexible Rotation Probe
(5 Tsai-Hil_Criterion

v AR
VB A2
/B A3
v A
/RS
&), Fybers_orientation_check
% Fyb_1
8 Fyb_2
v Fyb_3
+® Fyb_4
+® Fyb_5
Details of "Flexible Rotation Probe" viaOx
= Definition
Type Flexible Rotation
Location Method | Geometry Selection
Geometry Ul 0,00 50,00 100,00 (mm)
Suppressed No | S S—
5| Options 25,00 75,00
Result Selection ¥ Axis
Display Time | End Time Graph v 3 O X Tabular Data
Spatial Resolution | Use Maximum Animation |« » W] 1 _:.‘_m 20 Frames v|2Sec(ante) ~| B8 @ HE ¥ !Tlme 1s] | [V Flexible Rotation Probe ) [] |
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Content of the Report

A report describing the activity is due by the end of course.The report must
contain the following:

* Obijectives of the exercise;

* Description of the numerical model;
* Requested results;

* Ciritical analysis of the results;

* Conclusions;

01DWRMZ - Materials and production process simulation 19



	Diapositiva 1
	Diapositiva 2: Exercise Object
	Diapositiva 3: Exercise Requests
	Diapositiva 4: Create the Geometry
	Diapositiva 5: Apply Load and Constraint
	Diapositiva 6: SHELL Elements
	Diapositiva 7: SHELL Elements
	Diapositiva 8: SHELL Elements
	Diapositiva 9: Creation of the Geometry
	Diapositiva 10: Apply Load and Constraint
	Diapositiva 11: Setting of the Composite Structure
	Diapositiva 12: Setting of the Composite Structure
	Diapositiva 13: Setting of the Composite Structure
	Diapositiva 14: Results - Tsai-Hill Criterion
	Diapositiva 15: Results - Tsai-Hill Criterion
	Diapositiva 16: Results - Tsai-Hill Criterion
	Diapositiva 17: Results - Tsai-Hill Criterion
	Diapositiva 18: Comparison of the results with the steel case study
	Diapositiva 19: Content of the Report

