Mechanics & Industry 17, 605 (2016)
c AFM, EDP Sciences 2016

DOI: 10.1051/meca/2016002
www.mechanics-industry.org

Mechanics
&Industry

FE optimization of the ejection force of a spring-maintained
connector
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Abstract – The connector studied herein is a self-ejecting microconnector that features a circular compression spring. This type of circular connector ensures reliable connections for systems requiring reduced
weight and miniaturization. Being implemented in various military and aerospace applications, the connector is liable to undergo extreme vibratory loadings and shocks; but even in more common applications
(medical sensors, power control systems, communications, etc.) the manufacturer has to guarantee that the
two ends will remain properly assembled to ensure electrical continuity. The main purpose of this work is
to simulate the whole insertion-extraction process using the ﬁnite element method (FEM) and to optimize
the ejection force required to unplug the connector. The shape of the groove machined on the male part of
the connector is investigated, allowing determination of the geometric parameters of interest. Results will
provide manufacturers with useful data, which may also help their customers choose their interconnection
solution.
Key words: Numerical model / spring / microconnector / optimization / industry

1 Introduction
The use of microconnectors to ensure electrical continuity is prevalent in technical objects of everyday life
(computers, automotive, electrical appliances, etc.), but
also in high technology applications, whether military,
medical, aerospace or navigation systems. The need for
reliable connections (i.e retaining electrical interconnection) requires focusing on the design of the parts actually constituting this interconnection. Several designs can
be considered in order to maintain the male and female
parts of a connector attached [1–7]. Our case of interest features a spring that tilts as the male connector is
pushed through, and recovers its initial shape as it faces a
groove machined on the outer surface of the male connector. Thus, relative axial translation is properly blocked
between male and female parts of the microconnector.
For further reference, components will be referred to as
Female-Base, Male-Body, spring, Electric-inserts (Fig. 1).
Geometries of all parts have been simpliﬁed: for the purpose of reducing the computational cost of the FE model,
details having negligible inﬂuence on the extraction mechanism have been removed.
a
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The main concern during the modeling stage was how
to take the stressed state of the spring into account. Indeed, a manual operation is required to place it in the
appropriate housing: using a pair of pliers and industrial
know-how, the technician turns the spring inside out and
then places it inside the housing. In the process, the spring
undergoes an unquantiﬁable stress ﬁeld, which unfortunately cannot be accounted for in the numerical model.
Nevertheless, we present a methodology allowing us to
simulate this stage. The adopted solution lies in pushing
the spring all the way down to its housing.

2 Details about the finite element model
An additional part was created in the form of a ﬁctitious piston used to push the spring into its housing, as
seen in Figure 2. This setup yields a more natural placement of the spring, leading to a more realistic stress state.
The next simulation steps consist in pushing the MaleBody through the spring (insertion stage), and then in
extracting it while measuring the axial reaction force.
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Fig. 1. Self-ejecting microconnector.

Fig. 2. Cut-view with modiﬁed geometry (left), ﬁctitious piston (middle) and spring in place (right).

2.1 Materials and computation steps
The spring is made of an austenitic stainless steel
type 302 (Z11CN18-08) with Young’s modulus E =
187 500 MPa, Poisson’s ratio υ = 0.31, coeﬃcient of friction f = 0.1 and mass density ρ = 7920 kg.m−3 [5–9].
In this modeling, both Female-Base and Male-Body
will be meshed using rigid R3D4 shell elements (boundaries of these parts are supposed undeformable).
Spring mesh is constituted of deformable tetrahedral C3D4 elements. Depending on the reﬁnement of the
spring mesh over several test cases, the total number of
elements in the model ranges from 175 000 to 680 000. Our
purpose was to achieve the best compromise between results accuracy and computational cost.

2.2 About the electric inserts
Electric inserts must be taken into account due to their
signiﬁcant inﬂuence on the value of the extraction force,
as shown by an internal technical report [10]. The microconnector was mounted on a tensile testing machine
without O-spring, and a series of tests allowed plotting
the force-displacement curve displayed in Figure 3.
As seen in Figure 3, an axial force of 30 N is required to
take the electric inserts apart: this load adds up to that
generated by the spring and cannot be neglected when
compared to the extraction force due to the spring alone
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(i.e. 25 N). Numerically, the inserts will be replaced by a
kinematic link named “connector” [11].
The connector is also setup to feature an elastic behavior, as well as a “break” force of 30 N, also derived
from experimental results (i.e. axial stiﬀness of the connector drops to 0 as soon as axial force reaches 30 N),
Figure 4.

2.3 Simulation steps
– Spring placement (Fig. 5).
Spring gets pushed into its housing by the ﬁctitious
piston.
– Second step: Male-Body advance through spring
(Fig. 6).
Experimental results [10] have shown that the translational speed of the Male-Body has negligible eﬀects
on the measured reaction force (during both insertion
and extraction stages). A realistic translational speed
of 5 mm.s−1 was therefore adopted to obtain accurate
placement of each part in the model.
– Third step: Male-Body extraction, measurement of
the ejection force.
During this step, the Male-Body part translates at the
same speed as in the previous step (i.e. 5 mm.s−1 ),
but in the opposite direction. The value of the ejection force is measured on the reference point of the
Female-Base part.
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Fig. 3. Experimental measurement of the electric inserts extraction force.

Fig. 6. Advance of Male-Body through O-spring.

Fig. 4. Kinematic link position between Male-Body and
Female-Base.

Fig. 7. Geometric details of the groove.

Fig. 5. Spring positioning.

Two parameters have been selected in agreement with
the manufacturer of the microconnector: groove depth h
and slope angle α of the outer end of the groove (i.e.
in contact with the O-spring during extraction). Default
values read on supplied schematics are h = 0.15 mm and
α = 45◦ .

3 Optimization of the connector groove

3.2 Variation of slope α with h = 0.15 mm

3.1 Male-Body groove geometry

Using the new set of parameters, the curve displayed
in Figure 8 was plotted.
It appears that the maximal extraction force (87 N) is
reached for α = 90◦ and decreases to 50 N until α = 50◦ ,
before slightly increasing (54 N) at α = 45◦ and ﬁnally
dropping again for α < 30◦ . The increase in the ejection

The geometry of the groove is displayed in Figure 7.
The work depicted in this section aims at evaluating the
inﬂuence of the groove housing the O-spring on the extraction force of the Male-Body part.
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Fig. 10. Ejection force vs. groove depth h.

Fig. 8. Ejection force vs. groove slope angle α.

Fig. 11. Spring placement for h = 0.05 mm (left), 0.15 mm
(middle) and 0.25 mm (right).

Fig. 9. Slope angle α = 50◦ , contact on edge of groove (left);
slope angle α = 35◦ , contact along groove (right).

spring-groove contact zone with increasing values of h: at
some point, contact establishes on the sides of the groove
and not at its bottom (Fig. 11 right). Besides, in that case
the diameter of the spirals (0.178 mm) is greater than h,
thus making spring extraction easier.
3.4 Conclusions on the groove shape

force for 45◦ > α > 30◦ , although small, highlights a
trend which has been observed in all tests.
The explanation could lie in the fact that the contact
zone between spring spirals and the Male-Body varies. Indeed, for α = 50◦ for instance (Fig. 9 left), the O-spring is
in contact with the edge of the groove and although slope
angle is important, it tilts quite easily out of the groove,
requiring a lower extraction eﬀort. When slope angle lies
between 45◦ and 30◦ , spirals are in contact with the MaleBody on a larger surface (see Fig. 9 right), resulting in a
slight increase in the ejection force. If α is set to a value
below 35◦ , slope is insuﬃcient and does not block the
spring: the extraction force decreases.
3.3 Variation of groove depth h with α = 45◦
Another test campaign has been carried out in order to evaluate the consequences of a variation of groove
depth h while keeping slope angle α constant. Results are
displayed in Figure 10.
For low depths (h = 0.05 mm), the extraction force
remains small (below 45 N) but it increases along with
h, reaching its maximum for h = 0.15 mm (initial groove
depth) and then decreases, which at ﬁrst sight may seem
counter-intuitive.
This non-linearity in the force vs. h response is actually easily understandable on analyzing cut-views of the
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In the light of the results, it appears that the initial
geometry of the connector in terms of depth and slope
angle of the groove machined in the Male-Body tends to
maximize the value of the extraction force.
Yet should a variation of this force be required, modifying the slope angle of the groove seems to be a wise
choice, since it has a greater inﬂuence on the amplitude
of the ejection force. Unfortunately, geometric aspects
(spring and spirals diameters) reduce the inﬂuence of the
groove depth. Nevertheless, slope angle α must be set to
a value around 45◦ due to the previously mentioned nonlinearity of the force response.

4 General conclusions and prospects
Intrinsic modeling of the extraction force of a springmaintained self-ejecting microconnector could not be
achieved. Speciﬁcs of the spring placement process and
the associated stress and strain history were unfortunately not supplied by the manufacturer, preventing us
from creating a physically realistic model of the spring
behavior.
Despite missing critical information, a parametric
study on geometric aspects of the groove housing of
the spring has been carried out, highlighting a trend in
the evolution of the ejection force as the slope angle of
the groove changes. It has been shown that modifying

F. Bogard et al.: Mechanics & Industry 17, 605 (2016)

Fig. 12. Preliminary simulation using an elastomeric toroid
part instead of the O-spring: Male-Body insertion (left), toroid
part entering groove (center), toroid part in position (right).

the slope angle has greater inﬂuence on the extraction
force than changing the depth of the groove.
As a workaround for the lack of technical data, the
O-spring may be replaced by an elastomeric toroid part,
the characteristics of which (both geometric and material) being chosen to set the value of the ejection force.
Preliminary numerical results are encouraging (Fig. 12).
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