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Abstract
Generally, a mechanical product must fulfill particular functions in accordance with the specification provided by the customer. A designer must find a solution with lower cost to answer the functional requirements. After the design stage, come the prototyping of the
parts, but in case of the large structures of automotive and aeronautical parts, this step is impossible because of the large real dimension
as well as the behavior of this type of parts during the positioning and during the assembly of all the mechanism.
The aim of this article is to show the influence of geometrical shape differences in the assembly of flexible components in order to optimize the tolerancing of surface in flexible parts and assembly. first a presentation of the tolerance of deformable mechanisms through the
illustration of the general problem, then we propose a new approach which takes into account shape defects based on the Influence Coeficient Method, after that we compare between a case study without takes into account shape defects and another one but this time taking into account shape defects always based on the Influence Coefficient Method.
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1. Introduction
The tolerancing for rigid parts may be inadequate when parts exhibit a high deformation. Automotive and aerospace industries,
where this type of parts are very common. The high flexibility of
such parts may cause wide shape variations during the assembly
process, which may influence the functional requirements of the
mechanism. Most current articles in tolerance analysis of flexible
assembly try to predict the consequences of the geometrical defects in the parts on the assembly to be avoided during design
stages. Liu and Hu [1] proposed methods for non-rigid sheet metal
assembly are based on linear elastic mechanics based on a model
to analyze the effect of deformation and spring-back using finite
element methods (FEM), they constructed a sensitivity matrix to
establishes the linear relationship between the part variation and
the output assembly variation. Another work for Liu and Hu [2]
they findings constitute a new methodology for the tolerancing of
deformable parts in series and assembly in parallel. Stricher Alain
has two works, his thesis [3] where he proposes strategies for calculating criteria and the calculation cost for the methods of analysis and synthesis of flexible parts tolerances in relation to geometric criteria. To into account, the stiffness variation Stricher proposes in his publication [4] a new approach. Influence Coefficient
Method (MIC) was used in [5] for all the steps of the assembling
process in order to observe the propagation of the deviations.
Dahlström and Lars [6] [7] develop more in the same method
(MIC) and they propose a contact algorithm that will be implemented into the method to perform the result. Hugues Favreliere
[8] chooses to evaluate the assembly accuracy we address the
problem of assembly without games and with games and imposed

efforts. Wooyoung [9] proposes a model that extends the concepts
of the sources of variation and the Influence Coefficient Method
for a compliant mechanical assembly to include the welding distortions. For the same consideration and in the same direction of
performance and improvement tolerance analysis of flexible assembly the Influence Coefficient Method was used in a case of
Non-linear dimensional variation analysis for sheet metal assemblies [10].
The present work proposes the simulation of the deformable (flexible) mechanisms using the Influence Coefficient Method taking
into account the shape defects of each part and its propagation to
the assembly of its parts. The performances of this proposed
method taking into a count shape defects compared with a simulation without using the effect of shape defects in Influence Coefficient Method.

2. Influence Coefficient Method
The Influence Coefficient Method for tolerancing of flexible parts
and assemblies corresponds to a method of disturbance where the
quantities of interest that will be noted αj as the sum of the products of each contributor, denoted δi and of coefficients of influence cij determined by assembly simulations of these parts. The
equation shows this approximation in index and matrix notation.

αj =∑N
i=1 Cij δi

(1)

The Influence Coefficient Method supposed linear Cij characterize the influence that the contributor numbered i on the quantity of
interest numbered j. The matrix [S] is the "sensitivity matrix"; it
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contains all the coefficients of the influence of the contributor on
the quantity of interest.

3. Shape defects
To calculate de shape defects for flexible parts, we collect the
modes (figure 1) of free sheet metallic whose random amplitudes
fallow the distributions laws normal of zero mean and one for
standard deviation. After that, the shape defects are generated by
superimposition of those modes. For example, we have in figure 2,
3 two examples, the first one for parts without shape defects before and after assembly. The second one for Parts with shape defects before and after assembly.

Fig. 1: Uniform shape modes of flat plates

Fig. 2: Parts without shape defects before and after assembly
Fig4: The workflow proposal approach for flexible assembly dimensional
variation analysis

5. Assembly study
Fig. 3: Parts with shape defects before and after assembly

4. Influence Coefficient Method with shape
defects
We introduce a method that integrates the shape deviations of the
parts to perform the assembly. We model the defect of position
and orientation of each part with the representation of the modes
Q1 and Q2. Shape defects are parameterized by the following
modes, from Q3 Qn. These modes are extracted from the natural
modal base of a free-standing sheet metal. These modes are used
by Influence Coefficient Method to calculate the surfaces with
shape defects. Then, to assemble those parts we have to use our
approach which consists in calculates the temporary plan, this
calculation is based on the proposed hypothesis of the first contact
between the surfaces which is always between the biggest displacement and the smallest and the bridge before the small. After
we calculate the temporary plan Position we placed the parts
which are aimed at to join on this plan. Then we calculate the
distance between all the different assembly points, and with the
same hypothesis, we define final plan on which the assembly of
the parts considering shape defect deformable geometries will be
assembled. The summary of the proposed method is presented in
figure 4 below.

For validation of the proposed approach, we did a simulation for
an assembly of two parts. The first simulation with MIC including
shape defect deformable geometries, and the second is a simulation MIC without shape defect deformable geometries. These
simulations intended to perform the prediction of variation of the
behavior of flexible parts and assembly. We present in this section
an assembly realized with the hypothesis that the surfaces of contact have geometric defects and without geometric defects, orientation and shape on the three dimensions. In the first step, we have
two separate parts we apply for each part the source of variation
and boundary condition after this step we joined parts to have the
assembly final.
•
The target: is to analysis flexible parts and assembly
with MIC including shape defect deformable geometries,
MIC without shape defect deformable geometries.
•

Problem: To predict the behavior of flexible parts and
assembly to have a modeling near to the real. That is
why we need to include with shape defect deformable
geometries.

•

Hypothesis
-

The two plates are assumed to have some initial variation.
The two plates are considered with shape defect.
Functional condition: final deformation of the
assembly enters the tolerance zone.
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Fig.5: assembly of two flexible plates

6. Positioning without defect of shape deformable geometries
We model the defect of position and orientation of each part with
the representation of the modes Q1 and Q2.Defects in shape are
parameterized by the following modes, from Q3 Q20 figure 6.
These modes are extracted from the natural modal base of a freestanding sheet metal and boundary condition of each part. The
figure presented shows those modes for our parts. Then we use
MIC to calculate the profile of the surface including shape defect
deformable geometries, the first part is presented in figure 7 and 8
the figure for the second one. After that, we assemble the two
parts (figure 9). The result of each of the surfaces 1 and 2 which
will be noted by the following S1, S2 respectively. Those surfaces
observe in figures 7 and 8 are calculated by Method Influence
Coefficients and the combination of the first 20 modes of the spectrum modal to which it is associated. And the next step is to assemble the parts without defect of shape deformable geometries.
As you noticed on the figure there is a penetration between the
contact surfaces because of the not-considered of the shape defect
during the assembly. For this reason, we will try to simulate an
assembly with a defect of shape deformable geometries for the
second example.

Fig.7: Geometric representation of surface S1 with shape defects

Fig.6: Twenty uniform shape modes of flat plates

Fig.8: Geometric representation of surface S2 with shape defects
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Fig.9: Geometric representation of the assembly of surfaces S1 and S2
without shape defects

7. Positioning with shape defect deformable
geometries

Fig.10: Detection of the three points that build the plane of the assembly

As the first simulation, we are going to the represent the position
and orientation defect with the modes Q1 and Q2, and the defects
in shape are parameterized by the modes, from Q3 Q20. Just as the
first simulation as this simulation the results of the simulation of
the modal spectrum and the geometric representation of the defect
of each surface are shown in Figures 7 and 8. The result of each of
the surfaces S1, S2, and calculated by Influence Coefficient Method and the combination of the first 20 modes of the spectrum. This
time, they are the assemblies with taking into account shape defect
deformable geometries. And for this reason, we have used our
approach which consists in calculates the temporary plan based on
the proposed hypothesis of the first contact between the surfaces
which is always between the biggest displacement and the smallest and the bridge before the small. We placed the parts which are
aimed at to join on the temporary plan. Then we calculate the
distance between the different assembly points and with the same
hypothesis we Detection of the three points that build the plane of
the assembly (figure 10) to define final plan on which the assembly of the parts considering shape defect deformable geometries
figure 11.

Fig.11: Geometric representation of the assembly of surfaces S1 and S2
with shape defects

8. Comparison results and discussion
This comparison shows that when we positioned the parts with
shape defect deformable geometries, the assembly is more comfort
than when we assembled without shape defect deformable geometries because without taking into account shape defect we risk
having pieces penetrates each other. This means that the simulation by Influence Coefficient Method (MIC) with shape defects
allows the detecting of the contact area. And more precisely with
our approach, we can calculate the assembly plan where we must
assemble the plates to have a real assembly and with a great precision.
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9. Conclusion
In this paper, we have presented in the first stage an introduction
of the method that integrates the shape deviations of the parts to
perform the assembly. We model the defect of position and orientation of the part with the natural modal base of a free-standing
sheet metal. These modes are used by Influence Coefficient Method to calculate the surfaces with shape defects. Then we use our
approach to calculate a temporary plan based on the proposed
hypothesis. We placed the parts. After that, we calculate the distance between the different assembly points, and with the same
hypothesis, we define final plan on which the assembly of the
parts considering shape defect deformable geometries. A simple
example of two plates that have been assembled by the new proposed method with shape defect deformable geometries and without defect deformable geometries.
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