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DESCRIPTION 
Dynamic modeling of compliant joints in a rigid-flexible coupling 
two-dimensional (2D) positioning stage is crucial for enhancing the 
precision and performance of advanced mechanical systems used 
in various applications such as robotics, precision engineering, and 
aerospace. Compliant joints, which are designed to flex and adapt 
to forces, offer significant advantages in terms of flexibility, shock 
absorption, and the ability to handle misalignments. However, 
their inclusion in rigid-flexible coupling systems introduces com-
plex dynamics that must be accurately modeled to ensure optimal 
performance. The dynamic modeling of compliant joints involves 
capturing the interactions between rigid and flexible components 
within the 2D positioning stage. This process requires a detailed 
understanding of how the compliant joints behave under differ-
ent loads and movements, as well as how these behaviors impact 
the overall system dynamics. To achieve this, engineers and re-
searchers use a combination of analytical methods, computational 
simulations, and experimental data. In a rigid-flexible coupling 2D 
positioning stage, the rigid components are typically designed to 
provide structural support and precise movement control, while 
the flexible components, including the compliant joints, are in-
tended to absorb mechanical stresses and allow for slight adjust-
ments in alignment. The challenge lies in accurately representing 
the dynamic response of the compliant joints, which can exhibit 
nonlinear and time-varying behaviors. To model these dynamics, 
researchers employ various approaches. One common method is 
to use Finite Element Analysis (FEA) to simulate the behavior of 
the compliant joints under different loading conditions. FEA allows 
for the detailed examination of how forces and displacements 
affect the flexible elements and their interactions with the rigid 
components. This approach provides valuable insights into the de-
formation patterns and stress distributions within the compliant 
joints, which are critical for predicting their performance in the 
positioning stage. Another important aspect of dynamic model-

ing is the integration of compliance characteristics into the overall 
system model. This involves developing mathematical models that 
capture the mechanical properties of the compliant joints, such 
as stiffness, damping, and hysteresis. These models are often in-
corporated into system dynamics simulations to assess how the 
compliant joints influence the movement and positioning accuracy 
of the stage. In addition to computational methods, experimen-
tal validation is essential for ensuring the accuracy of the dynamic 
models. Researchers often conduct tests using prototype stages 
equipped with compliant joints to gather real-world data on their 
performance. This data is then used to refine the computation-
al models and verify their predictions. Experimental validation 
helps in identifying discrepancies between theoretical models 
and actual behavior, leading to improved model accuracy and sys-
tem performance. The benefits of accurate dynamic modeling of 
compliant joints in rigid-flexible coupling systems are significant. 
By understanding how the compliant joints affect the overall sys-
tem dynamics, engineers can design more efficient and reliable 2D 
positioning stages. This leads to improvements in precision, sta-
bility, and durability of the positioning systems, which are critical 
for applications requiring high levels of accuracy and performance. 
Moreover, the insights gained from dynamic modeling can inform 
the design of new compliant joint configurations and materials, 
leading to further advancements in mechanical systems. For in-
stance, optimizing the compliance properties of the joints can en-
hance their ability to absorb shocks and vibrations, improving the 
overall robustness of the positioning stage.
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