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Project goals

The proposed analysis aims to investigate the behaviour of a cantilever beam,
exploiting the finite element method (FEM).

The main exercise goals will be:
- Assure the convergence between numerical and expected analytical results.
- Compare the features of two distinct element types used for the simulations.

- Analyse the influence of different contraints and loads conditions on stress and
strain distributions.
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Model creation

Material Geometry Property
Name Value MName Value

SolverKeyword:  MATI SolverKeyword:  PSHELL
:\[Ifme: ?tem MName: Property 1
Color: [ D !
Include: [Main Model] . Color: =
Defined: = _— > - » Include: [Main Model]
Card Image: MATI X Defined: ]
User Comments: Hide In Menu/Export e S S Card Image: PSHELL
E 210000.0 . ';X o Material: (1) Steel
EU E?Bg'z . — User Comments: Hide In Menu/Export
RHO: 7.85¢-09 . ] T >0

Set up of the cantilever beam model material properties and geometrical
dimensions.

A property for the beam is defined in order to assign thickness value and “PSHELL"”
card image.
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Model creation

Boundary conditions:

Constraints are applied on the left side of the beam and can be simulated in two ways:
- constrain the horizontal displacement of all the nodes to zero and the vertical displacement only of the middle node to zero.
- constrain the horizontal and vertical displacement of all nodes to zero.

A vertical load of 1000 N is set on the structure right edge. The force can be set concentrated on the middle node or eventually
distributed on all edge nodes.

FORCE =1000.0
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To make a comparison between 3 and 4 nodes element, the depicted configuration is employed, having the load concentrated,
and both vertical and horizontal displacement constrained to zero on all nodes.
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3 nodes element analysis

Simulations results collection at increasing mesh grade:

Number of elements | Normal stress S | | Shear stress t | | Deflection |
Mpa Mpa mm

Theoretical values 150 15 0,1517
1x4 12,86 - -

2x8 48,84 9,271 0,07765

4x16 98,29 12,58 0,1242

6x 20 116,1 13,63 0,1377

8 x40 1314 14,36 0,1492

16 x 80 141,6 14,83 0,1556

The following plots highlight how the registered stresses and deflection values approach the
analytical ones by increasing the number of degrees of freedom:

[MPal Mesh grade vs Absolute normal stress [MPal] Mesh grade vs Absolute shear stress [mm] Mesh grade vs Absolute deflection
150 20 0,20
15 0,15
100
10 0,10
50
5 0,05
0 0 0
x4~ 2x8  4x16  6x20  8x40 16x80 x4~ 2x8  4x16  6x20 8x40 16x80 1x4 2x8 4x16 6x20 8x40 16x80
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4 nodes element analysis

Simulations results collection at increasing mesh grade:

Number of elements | Normal stress s | | Shear stress t | | Deflection |
Mpa Mpa mm

Theoretical values 150 15 0,1517
1x4 4,987E-13 - -
2x8 75 10 0,1547
8x32 131,2 14,65 0,1576
16 x 64 140,6 14,91 0,1579
32x128 145,3 14,98 0,158

As in the 3 nodes case, the registered stresses and deflection values approach way more the
analytical ones when increasing the mesh size:

[MPa] Mesh grade vs Absolute normal stress [MPa] Mesh grade vs Absolute shear stress [mm] Mesh grade vs Absolute deflection
160 Y 0,20
14
120 015 - = .
10
80 0,10
6
40 0,05
0 0 0
1x 4 2x8 8x32 16x64 32x128 1x4 2x8 8x32 16x64 32x128 1% 4 2x8 8x32 16x64 32x128
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Convergence of the solutions and
compadarison

The choice of the most significant mesh size is based on the relative error of the analyses values with
respect to the theoretical ones.

The selected mesh, 4 nodes element (16x64 configuration), has a relative error lower than 8% for all the
evaluated quantities. The choice aims to use a model with high accuracy and limited computational cost.

3 hodes element

4 nodes element

Number of elements | Normal stress s | | Shear stress t | | Deflection |

Number of elements | Normal stress s | | Shear stress t | | Deflection |
Error wrt Theor val (%) Error wrt Theor val (%) Error wrt Theor val (%)

Error wrt Theor val (%) Error wrt Theor val (%) Error wrt Theor val (%)

1x4 91,4

1x4 100,0
2x8 67,4 38,2 48,8 2x8 50,0 33,3 -2,0
4x16 34,5 16,1 18,1 8x32 12,5 2,3 -3,9
6 x 20 22,6 9,1 9,2 16 x 64 6,3 0,6 -4,1
8 x40 12,4 4,3 1,6 32x 128 3,1 0,1 -4,2
16 x 80 5,6 11 -2,6
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Influence of different boundary conditions
on stress and strain field

The results show the difference between applying the same force value first with a concentrated and
then with a distributed load. The mesh size is the one previously chosen, the 4 nodes element 16 x 64.

Constraints: horizontal displacement of all the nodes to zero and the vertical displacement only of
the middle node to zero.

Concentrated load Distributed load
| Normal stress s | | Shear stress t | | Deflection | | Normal stress s | | Shear stress t | | Deflection |
at half beam lenght at half beam lenght at half beam lenght at half beam lenght at half beam lenght at half beam lenght
Mpa Mpa mm Mpa Mpa mm
140,6 14,91 0,1578 140,6 14,91 0,1578

NMS EXERCISE 1 — Cantilever beam model
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Influence of different boundary conditions
on stress and strain field

As before, the difference between concentrated and distributed load is shown. The mesh size is the
one previously chosen, the 4 nodes element 16 x 64.

Constraints: horizontal and vertical displacement of all nodes set to zero.

Concentrated load Distributed load
| Normal stress s | | Shear stress t | | Deflection | | Normal stress s | | Shear stress t | | Deflection |
at half beam lenght at half beam lenght at half beam lenght at half beam lenght at half beam lenght at half beam lenght
Mpa Mpa mm Mpa Mpa mm
140,6 14,91 0,1549 140,6 14,91 0,1579
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Conclusions

The results of the four different load cases are almost the same, proving that the most significant
mesh was properly chosen.

Moreover, the importance of the mesh size can be highlighted by looking at the results of the
previous analyses with few elements, which are far from the theoretical values due to low accuracy.

It is also notable from the charts of the relative errors that the 4 nodes elements predict better the
results with respect to the 3 nodes elements, requiring fewer elements to achieve the same results.

Errors 3 nodes element Errors 4 nodes element
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Project overview

Subject of the study:
Rod of an internal combustion engine.

Godals of the study:

& Characterization of the different load cases involved in
the component working life;

¢ Verification of the component reliability under heavy
static load conditions.

Clamping condition: E NS I—

Big eye bottom part joint by means of two bolts M8x1.25: | =
35mm (standardised length).

A
|

-\F'Pm‘i'f’ﬁ Pp_lli_te_cnico NMS EXERCISE 2 — Rod engine verification

1



Material and
property definition

Name: Castiron

1D: 1

Color: O

Include: [Main Model]
Defined: ]

Card Image: MAT1

User Comments: Hide In Menu/Export
E: 165000.0

G

NU: 028

RHO: 7.2e-09

Nodes

positioning

Model generation

RBE2 (rigid elements)
positioning

— 3D mesh —

Inside the screw hole, to take into account the

90% of the load distribution in the threads: —

lRBEZ - 6 ° pltChMB - 6 ° 125mm
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Constraints and
loads application

FORCE = 73934.2

FORCE = 32000.0

FORCE = 32000.0

FORCE = 32000.0

Load step
definition

Igh Load Steps (1)
& Constraintandloads 1

SPC: (1) Constraints & loads|
LOAD: (1) Constraints & loads|

H #
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Load cases

Load case at engine rotational speed of 1900rpm:
% Force related to the maximum pressure on the piston, enacted by the fuel

combustion:;
E, = Spiston * Pmax = —73934.2N

% Inertia force of the piston:
Fi = Myiston * Arpc, 1900 = $1901.6N

FORCE =73934.2

& Clamping loads:
E. = +32000N

Load case at engine rotational speed of 5000rpm:
“ Inertia force of the piston:
Fi = Myiston * Arpc, 5000 = $13169.1N
& Clamping loads:
F. = +32000N
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Postprocessing analysis

Initial mesh adopted to carry out the simulations: 4mm, R-trias 1° order elements.

Stress evaluation criteria: Tresca (conservative evaluation).

Element Stresses (2D & 3D)(Tresca)
Global System
Simple Average

2.976E+02
[ 2.647E+02

2.318E+02
— 1.989E+02

— 1.661E+02
— 1.332E+02

1.003E+02
6.745E+01
3.457E+01

1.700E+00
No Result

Max = 2.976E+02
Grids 2054

Min = 1.700E+00
Grids 751

z

v L{ X

1° load case

Stress concentration along the rod
stem, that is the link where the load
is transferred from the small eye to
the big constrained one.
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Element Stresses (2D & 3D)(Tresca)
Global System
Simple Average

2.241E+02
[ 1.994E+02

1.748E+02
— 1.501E+02

— 1.254E+02
— 1.007E+02

7.601E+01
5.132E+01
2.663E+01

1.940E+00
No Result
Max = 2.241E+02
Grids 1853
Min = 1.940E+00
Grids 2162

Y X
. |

2° load case

Stress concentration in the clamped
zone much higher than the
distribution on the rod stem, loaded
only by the piston inertia force.

NMS EXERCISE 2 — Rod engine verification
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Component verification

Castiron average mechanical parameters:

% Tensile and compressive yield strength: o, = 428MPa, 0., = 991MPa.

1° load case

Stress intensification in the
geometry variation zones.

acy 991
SF = . = 29 = 3.3
UTresca, MAX 7.6
MNode ID Node Coordinates Contour(Element Stresses (2D & 3D))
2054 -13.5041 52 3716 10,9999 2 976E+D2
1151 -0.000462953 106.471 7.49857 2. 709E+02

The safety factor is computed considering the
compressive yield strength, because the rod, in
both cases, is loaded at the most in compression.

3 % Politecnico
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2° load case

Stress intensification
nearby the clamping
region and in sharp
zones.

acy 991

aTresca, MAX 224.1
MNode ID Node Coordinates Contour(Element Stresses (2D & 3D))
1853 357025114671 7.83785 2.241E+02
a6z -26.3227 -6.00944 11 2.001E+02
1663 40.004 -27 9833 7.00016 1.8913E+02

NMS EXERCISE 2 — Rod engine verification

5



Results discussion

The 2° load case is the most relevant because, by the postprocessing analysis, a non-
uniform stress distribution is highligthed on the rod along:

% The big eye internal face, where the constraint unloads the clamping forces;
¢  The inner part of the screw holes, where the load is applied by means of the threads;
¢  The sharp edges at the big eye bottom surface.

Three analyses are undertaken, with the goal to get closer to the real phenomenon and to
smoothen the stress distribution:

@ Different constraint positioning; | Boundary condition
¢ Downsizing of the mesh: 4mm — 2mm; } .
Mesh quality
& Increase of the element order: 1° order — 2° order.
The same values for the captions are selected, to compare the differences.

NMS EXERCISE 2 — Rod engine verification
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Different constraint positioning

Expectation: lack of stress intensification inside the big eye. S

Results:

& Little stress distribution improvement in the internal big
eye surface, attending a lower peak stress too:
200.IMPa - 196MPa;

4 Worse stress level in the screw holes, where the load is
applied: 224.1MPa — 227.3MPa. The stress around the
threads unloads in a narrower space in this case, thus
featuring this higher stress concentration.

Element Stresses (2D & 3D)(Tresca)
Global System
Simple Average
2.273E+02
[ 2.023E+02
1.772E+02
— 1.522E+02
m 1.272E+02
— 1.021E+02
7.707E+01
5.203E+01
2.698E+01
1.940E+00
No Result
Max = 2.273E+02
Grids 1853
Min = 1.940E+00
Grids 2162

e
e

Mode ID Node Coordinates Contour{Element Stresses (2D & 3D))

37z -2h.1272 -9.65046 1 1.960E+02
1853 35.7028-11.4682 7.8377 2.273E+02

NMS EXERCISE 2 — Rod engine verification
7

litecnico
Torino




Mesh downsizing

Expectation: better discretization — accuracy 1.

Results:
% Higher overall maximum stress: 224.1MPa — 387.2MPa;

& Stress intensification along the sharp edges and the geometry variations: 191.3MPa — 224.8MPa;

¢ Better stress distribution along the internal surface of the big eye, complying with the expected
simmetry with respect to the Y-midline, but with higher stresses: 200.1MPa — 307.2MPa;

% Higher stress values inside the screw holes: 224.1MPa — 387.2MPa.

Element Stresses (2D & 3D)(Tresca)
Global System
Simple Average

2.241E+02
[ 1.994E+02

1.747E+02
— 1.500E+02

— 1.254E+02
— 1.007E+02

7.599E+01
5.131E+01
2.662E+01

1.940E+00
No Result
Max = 3.872E+02
Grids 6731
Min = 1.605E+00
Grids 8477

Node ID|Node Coordinates Contour{Element Stresses (2D & 3D))

6731 27.9897 -0.181351 11 3.872E+DZ
6214 | 40.0059 -27 9754 7.00004 2248E+02
1307 | -26.4246-2.01576 9.999494 3.072E+02

NMS EXERCISE 2 — Rod engine verification
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Increase of the element order

Expectation: DOFs per element 1 (better estimation of the displacements field) — accuracy 1.

Results:
% Higher overall maximum stress: 224.1MPa — 359MPaq;
# Severe stress intensification along the sharp edges and the geometry variations: 191.3MPa —

359MPa;

¢ Better stress distribution along the internal surface of the big eye, complying, in this study case
too, with the expected simmetry with respect to the Y-midline. Difference in the peak stress

attending a lower value: 200.1MPa — 125.2MPa;
¢ Higher stress values inside the screw holes: 224.1MPa — 311.5MPa.

Element Stresses (2D & 3D)(Tr )
Global System
Simple Average
2.241E+02
[ 1.994E+02
1.747E+02
— 1.500E+02

— 1.254E+02
— 1.007E+02

%

b
i

P
7
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5j1 31E+01 \
I 940100 SR |
Maxl\‘:;zs;:]lgoz ‘N“N \\‘

4/

/A

Aﬂﬂ_

Grids 20985

Min = 8.828E-01 y
Grids 20245 .
ris \ MNode |B Node Coordinates Contour(Element Stresses (2D & 3D))
278 26.9252-2.0087 11 1.252E+02
20985 | -40.0045-26.064415.001 3530E+02
13046 | 35.703-13.5298 7.83676 3115E+02

NMS EXERCISE 2 — Rod engine verification
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Conclusions

2° load case leferen.t ConStrdint Mesh downsizing 2° order elements
positioning
Maximum value 224.1 MPa 227.3 MPa 387.2 MPa 359 MPa
Sharp edges and the _
geometry variations 191.3 MPa 224.8 MPa 359 MPa
Internal big eye surface 200.1 MPa 196 MPa 307.2 MPa 125.2 MPa
screw holes 224.1 MPa 227.3 MPa 387.2 MPa 311.5 MPa

The mesh downsizing and the 2° order simulations show smoother stresses distributions and results
quite similar among them, standing for a convergence of the simulation to the real phenomenon.
Thus, the new retrieved values can be considered as reference ones.

A new safety factor is computed:

JC,y 991

SF = = 2.56

7 )
UTresca, MAX 387.2

NMS EXERCISE 2 — Rod engine verification
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Targets

This project aims to evaluate the bending and torsional stiffnesses of a commercial
vehicle frame.

In order to investigate the structure properties, a 1-D elements approach is exploited.

Moreover, to understand the relation between the main model parameters and stiffness,
some variations in the frame properties will be analyzed.

' Politecnico NMS EXERCISE 3 — Study of a commercial vehicle frame
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Model creation

Cross-sections definition —— Material and properties definition ———  Line mesh 1-D elements

DMt =55000 Name: steel
1DIM4 = 3.000 ID: 1
Color: O
\4
Include: [Main Model] 8
Defined: T
Card Image: MAT1 X
" h I . " f User Comments: Hide In Menu/Export 500 1700 500 500 900 600
e o e 2 Channel section” for E: 206000.0
; . . 5600
the longitudinal beams G
NLU: 03
RHO: 7.85e-09
D 1 ID: 2
Color. O Color ]
Include [Main Model] Include [Main Model]
Defined: Defined
Card Image PBEAML Card Image PBEAML
DIM1 = 55 0800
" . ” Material (1) steel Material (1) steel
Tu be SeCtIOn for User Comments: Hide In Menu/Export User Comments Hide In Menu/Export
Beam Ssction | (1) channel_section. 1 Beam Section | (2 ube_section.2
the CrOSS bed mS pbeamlintStationslen = 0 pbeamlintStationslen = 0
SECTION_FOR_VABS ] SECTION_FOR_VABS: =
TYPE: CHAN TYPE TUBE
DIM1A: 55.0 DIMTA; 550
DIM2A: 147.0 DIM2A; 520
DIM3A: 30

Element size 100 mm

NMS EXERCISE 3 — Study of a commercial vehicle frame
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Description of applied loads and constraints

Given the load conditions, it is supposed a Center of Gravity at half length of the third cross beam.
Being an industrial vehicle, it is assumed a full load case of 4000 kg total mass.

Bending load case

Constraints: At all suspension attachments. All
degrees of freedom set to zero,

except the rotation around y axis.

Loads: Two forces applied as shown,
representing vehicle weight.

mo
F, = Tg=19620N

4, Politecnico

Torsion load case

Constraints: Only at rear suspension attachments.
All degrees of freedom set to zero,
except the rotation around x axis.

Loads: Two forces applied as shown. Values
come from load transfer considerations.

NMS EXERCISE 3 — Study of a commercial vehicle frame
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Bending stiffness evaluation

Bending stiffness is defined as the
ratio of total applied load on vehicle
fraome and the relative displacement
in the plane of application of the force:

Contour Plot
Displacement (2)
Global System
2-F, 2-19620N
b l 1.862E+01
— — — 7. +00
Ky, = 51 = 593,2 N/mm | e -
— - E+01
|0, 66,15 mm | R
— -3.528E+01 e
4. E+01
-5. E+01
-6. E+01
N sult
Max = 0E+01
rids 1
in = E+01
rids
/

NMS EXERCISE 3 — Study of a commercial vehicle frame
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Torsional stiffness evaluation

Torsional stiffness is defined as the ratio of
total applied torque on the front
suspensions plane and the relative twist
angle of the frame in the plane of
application of the force:

Fy-t 8000N -1400 mm
Kt = =

U¢ 0.1237 rad e

— 90535,8 Nm/rad b
fomen

where: o
i T
'9 1 |5| 1 87,04 mm 7 1 o ﬁ'.':ﬁ 0000000
=tan ~——-=tan = -
t/2 1400 ’
—2 Z

NMS EXERCISE 3 — Study of a commercial vehicle frame
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Mesh and material variation

Same results previously obtained have been confirmed decreasing the element size
from 100 to 10 mm.

New study: Material change to Aluminum.

Name: steel Name: Aluminum
ID: 1 1D 1

Color: ] Color: [

nclude [Main Model] Include: [Main Model]
Defined: v Defined:

Card Image: MAT1 > Card Image: MAT1

User Comments: Hide In Menu/Export User Comments: Hide In Menu/Export
E: 206000.0 E: 700000

G: G

NU: 03 MNU: 0.33

RHO: 7.85e-09 RHO: 27e-09

Expectations: Lower bending and torsional stiffness, due to the lower Young Modulus.

Bending deflection [mm)] Bending stiffness [N/mm] Torsion deflection [mm] Twist angle [°] Torsional stiffness [Nm/rad]
Steel -66,15 593,2 87,04 7,1 90535,8
Aluminum -194,7 201,5 260,4 20,4 31448,5

NMS EXERCISE 3 — Study of a commercial vehicle frame
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Analysis with a cross section variation

Goal: Define a more rigid structure.

Boundary conditions: Same external dimensions and thickness of previous analyses.

Method: Cross section variation analysis, seeking for highest relative moments of inertia.

Longitudinal beam hypothesis

DIMA = 3,000

J. DIM3 = 3,000

baoments Of Inertia

Local

[+ = 363452.7500 I = B3504.7500
12 = 24117727500 12 = 24117727500
%2 = 0.0000 IvZ = (.0000

Politecnico

Torino

DIM2 = 147.000

DIM4 = 3.000

DIM1 = 55 000

Moments Of Inertia.:

1DIM3 = 3.000

Local

Iy - §55718.0000
B = 3112572.0000)

T = RV

Cross beam hypothesis

\DIM1 = 55.0800

DIM2 = 77.780 5 1 DIM2 = 52 0600‘ \

DIim4 = 3.000

|DIM3 = 3.000

Principal Principal

I = B37692.7957 b = 1444354.2911
Lt = B37692.7987 o = 14443542911
Angle = [.0oo0 Angle = 0.0000

Palar = 16753855374 Palar = 2888708.5621
Fiadius of Gyratian = 305534 Radl_us of Gyration = 37.8451
Torsional Constant = 12545201381 [Torsional Constant -_2868708.6621)

NMS EXERCISE 3 — Study of a commercial vehicle frame
7



Results discussion

Longitudinal beams - Box cross section

Cross beams - Tube cross section

vy b x
=
) )
Bending load case Torsion load case
Contour Plot A Contour Plot
Displacemen t(Z) Displ eeeeee t(Z)
Analysis system Global System
2.278E+01 5.518E+01
[ 1.445E+01 [ 4.291E+01
6.110E+00 3.065E+01
— -2.226E+00 — 1.839E+01
— -1.056E+01 — 6.131E+00
— -1.890E+01 — -6.131E+00

-2.723E+01 -1.839E+01
-3.557E+01 -3.065E+01
-4.391E+01 -4.291E+01 F\_\

-5.224E+01 -5.518E+01

No Result No Result
Max = 2.278E+01 Max = 5.518E+01 [ —
Grids 13 Grids 2
Min = -5.224E+01 Min = -5.518E+01
Grids 41 Grids 1
- —

z z

L. -’

2-F 2-19620 N ) .
b _ — 768,2 N/mm K - Fy-t 8000N-1400 mm

1621 51,08 mm 79, 0.0684rad

&
I

= 163793,2 Nm/rad

Politecnico NMS EXERCISE 3 — Study of a commercial vehicle frame
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Conclusions

Comparison:

Bending stiffness [N/mm] Torsional stiffness [Nm/rad]
STEEL (100 mm element size) 593,2 90535,8
ALUMINUM (100 mm element size) 201,5 31448,5
STEEL (New cross section) 768,2 163793,2

« By having lower values of E and G, the relative stiffnesses of Aluminum structure are lower.

- Bending and torsional stiffness vary accordingly to hypothesis concerning the moments of inertia related to
the specific load case.

Contour Plot
Displacemen t(Z)

O b t 1 . Analysis system
servaton:

[ 7.791E+01
5.565E+01

Considering the torsional loading case, the frame rotates around the 1w —

-1.113E+01

x-axis, but its longitudinal beams only bend in their plane (Xz) |

-7.791E+01
-1.002E+02

registering a null y-axis displacement.

This issue may result by the elementary type applied mesh: 1D line
mesh. {

£ Politecnico NMS EXERCISE 3 — Study of a commercial vehicle frame
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Project overview

AN

Subject of the study:
Car body T-joint.

Clamping condition:
¢ Top sheet joint to the bottom one by means of spot welds;

& T-joint lower part constrained to emulate the rigid body
lbehaviour of the vehicle sills.

Godals of the study:

& Evaluation of the T-joint bending stiffness around the X and Z
axes (model FOR) and of its torsional stiffness around the Y
axis;

z

¢ Evaluation of the fluctuation of the different stiffness values,
when changing the number of spot welds.
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Material and

property definition _>

Name: Steel

10 1

Color: B

Include: [Main Model]

Defined:

Card Image: MAT1

User Comme... Hide In Menu/
206000.0

MName:

03

Steel property

1D: 1

Colar: [ |

Include: [Main Model]
Defined:
|cardimage:  PsHELL]
Material: (1) Steel
UserComme... Hide In Menuf
[T 10 |

Politecnico

Model generation

2D mesh
(5mm elements)

Nodes and reference
lines generation

Spot welds
positioning

— Model reflection ——

\ J

Y
The starting model is

‘ ; just half component.

Y
The spot welds
are simulated as
rigid elements.
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Model generation

RBE2 (rigid elements) Constraints and

— Edge equivalence positioning 7 loads application

900.0 MOMENT = 10000.0

ORCE = 1000.0

& Continuity of the 2D mesh
must be ensured at the
simmetry plane;

“ The spot welds rigids must
e attached to the mesh.

Load step definition

[= Analysisty.. Linear Static
SPC: (1) Constraint
LOAD: (2) Fz - Xstiffness
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Load cases

Three different loads to evaluate the T-joint stiffness:
% Load along the Z-direction - bending stiffness around the X axis:
F, = 1000N

& Load along the X-direction - bending stiffness around the Z axis:
Fy = 1000N

& Moment around the Y-direction - torsional stiffness:
My = 10000N - mm

Three different spot welds spacings at constant end offset (20mm):

& 30mm;
# 50mm (reference value);
& 70mm.

Three simulations with these spacing values are undertaken and the postprocessing results
are examined.
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50mm spot welds spacing

¢4 Bending stiffness direction: X axis;
Maximum Z displacement value: 24.36mm.

Kx penaing = = = 41.1N/mm
Z

& Bending stiffness direction: Z axis;

Maximum X displacement value: 0,2293mm.

F
Ky penaing = —j = 4361.1N /mm

&4 Torsion stiffness direction: Y axis;

Maximum Z displacement value: 0,031mm.
MY MY 1000ON mm

K . — = =
P gy ine1 (G2/)) 574+ 10 rad
=1.74-10” N -mm/rad > =54mm

%3 % Politecnico

di Torino

Displacement(Z)
Global System

2.436E+01
[ 2.156E+01

1.876E+01
— 1.596E+01

— 1.316E+01
— 1.036E+01

7.565E+00
4.765E+00
1.965E+00
-8.348E-01
No Result ==
Max = 2.436E+01
Grids 213
Min = -8.348E-01
Grids 8984

Displacemen t(X)
Global System

2.293E-01
[ 2.030E-01

1.767E-01
— 1.504E-01

= 1.240E-01
— 9.773E-02

7.142E-02
4.510E-02
1.879E-02

-7.529E-03
No Result

Max = 2.293E-01
Grids 3159

Min =-7.529E-03
Grids 128

Y
|

Z = X
Displacemen t(Z)
Global System
3.100E-02
[ 2.411E-02
1.722E-02
— 1.033E-02

T 3.444E-03
— -3.444E-03

-1.033E-02
-1.722E-02
-2.411E-02

-3.100E-02

No Result

Max = 3.100E-02
Grids 5649

Min = -3.100E-02
Grids 41
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70mm spot welds spacing

Displacement(Z)

Expectation: lower overall stiffness.

[ 2.693E+01
2.342E+01

&2 Bending stiffness direction: X axis; g s
Maximum Z displacement value: 30.44mm. o

K — 2 _-1329N g
X,bendlng - L = . /mm Min =-1.143E+00

Grids 5065

Displacemen t(X)
Global System

. N . I
&2 Bending stiffness direction: Z axis; =

Maximum X displacement value: 0,2421mm. Jus

FX Max = 2.421E-01
K7 bending = f_ = 4130.5N/mm G .
X

Grids 103

-
&4 Torsion stiffness direction: Y axis; A

=
Maximum Z displacement value: 0,0338mm. - Lo

o _My__ My _ 10000N-mm [
Y, torsion Oy sin-1 (dz/l) 6.26 - 10~4rad jeriany

No Result

Max = 3.380E-02
Grids 7256

=1.60-10” N - mm/rad e
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30mm spot welds spacing

Expectation: higher overall stiffness.
&2 Bending stiffness direction: X axis;
Maximum Z displacement value: 29.44mm.

KX,bending =Z= 34N/mm
VA
&4 Bending stiffness direction: Z axis;
Maximum X displacement value: 0,2194mm.

Fx
KZ,bending = f_X = 45579N/mm

&4 Torsion stiffness direction: Y axis;

Maximum Z displacement value: 0,02782mm.

My My 10000N - mm

K . = = =
Y,torsion Oy sin-1 (dZ/l) 5.15-10~*rad
=194. 107 N - mm/rad

3 % Politecnico

di Torino

Displacement (Z)
Analysis system

2.944E+01
[ 2.604E+01

2.265E+01
— 1.925E+01
— 1.585E+01
— 1.246E+01

9.064E+00
I 5.668E+00

2.272E+00

1.1238+00 LA
NoResult &=

Max = 2.944E+01
Grids 201

Min =-1.123E+00
Grids 5935

Displacemen t(X)
Analysis system

2.194E-01
[ 1.942E-01

1.690E-01
— 1.438E-01

= 1.187E-01
— 9.349E-02

6.832E-02
4.315E-02
1.798E-02

-7.198E-03
No Result

Max = 2.194E-01
Grids 2080

Min =-7.198E-03
Grids 133

¥

i

\

L= X
Displacemen t(Z)
Analysis system

2.782E-02
[ 2.164E-02
1.545E-02
— 9.273E-03
— 3.091E-03
— -3.091E-03
-9.273E-03
-1.545E-02
-2.164E-02
-2.782E-02
No Result
Max = 2.782E-02
Grids 3747
Min = -2.782E-02
Grids 64
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Conclusions

Bending stiffness Bending stiffness Torsional stiffness
around the X axis around the Z axis around the Y axis
30mm 34N /mm 4557.9N /mm 1.94-10” N - mm/rad
50mm 41.1N/mm 4361.1N/mm 1.74 - 107 N - mm/rad
70mm 32.9N/mm 4130.5N /mm 1.60 - 10’ N - mm/rad

Expected trend confirmed by the simulations:
Spot welds number 1

T-joint global stiffness properties 1

Stiffness around the Z axis >> Stiffness around the X axis

Enough stiff to comply with Stiffness high enough to

the standards imposed for ensure the whole frame to

crash events lbehave such as a rigid box
structure
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Thanks for your attention!

For any question send an e-mail to the following contacts:
& Carlo Vittorio Colucci: s329703@studenti.polito.it;
& Alessio Covetti: s329876 @studenti.polito.it;

& Pierpaolo Placida: s323197@studenti.polito.it.
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