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Assembly and disassembly mechanics of a spherical snap fit
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The snap fit is a common mechanical mechanism. We have studied the spherical snap fit carefully

for its physical asymmetry which is easy to assemble but difficult to disassemble. Because of the

complexity of spherical structure, it is difficult to get a theoretical formula to describe its physical

asymmetry. In this paper, through the method of combining theory, simulation and experiment,

and based on the theoretical results of cylindrical snap fit obtained in the early stage, the pushing

assembly and pulling disassembly of spherical snap fit are studied, we not only propose the theoretical

formula of spherical snap fit, but also further verify its correctness. This research provides theoretical

support and basis for the optimization design and further research of snap fit.

I. INTRODUCTION

Although we often hear the ”click” sound of the snap
fit in our daily lives, there is very little research on the
scientific mechanism of the snap fit mechanism. The s-
nap fit appears everywhere in our daily lives because it is
simple and reusable [1-13]. Two objects can be directly
connected without welding, bolts, glue, or other means,
and they can be assembled and disassembled repeated-
ly [1, 12, 13]. From receptor ligand interaction [2] in
biochemistry to spacecraft docking [3], as well as zipper-
s, Lego blocks, water pipe clamps, head massager claw
etc., which are common in life, all use the principle of
snap fit. Although the snap fit is not an uncommon, it
uses a basic physical mechanism, mechanical asymmetry
in that it is easy to assemble but difficult to disassemble.

Snap fits are distinguished according to their shapes,
and the common types of snap fits include cantilever s-
nap fit [1, 5], ring snap fit,spherical snap fit, etc. Among
them, the spherical snap fit is widely used in the connec-
tion part because of its bidirectional freedom and difficult
to disassemble snap fit (that is, the mounting force and
disassembly force required by the connection are both
large), as shown in Fig. (1) .

Spherical shapes have bi-directional curvature, and
curvature has a great influence on forces, as shown in
Fig. (2), just one curvature difference can change the
load capacity by 100 times [6]. Therefore, the spherical

snap fit should have greater assembly and disassembly
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FIG. 1: Spherical snap fit

force than the corresponding cylindrical snap fit.
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FIG. 2: The effect of curvature on force [6]

The snap fit assembly and disassembly process from
the physical point of view is the interaction between ge-
ometry, friction and bending elasticity, and the assembly
and disassembly of these two processes is asymmetric,
that is, easy to assemble but difficult to disassemble [7—
11]. The study of snap fits helps to understand the asym-
metry (i.e. easy to assemble but difficult to disassemble)
process, in 2020, Yoshida and Wada [12] cite creative-
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ly study the assembly and disassembly mechanics of the
cylindrical snap fit in detail, and give some basic relation-
s and phase diagrams of pushing assembly and pulling
disassembly problems of the cylindrical snap fit, which
opens a new topic of accurately predicting the mechanis-
m of the snap fit from a scientific point of view. Based on
the research of Yoshida and Wada [12], this paper studies
the reliability of Yoshida and Wada’s approximation and
presents a higher order approximation.

For the spherical snap fit, since its Gauss curvature
is not zero (while the Gauss curvature of the cylindrical
snap fit is zero), it can be predicted that the assembly and
disassembly force of the spherical snap fit should be larger
than that of the cylindrical snap fit. However, there is
no relevant research on the quantitative prediction of the
assembly and disassembly force of the spherical snap fit.
This question is the research purpose of this paper.

Specifically, we first introduced the assembly and dis-
assembly mechanism of spherical snap fit, then deduced
its theoretical model, obtained the theoretical formula of
spherical snap fit with friction; Finite element simulation
is carried out on pushing assembly and pulling disassem-
bly process of two types of snap fits, and then we use 3D
printer microcomputer control electronic universal test-
ing machine (E43.1044) for experimental verification. In
order to have a deeper understanding of physics, we car-
ry out experimental analysis and comparison, and finally

give a conclusion.

II. ASSEMBLY AND DISASSEMBLY
MECHANISM AND FINITE ELEMENT
SIMULATION OF SINGLE-JAW SPHERICAL
SNAP FIT

As shown in Figs. (3), we consider hyperbolic semi-
cylindrical shell with radius of Ry, thickness of ¢, length
of L, and opening angle of ®. It is pushed onto the surface
of a rigid sphere with a radius R. to form a single-jaw
spherical snap fit.

According to the radius ratio «, opening angle ¢, and
material parameters (friction coefficient p = 0.21) of the
snap fit in Yoshida and wada[12], we calculated the single
jaw spherical snap fit model with 10 different opening
angles by using the finite element software ABAQUS, as
shown in Table I. The finite element model is shown in
Fig. 4.
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FIG. 3: Single-jaw spherical snap fit

TABLE I: Parameters of single jaw spherical snap fit

Radius ratio Length Thickness Opening angle

el L(mm) t(mm) P(rad)
1.14 8 0.3 1.9
1.14 8 0.3 2.0
1.14 8 0.3 2.1
1.14 8 0.3 2.2
1.14 8 0.3 2.3
1.14 8 0.3 2.4
1.14 8 0.3 2.5
1.14 8 0.3 2.6
1.14 8 0.3 2.7
1.14 8 0.3 2.8
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FIG. 4: Finite element model

The simulation process was divided into two steps: as-
sembly and disassembly. During the assembly process,
the shell moved down at a speed of 5 mm/s until the
After
1 s, the housing moved up at the same speed of 5 mm/s

top of the shell touched the spheroidal surface.

(disassembly process).

Due to the interaction of the initial opening angle ¢,
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radius ratio « and friction coefficient p of the snap fit,
it can be seen from the finite element simulation results
that the snap fit with different parameters corresponds
to different physical phenomena, namely sliding installa-
tion and jumping installation [16]. Accordingly, we can
still divide the spherical snap fit into two types: Type
I snap-fit (small deflection) and Type II snap-fit (large
deflection). The assembly process of the two types of

single-jaw spherical snaps is shown in Fig. 5 and Fig.6.
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FIG. 5: Type I snap-fit
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FIG. 6: Type II snap-fit

In order to study the mechanical asymmetry of spher-
ical buckle in a more detailed way, we take the opening
Angle of Type I snap-fit & = 2.3 rad and the opening
Angle of Type II snap-fit & = 2.7 rad as examples. The
measured force F is displayed in units of R?/B and draw

a forcing-displacement diagram, as shown in Fig. 7.
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FIG. 7: Finite element simulation diagram of snap fit assem-
bly and disassembly: (a) Type I snap-fit and (b) Type II
snap-fit.

d0i:10.20944/preprints202207.0215.v1

It can be seen that the finite element simulation dia-
gram of single jaw spherical snap fit is exactly the same
as that of cylindrical snap fit. It is further proved that
the results of previous research on the cylindrical snap

fit are correct, and the results are specific and universal.

IIT. MECHANICAL FITTING THEORY OF
ASSEMBLY AND DISASSEMBLY OF
SINGLE-JAW SPHERICAL SNAP FIT

In order to further study the spherical snap fit, based
on our previous research on the cylindrical snap fit, the
finite element method is used to compare and simulate
the single-jaw spherical snap fit and the cylindrical snap
fit. When the single arm length of the snap fit is b, the
difference between the spherical snap fit and the cylindri-
cal snap fit is that the spherical snap fit is affected by the
section curvature. According to the above mentioned pa-
rameters of single-jaw spherical snap fit, the correspond-

ing cylindrical snap fit is established, as shown in Fig.

(8)-

Shell Shell

Cylinder Sphere

FIG. 8: Comparison of cylindrical and single jaw spherical

snap fits

We compare the assembly force and disassembly force
of Type I single-jaw spherical snap fit and Type I cylin-
drical snap fit by finite element method. The measured
force F is displayed in units R?/B. As shown in Fig. (9).

It is obvious that the assembling force F4 and dis-

assembling force Fp of single-jaw spherical snap fit are
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FIG. 9: Comparison diagram of FEM

obviously higher than that of cylindrical snap fit, which
is related to the influence of curvature, but the curve
trend is basically the same. Therefore, under the con-
dition of small deformation (Type I snap-fit), 2.0 rad <
® < 2.6 rad, we fit the scatter diagrams of assembly
force-opening angle and disassembly force-opening an-
gle, as shown in Fig.(IIT) and (11), the fitting formula
is obtained.

The fitting expression of assembly force of single-jaw

spherical snap fit is

FuR?
B

~ CfA (1)

where C'is a constant and the assembly force ratio of the
cylindrical snap fit is
. 3/2
sin ®
fa = 2k (@) [1- (225
seeing appendix for some symbols in the formula.
The fitting expression of disassembly force of single-jaw

spherical snap fit is

FpR?
B

=Cfp 3)

where the disassembly force ratio of the cylindrical snap
fit is

Io = 20K, (%) sin(®/a) — a~!sin®
v K

@) /Koy L (@) —g(@/a, ) Y

and see appendix for some symbols in the formula.
By data fitting, the correction coeflicient is determined
Since the coefficient C'

should be greater than 1, it indicates that the spherical

approximately as C' = 2.95.
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snap fit has a greater bearing capacity than the cylin-

drical snap fit [12, 13], confirming our prediction in the

preface. Eq. (1), (3)is similar to the formula obtained
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FIG. 10: Relationship between assembly force and opening
angle of Type I single jaw spherical snap fit
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FIG. 11: Relationship between disassembly force and opening
Angle of Type I single jaw spherical snap fit

by the study of the cylindrical snap fit, the only differ-
ence is that the preceding coefficient C is different. This
shows that shape does not affect the physical law of me-
chanical asymmetry of snap fit, which further verifies the

correctness of Yoshida and Wada’s conclusion.

IV. ASSEMBLY AND DISASSEMBLY
MECHANISM OF MULTI-JAW SPHERICAL
SNAP FIT

There are many kinds of spherical snap fits, and the
simplest classification is distinguished by the number of

claws, as shown in Fig. (12), which are spherical snap
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fits with two pairs, three pairs and four pairs of claws

respectively.

FIG. 12: multi-jaw spherical snap fit

Taking the spherical snap fit with two pairs of claws as
an example, we use finite element method to study the
assembly and disassembly mechanism of multi-jaw spher-
ical snap fit, as shown in Fig. (13). We take the opening
angle of Type I snap-fit ¢ = 2.3 rad and Type II snap-
fit ¢ = 2.7 rad as examples, and the simulation process
is the same as above. Due to the different initial open-
ing angle, the snap fit corresponds to different physical
phenomena, namely sliding installation and jumping in-
stallation. Accordingly, we can still divide the multi-jaw
spherical snap fit into two types: Type I snap-fit (small
deflection) and Type II snap-fit (large deflection). The
assembly process of the two types of multi-jaw spherical
snaps is shown in Fig. (14) and(15).

The measured force F' is displayed in units of R?/B and
draw a forcing-displacement diagram, as shown in Fig.
(16).We can clearly see that the finite element simulation
results of the multi-jaw spherical snap fit are completely
consistent with the finite element curve of the cylindrical
snap fit.

Therefore, we can draw a conclusion that the physi-
cal law of the assembly and disassembly process of the
multi-jaw spherical snap fit is consistent with that of the
cylindrical snap fit, and its assembly force and disassem-

bly force can be obtained by changing the parameter C'

d0i:10.20944/preprints202207.0215.v1
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FIG. 13: Finite element model
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FIG. 14: Type I snap-fit
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FIG. 15: Type II snap-fit

in front of Eq.1 and Eq.3 according to the number of
claws. Unfortunately, we find that the force of single jaw
spherical snap fit and multi-jaw spherical snap fit is not a
simple multiple relationship, which may be related to the
hyperbolic rate of spherical snap fit, which needs further
study.

V. ASSEMBLY AND DISASSEMBLY
EXPERIMENT OF SNAP FIT

In order to further prove the correctness of the finite
element model of the spherical snap fit established by us,
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FIG. 16: Finite element simulation diagram of snap fit as-
sembly and disassembly: (a) Type I snap-fit and (b) Type II
snap-fit.

we have made a numerical comparison between simula-
tion and experiment

The experimental model is obtained by 3D printer, and
the relevant parameters of the model: Rg; = 26.3mm,
R. = 30mm, o = R./Rs; = 1.14, t = 1mm, b = 8mm,
® = 2.2 rad. After the model is made, use the micro-
computer controlled electronic universal testing machine
(E43.1044) to carry out the assembly experiment of Type
I snap-fit, as shown in Fig. (??) (see the supplemen-
tary materials for the experimental video and simulation

video).

FIG. 17: Experimental set up

We established the finite element model according to
the above model parameters, and drew the comparison
diagram between the simulation data of the model and
the experimental data, as shown in Fig. (18). According
to Fig. (18), we can intuitively see that the two curves
are basically consistent, and the error does not exclude
factors such as friction (the friction coefficient is taken

from the friction experiment) . This further proves the

d0i:10.20944/preprints202207.0215.v1

correctness of our finite element simulation.
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FIG. 18: Simulation data were compared with experimental
data

VI. CONCLUSIONS AND OPINIONS

In this paper, firstly, the assembly and disassembly
mechanism of the spherical snap fit are introduced, then
the theoretical model of the spherical snap fit is deduced
based on the previous research on the cylindrical snap
fit, and the theoretical formula of the spherical snap fit
under friction is obtained. Then the finite element sim-
ulation and experimental verification are carried out on
the process of pushing assembly and pulling disassembly
of two types of snap fits. The specific research conclu-
sions are as follows: 1. The finite element simulation of
single-jaw spherical snap fit is completely consistent with
the finite element curve variation of cylindrical snap fit,
indicating that the spherical snap fit still conforms to the
mechanical asymmetry law of easy to assemble but diffi-
cult to disassemble; 2. The scatter diagram obtained by
fitting the results of finite element simulation shows that
the theoretical formula of spherical snap fit is similar to
that of cylindrical snap fit, the only difference is that the
value of coefficient C' is different. This shows that shape
does not affect the physical scaling law of the mechanical
asymmetry of the snap fit. 3. The experimental results of
mounting and disassembling of single-jaw spherical snap
fit show that the snap fit force curves obtained by simu-

lation are basically consistent with those obtained by ex-
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periment, which verifies the correctness of finite element
simulation and theoretical formula. 4. The multi-jaw
spherical snap fit obtained by finite element simulation
of single-jaw spherical snap fit still conforms to the law
of mechanical asymmetry, but the snap fit force between
multi-jaw spherical snap fit and single-jaw spherical s-
nap fit is not a simple multiple relationship due to the
influence of curvature and other factors, which requires
to be further studied. This is another detailed study of s-
nap fit mechanics in the context of thin structure physics
[12, 13], which helps to accurately predict the assembly
and disassembly forces of spherical snap fits.
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Appendix

We consider a semi-cylindrical shell with radius of R,
thickness of ¢, length of L, and opening angle of ®. It is
pushed onto the surface of a rigid cylinder with a radius
R, to form a simple cylindrical snap fit [12, 13], as shown
in Fig. 19.
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According to the interactions between the topology,
bending elasticity, and friction that are characterized by
the initial opening angle ®, mismatch ratio « = R./Rs,
elasticity modulus FE, and friction coefficient u, the as-
sembly process of the snap fit can be varied, correspond-
ing to different physical phenomena.

From Yoshida and Wada [12, 13], we have the elastic
coefficients is defined as

K, (@) = [‘i - (g sin ® — ® cos D) cos‘l)} ) , (D)

FIG. 19: Schematic diagram of cylindrical snap fit

and
Ky1 (@) = [% +(1—®sind — 3COs(I)) wosa 1 (6)
9o, p) = %, (7)
S(a, @, p) = KIE?;[(a—l sisi?l/g] | .
@ — 955 n)
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