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(a) The semi-rigid connection diagram between

the spring plate and the hollow shaft™
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Fig.1 Simplified model diagram
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Fig. 2 Simulation model and constraints

of socket spring plate
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Table 1 Table of the relationship between force

and deformation of socket
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Table 2 Table of relationship between C value

and structural parameters

F(N) y(mm) F(N) y(mm)
0.5 0.0076443 5.9 0.0840373
1.0 0.015338 6.0 0.0918316
1.5 0.0230129 6.5 0.0990026
2.0 0.0297772 7.0 0.106720
2.5 0.0380715 7.5 0.114315
3.0 0.0453658 8.0 0.122109
3.5 0.0531601 8.5 0.1290803
4.0 0.0610544 9.0 0.137397
4.5 0.0685487 9.5 0.145592
5.0 0.0764430 10 0.153386
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Fig. 3 Deflection y versus external force F
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Fig. 4 Force analysis diagram of the insertion

transition phase
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Fig.5 Force analysis diagram of the extration

transition phase
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Fig. 6 Electrical connector physical and model diagram
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Table 4 Model material parameter information
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Fig. 7 Local refinement diagram of finite element

model mesh
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Fig. 8 Insertion &. extraction force versus depth
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Fig. 9 Stress/strain versus time
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Fig. 10 Fully automatic insertion and extraction force tester
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Fig. 11 Comparison of theoretical, simulation and

experimental results for insertion phase
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Table 5 Low-Threshold insertion/extraction force: socket

parameter design range data table

e WRKE WAERE O ME HEE R%E
i (mm) (mm) (ND (ND %)
1 0.8 0.07 0. 409 — —
2 0.9 0.08 0.402 — —
3 1 0.0905 0.409 0.405 1

4 1.1 0.092 0.423

5 1.2 0.12 0.401 0. 45 12.5
6 1.3 0.125 0.418 0. 381 8.9
7 1.4 0.139 0.421 0.37 12.1
8 1.5 0.162 0.434 — —

9 1.6 0. 165 0.417 — —

10 1.7 0.17 0. 44 — —

11 1.8 0.18 0. 447 — —

12 1.9 0. 185 0. 404 0. 444 10

13 2 0.2 0. 442 0. 457 3.4
14 2.1 0.21 0. 445

15 2.2 0.22 0.432 — —

16 2.3 0.24 0.425 — —

17 2.4 0.25 0.418

18 2.5 0. 26 0. 442 0.456 3.2
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Table 6 High-Threshold insertion/extraction force; socket
parameter design range data table
LOMAKE FAEE ELEMH (iHEfE =
H (mm) (mm) (ND (N %)
19 0.8 0.103 1. 467 1.506 2.6
20 0.9 0.115 1.423 — —
21 1 0.13 1.404 1. 325 5.6
22 1.1 0.139 1.492 — —
23 1.2 0. 145 1. 449 — —
24 1.3 0.16 1.474 — —
25 1.4 0.175 1. 496 — —
26 1.5 0. 185 1.432 — —
27 1.6 0.195 1.439 1. 468 2
28 1.7 0.21 1. 442 1. 481 2.7
29 1.8 0.225 1. 465 — —
30 1.9 0. 24 1.481 — —
31 2 0.25 1. 441 — —
32 2.1 0. 265 1.476 — —
33 2.2 0. 28 1.494 1.479 1
34 2.3 0.29 1. 443 1.44 0.2
35 2.4 0.295 1.455 — —
36 2.5 0.31 1. 488 — —
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Fig. 12 Two-dimensional schematic diagram of the quali-
fied design range of electrical connector socket

structure size
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Numerical Analysis and Precise Control of Insertion and Extraction

Forces in Contact Components of Electrical Connectors
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Abstract Electrical connectors are critical components in electronic systems, enabling the conduction
of electrical current and the transmission of signals. They are extensively used in various fields such as aer-
ospace, telecommunications, computing, and the automotive industry. The reliability and stability of an
entire system often depend on the performance of these connectors. Any failure may not only disrupt nor-
mal device operation but also result in severe equipment damage. Among known failure mechanisms, con-
tact failure caused by inadequate insertion and extraction force accounts for a significant proportion. To ad-
dress this issue, a general analytical formula for calculating insertion and extraction force was derived
based on a cantilever beam model. This model was used to analyze the mechanical behavior and force varia-
tion during the insertion and extraction of the pin and socket components. A comprehensive understanding
of the force distribution during these processes was established through this approach. Subsequently, a fi-
nite element model was developed for a specific type of electrical connector’s contact components. Simula-
tion analyses were conducted to examine how the insertion and extraction force changes with displacement.
These simulation results were then validated through controlled experimental tests. The findings indicate
that the relative error between the theoretical predictions, simulation outputs, and experimental measure-
ments remains below 8%. The strong agreement among these methods confirms the accuracy and applica-
bility of the developed models. To fulfill practical engineering requirements and avoid excessive mechanical
stress, the validated theoretical model was further applied to optimize the design parameters of the connec-
tor’s contact springs, with a particular focus on their length and thickness. A qualified design range was i-
dentified, effectively distinguishing safe and failure regions. This provides clear engineering boundaries for
failure-resistant design and enhanced service life. Additionally, the outcomes offer valuable guidance for
the structural optimization of contact components in electrical connectors, supporting enhanced perform-
ance, stability, and durability in demanding applications.

Key words electrical connector, insertion and extraction force, theoretical model, finite element sim-

ulation, structural design





