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Abstract Rigid robotic arms have been widely used in risky or single, repetitive work situations due to
their high work accuracy and repeatability, and strong load bearing capacity. However, the structure and
operation of rigid robotic arms are not flexible enough to be applied to some production scenarios such as
unstructured, non-standard, and confined spaces. In recent years, flexible robotic arms have attracted
widespread attention due to their structural pliability, extensive operational space, and safety of human-
machine interaction, with promising applications in the fields of medical, service, and intelligent manu-
facturing. However, the soft structure and free movement of flexible robotic arms mean that their flex-
ural effects cannot be ignored during operations, posing significant challenges for high-precision control.
One of the core scientific problems in the control of flexible robotic arms is the establishment of high-
precision dynamic models that incorporate structural flexibility features and dynamic characteristics. To
this end, this paper reviews the research on the kinematic modeling and dynamic modeling of flexible ro-

botic arms. As a foundation for dynamic modeling, this paper firstly summarizes the kinematic modeling
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methods of flexible robotic arms, mainly introducing the curvature method, Pseudo-Rigid Body (PRB)
kinematics, kinematic modeling based on Cosserat rods, structural geometry analysis, Denavit-Harten-
berg (D-H) method and coordinate method, and data-driven and machine learning approaches. Subse-
quently, the paper provides a detailed overview of dynamic modeling methods for flexible robotic arms,
primarily including the lumped parameter system method, assumed modes method, and finite element
method. Finally, this paper outlines the main content of flexible robotic arm dynamics research and of-

fers prospects for future studies.

Key words flexible robotic arm, robot kinematics, robot dynamics, dynamic model, multibody
dynamics
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(a) Length-distributed lumped mass model [°8) ,

(b) Block parametric modeling of prototype conduits (617,

(¢) Parametric modeling of flexible fishing rod blocks [5]
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