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— 3D CAD Design(CATIA), FEM: Catopo, ANSYS, Abaqus
— MBS SAM, Recurdyn, Enventive, 3D Tolerancing VisVSA

— Robust Design optiSLang ' WUPPERTAL
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Overview:
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Parametrik flr Robust Design

Sensitivity study to optimize the
stiffness of automotive hinge systems
(Bachelorthesis)

Randomly deformed bodies
(Masterthesis, Research)
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Because of the collision with the front
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shield a four joint hinge is necessary
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1. Mark the closed and open position
2. Interconnection
3. Perpendicular bisection

4. Result: Necessary is a single
point of rotation

4 Joint Hinge*

*Source Kirchhoff GmbH, Halver

1 Joint Hinge*

; Fachbereich D, Abt. Maschinenbau Univ.-Prof. Dr.-Ing. Peter Gust
' Lehrstuhl Konstruktion Bergische Universitat Wuppertal Tel.: +49.202 439-2046
{1_; \_ (Engineering Design) GauRstraRe 20 Mobil:+49.178 717 0467 4
pt?, D-42119 Wuppertal eMail: peter.gust@uni-wuppertal.de



Requirements for hinge systems
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for hoods and flaps
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Guidance requirements

Safe Keep of the hood from closed to open state

Wind Stiffness

200N Load max. 2mm z-deformation

Side Stiffness

200N max. 7mm y-deformation
and again

,Easy to use”
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EerrimentaI setup to verify
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the modeling and calculation results

Aluminium Foam Sandwich is nearly

® equal to the original hood and is available
in prototype phase for the automotive
supplier!

Fs = 200N
+Friction
(Weight)

Pulley

Weight
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Methodical robust Design
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* Experience
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Motivation
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Analytical Solution
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Coppling between Catia V5, ANSYS

o~ — ”~ I — — ] S, ”~ 0 g -

Workbench and optiSLang
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Definieren der

. | parametrisiertes
Modellparameter CAD Modell

Input Parameter
Auswahl
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. pa&"ﬂemfer:fs » modell erstellen »  Input Set
: — e
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E E Bidirektionale Schnittstelle
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- ¥
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. Post Processing
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Statistical Results

R gRR.E g e g e, ey ® L] e = - § .

Coefficient of Importance (linear v X =
il modal: adjusgd R2 = ( 99 »2. OUTPUT: Total Deformation Maximum vs. INPUT: hoehe DS, (linear) r = -0

‘ gﬁ - .l L] [ I 1 T T T =

INPUT: Force_Y_Component d
10 %

31

INPUT: breite_DS d

I 11 %

0
5 2
@ |
= 2
e INPUT: Youngs_Modulus A
g™ 1o §8
|5 [
& =
= =
— -

29.5

INPUT: Iaercl'ze_DS o
23

29

wn
T: hoehe_DS _ @
42 Y -
3
! H : ; 2k 1 1  *® . @ L e 1 -
20 4o 50 80 0.12 0.14 0.16 0.18 0.2 0.22 0.24
adjusted Col [%] of OUTPUT: Total_Deformation_Maximum OUTPUT: Total_Deformation_Maximum
; Fachbereich D, Abt. Maschinenbau Univ.-Prof. Dr.-Ing. Peter Gust
: Lehrstuhl Konstruktion Bergische Universitat Wuppertal Tel.: +49.202 439-2046
. \_(Engineering Design) GauRstraRe 20 Mobil:+49.178 717 0467 10
kW 1

b D-42119 Wuppertal eMail: peter.gust@uni-wuppertal.de



Pl B ] ] -

Sensitivity Study - Hinge Parameters
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Parameterliste fiir Viergelenkscharnier

viergelenkscharnier CATProduct

(Modell:
Referenz: 911.512.151.01. CATProduct
Datum: 02 Jan 11
\System: CATIA VS R19
Erstelit durch: Christoph Schiuer
Toleranzbereich
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Parametric CAD Model
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e All CAD Data is fully parametric designed

e The CAD Modell must react robust against parametric automatic changes
e The model includes 38 control parameters

* The assembly consists of 60 Parts

Parametric Hinge
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Boundary Conditions and Load: « The bushings in the connecting rods are discretizised with a single solid.
» Between the bushes and the other components is one involving friction
contact condition.
» The buffers are mapped using a spring-replacement model.

Wind Force 200 N in z+
(Normal to the hinge surface)

Measuring Point

Threading Points (left/right) Buffer contact force 30 N (left/right)

(inside the soffit, 000 000)

The gravity of the components is taken into
account in the local z-coordinate system

Latch connection

,100 111
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ca. 320.000 Elements
Hexaeder
Sheet Metal (Hood)
discretized with Shells
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Workflow
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Results: Deformation under 200N wind load
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Tolerance analysis of a four bar hinge
PostProcessing with optiSLang — Correlation coefficient
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Tolerance analysis of a four bar hinge
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PostProcessing with optiSLang — Correlation coefficien
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Conclusion and Outlook ,Hinge Design
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1. Methods Sensitivity Study is a suitable
base for the optimization of sheet metal
mechanism like automotive hinge systems.

2. The mechanism become more and
more complex like hinge systems for
pedestrian safety!

3.  We still have unsolved problems!
— Lifetime safety (durability)
— Uncontrolled opening torques at -40°C

Idea: Influence of the Surface Shape Tolerance
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Randomly Deformed Bodies
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For the reference case is shown below FE analysis is performed to evaluate the influence
of the shape and dimensional tolerances of parts on the stress distribution under load

Load F = 10kN -

Piston Guidance e
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Contact Region incl. friction

Flat plate, fixed bottom side 000 000
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Randomly deformed bodies

Contact surface with randomly deformed shape (inside the given tolerance!)
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Surface Profile Tolerance (SPT) =2mm
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First Result [MPa]
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0,012719 Min
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SPT =0,2mm

[MPa]

1,1e3 Max
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8,5e2
7,3e2
6,1le2
4,8e2
3,602
2,4e2
1,2e2

0,0077 Min
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Conclusion

* The results of the sensitivity study are very useful for the
optimization of the hinge in relation to the wind stiffness

 The influence of surface shape tolerance is significant and will be
further examined at the chair of engineering design

— Calculation of the opening torque, hinge at f(T=-40°C)
— Influence on fatigue calculation
— Influence on slide bearings

— Shrink and Press Fits
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