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ABSTRACT

This paper's scope is to develop an intelligible Finite Element Analysis (FEA) method, utilized to determine
and quantify the assembly forces required to assemble the snap-fit component, which is made of a glass
fiber reinforced polyamide (type 6, 60% glass fiber, PA6 GF50), as well as to determine the snap-fit joint
maximum retention forces. The proposed FEA method is to be used in Abaqus as a standard solver type,
considering its operation ease and simplicity in creating the model. The setback of implementing the
standard solver approach is that during the snap-fit assembly, at a certain point in the simulation, the
behavior is transformed from a static movement to a dynamic one, precisely when the snap moves
backward in the assembled position, at this point, due to the dynamic behavior of the simulation, the
solution will continue to diverge, and the convergence is not achieved.
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I.  INTRODUCTION

The automotive industry is in a continuous development
regarding the reduction of the cost [1], the component weight
[2], the time spent on the production line, and the complexity
of the assembled components, leading to a decrease in the
exhaust emissions of internal combustion engine cars [3]. To
achieve this, car manufacturers and the automotive suppliers of
the components played a crucial role. Additionally, the quantity
of the metal and metal alloys [4] used was reduced and
replaced with innovative plastics, [5] such as polyamides
reinforced with glass fiber. Finally, instead of assembling the
components via screws to the snap-fit clips, components made
of reinforced glass fiber polyamides were developed. The snap-
fit [6] clip assembly process offers the possibility of
streamlining the industrial assembly procedures in which the
automotive industry is heavily involved. The reason is that the
former method has several advantages, namely assembly or
disassembly speed, and construction simplicity, due to which
automation can be quickly and easily realized [7]. As far as
snap-fit assemblies are concerned, the more recent literature
does not offer an extensive range of different outlooks on them.
However, an important part of the researchers' concerns is
related to resolving some dimensional limitations of parts made

by engaging Additive Manufacturing (AM) technology as well
as settling design issues. In the case of making parts larger than
the workspace of 3D printers, researchers propose a solution
whereby that part is divided into smaller ones and accumulated
by these types of cheap and fast assemblies [8-10]. Also, in the
context of quick-release assemblies in AM, authors in [11]
conducted an experimental study on the determination of the
required mating/dismounting force as a function of several
predefined parameters. The experimental data were processed
and compared with an analytical model expressed by a derived
equation. Another perspective pinpointed in the literature is
related to the identification of efficient robotic assembly
methods using snap-fit elements. Unlike an assembly
performed by a human operator, who validates it following an
acoustic signal produced when the two parts have been
collected, this is a challenge in robotic assembly. To meet this
challenge, authors in [12] proposed a machine-learning method
based on data obtained from force variation during the
assembly process. Authors in [13] investigated the aspects of
preload and stiffness factors as a technique of determining a
complete and correct collection of snap-fit assemblies with
seals or elastic gaskets where pre-tensioning is required. An
even higher holding force and a higher engagement signal were
found to lead to an increase in assembly confidence.
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II. MATERIAL SELECTION

To be able to develop a simulation method that will provide
results as close to reality as possible/credible results, a need for
a good material definition has emerged. The input data for the
material are chosen from [14]. Moreover, the same type of
polyamide as the real component with the same amount of
reinforcement material, in this case glass fiber, is selected. The
material curve chosen from CAMPUS is shown in Figure 1.
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Fig. 1. Raw data input for the material definition in Abaqus.

The stress—strain curve out of campus is evaluated as
engineering stress—strain. To be used in the FEA [15, 16], it is
required to be transformed into true form [17]. For this reason,
the equations shown below are performed to obtain the input
data for the FEA analysis.
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where F is the tensile force, s is the instantaneous section area,
so 1s the initial section area, [ is the instantaneous length of the
specimen, and /) is the initial length of the specimen.

The final material curve [18] that will be used in the FEA is
illustrated in Figure 2.
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Fig. 2. True stress—strain curve for PA6 GF60.

III. SIMULATION METHOD

The simulation software utilized for determining the
assembly forces as well as the maximum retention [19] force is
Abaqus [20]. The simulation is formed employing two
components: the snap-fit, as a deformable component and the
body used as an analytical rigid component [21]. Nevertheless,
in real life, the most substantial deformations occur only on the
snap and no significant ones take place on the counterpart,
while material data are considered for a non-linear simulation
[22]. In Figure 3, the assembly is demonstrated. For a better
solution convergence, the parts are arranged in direct contact
[23], while no gap is preferred. The simulation is divided into 3
steps, shown in Figure 4. Regarding the boundary conditions,
the snap is considered fixed in the bottom side whereas the
body is free to move along the vertical axes. This is shown in
Figure 5.

4 x

Fig. 3. 3D models of components prepared for the FEA: (a) Snap, (b)
body.

5 Step Manager X

Name Procedure Nigeom Time

v (Initial)

v mount Static, General ON 1

v step_back Static, General ON 1

' unmount Static, General ON 1

Fig. 4. Simulation steps.

“: :E Z*:AE‘ — ;:’* O

Fixed Free Axial Degree of Freedom

Fig. 5. Boundary conditions.

The main challenge for this type of simulation is to allow
the snap to spring back into the assembled position while still
using the Abaqus standard solver, while the resultant of the
forces should be 0 throughout the steps. During the spring back
into the final state moment, there is an instant force drop. So,
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the solution goes from static to dynamic and the equilibrium
equation of the standard solver will start to diverge. One quick
solution is to use the Abaqus Explicit [24] solver, but in this
case, the approach is not to be followed due to the simulation
complexity. To prevent this, the total snap travel, up to the
point where it is fixed to the the axial travel end, is split in half:
in the first half the snap is radially deformed until the middle of
the body height. In this way, it is ensured that the maximum
assembly force is reached, considering the surface quality of
the reinforced plastic components, that the resulting friction
between the parts is low, and that the given force can be
neglected. The second half, however, is formed when the
contact between the snap and body is removed while keeping
the displacement imposed. By removing the contact, the
resulting force of the complete movement is 0. A detailed view
of how this interaction is composed is demonstrated in Figure
6. In the final step, the direction of the body displacement is
reversed in order to quantify the maximum retaining force of
the snap. In this step, the contact between the body and the
lower flat surface of the snap is defined, as spotted in Figure 7.

& Interaction Manager

Name Initial mount step_back unmount
v/ body-snap-assembly Pvcpagated Deactivated

v/ body-snap-disassembly Created

Fig. 6.
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Axial movement
in negative Z direction for
Mounting and Snap back step

Simulation interacion based on simulation steps.

Axial movement
in positive Z direction for
Dismantling step

Fixed for the complete FEA

Fig. 7. Displacement boundary condition formulation.

IV. TEST METHOD

The test entails using a snap-fit of an automotive
component onto the chassis, as it is observed in Figure 8.
Considering that the chassis is too big to fit onto a small test
rig, a similar fixture is built while retaining the geometry
conditions close to reality, as shown in the test setup in Figure
9. The test is conducted using an Instron 5544 in displacement,
which is controlled by employing an imposed displacement of
10 mm/min. The body is moved downwards until the snap is
fully seated (the force drops to O N). For the maximum
retention force, the body is moved upwards until the snap is not
assembled, it is either sheared or slips out of the assembly.

V. SIMULATION - TEST COMPARISON

Based on the simulation, two forces are calculated by
plotting the field output, the reaction force and displacement of
the body reference point. For the first two steps, the output is
the maximum assembly force of the snap. A direct comparison
between simulation and test is presented in Figure 10.

Fig. 8. Test component — snap fixture.

Fig. 9.

Test Setup, (e) snap, (f) body.
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Fig. 10. Maximum assembly force. Green: test, red: simulation.

For the third step, the output is directly correlated with the
results derived from the test. The displacement where the snap
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shearing occurs in the test is considered to be the critical part of

the simulation point, when evaluating the maximum retention e A
force of the snap-fit and is identified in Figure 11. The critical 280.0
. 120.0
stress value from the FEA is compared and evaluated for the 110.0
maximum radial displacement and the simulation results are ggg
shown in Figure 12. Zgg
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Fig. 11.  Maximum retention force. Green: test, red: simulation. (Avg: 75%)
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Fig. 14.  Critical stress level for dismantling step.

Fig. 12.  Critical assembly stress value.

The critical stress value is evaluated for the limit where the
material slope goes horizontal and thus the material starts to
stretch. The stress in the corner of Figure 13, namely those
above the imposed limit, are compressive stresses, and in this
specific case, are not considered dangerous while evaluating
the snap during the mounting step. For the dismantling step, a
direct comparison of the snap stresses is made at the point
where the shear of the snap occurs in reality. The results of the
disassembly phase simulation in Abaqus can be seen in Figure
14. For the assessment of real situations [25], Figure 15 depicts
the failure mode comparison in the test (a) and provides a (@

S 5 . ; (b)
detailed view of the critical area from the simulation (b). Fig. 15.  (a) Failure mode in test, (b) detailed view in the simulation.
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VI. CONCLUSION AND FUTURE DEVELOPMENT

In the present work, the behavior of snap-fit assemblies was
analyzed through numerical methods using numerical
simulation tools. This analysis was carried out in order to reach
a better understanding of the dynamic behavior of snap-fit
assemblies, which is in line with the current concerns of the
scientific community. Through the performed numerical
simulations and the introduction of an intermediate step during
the assembly simulation, after reaching the maximum radial
displacement of the snap (maximum assembly force), the
contact between the snap and the counterpart (the body) helps
keeping the Abaqus standard as a solver. At the same time, this
contact increases confidence for future results while the
assembly force can be quantified. If needed, the parts can be
optimized so that the assembly force is eliminated, reducing the
cost and time invested into the assembly tools.

Future developments are required to establish a better
evaluation of the critical point in the simulation when we can
predict the snap out or the shearing of the plastic snaps. The
next steps to follow concern the acquisition of ISO527 [26]
tensile dog bone [27] samples, with fiber orientation distributed
either along the tensile direction or perpendicularly to it, ideally
built from the same supplier of the real component.
Furthermore, stress estimation is expected to be obtained. The
latter refers to strain data derived by applying a tensile test on
them. With the resulting stress—strain data, the same method of
obtaining the true form [17], employed in the FEA, can be
used. In addition, a critical failure point can be chosen based on
the tensile results. In this case, the test data are not necessary to
establish the critical point.
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