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DESIGN AND DYNAMIC CHARACTERISTIC ANALYSIS
OF QUASI-ZERO STIFFNESS VIBRATION ISOLATION

DEVICE FOR ROBOT GRINDING AND POLISHING

ABSTRACT

Elastic components such as elastic supports and elastic dampers are widely used
in fields such as aerospace, rail transit, and wind power equipment. Grinding and
polishing processing is a key procedure in the manufacturing process of some elastic
components, playing an irreplaceable role in crucial aspects such as improving the
surface quality of the components and ensuring the machining accuracy. Some elastic
components with low-stiffness characteristics are extremely prone to induce elastic
vibrations during the grinding and polishing operations due to their own low-stiffness
features. To address the issue of suppressing end vibration during robot-assisted
grinding and polishing of the elastic components, this paper devises a novel quasi-zero
stiffness vibration isolation device (QZSVID). It also conducts in-depth research on
static analysis, dynamic analysis, transmissibility characteristic analysis, and
experimental verification of the device.

(1) The QZSVID of robot grinding and polishing is designed. By constructing an
experimental system for robot grinding and polishing elastic components, the vibration
characteristics of the system during the grinding and polishing process are analyzed.
Based on the principle of quasi-zero stiffness and the requirement of internal force
balance in the non-load direction of the device, the QZSVID is designed. The static
model of the QZSVID is constructed based on the static equilibrium relationship. The
structural parameter relationship for the QZSVID to exhibit quasi-zero stiffness
characteristics at the equilibrium position is derived and determined. Moreover, on the

basis of the optimization objective that maximizing the quasi-zero stiffness range near
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the equilibrium position of the QZSVID, the parameters of the QZSVID are optimized
and the specific structural parameters are determined. An actual prototype of the
QZSVID is developed.

(2) Dynamic modeling and analysis of the QZSVID for robot grinding and
polishing are carried out. The expression of the dimensionless restored force-
displacement relationship of the QZSVID has implicit function characteristics, which
is not conducive to subsequent theoretical analysis. Then the Taylor expansion and
MATLAB fitting toolbox are used to fit the direct relationship between the
dimensionless restoring force and the dimensionless displacement of the QZSVID.
Furthermore, the dynamic model of the QZSVID under different force and
displacement excitations is constructed for analyzing the system dynamic
characteristics under different excitations. By analyzing the amplitude frequency
response characteristics of the system, we can elucidate how various structural
parameters and external excitations impact the dynamic characteristics of the QZSVID.
At the same time, the numerical simulation analysis is used to verify the theoretical
analysis result.

(3) Performance analysis of the QZSVID for robot grinding and polishing are
carried out. In order to further clarify the influences of the structural parameters and
external excitation disturbances on the dynamic behavior of the QZSVID, the
constructed dynamic model of the QZSVID is transformed into a state space equation
model. Then, the bifurcation phenomenon of the dynamic platform response of the
QZSVID caused by changes in excitation amplitude and excitation frequency and its
evolution towards chaotic state are studied. The global nonlinear dynamic
characteristics of the QZSVID under the influence of different structural parameters
and excitation parameters are analyzed. Furthermore, by analyzing the changes in force
transmission rate and displacement transmission rate of the QZSVID under the
influence of relevant parameters, and comparing the performance of the QZSVID with

that of the corresponding equivalent linear system, the vibration transmission
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suppression performance of the designed QZSVID is analyzed and verified.

(4) Experimental research on grinding and polishing with the QZSVID is carried
out. The performance testing experimental platform of the QZSVID, as well as an
application testing experimental platform of the QZSVID are built. By conducting
frequency sweep experiments on the designed QZSVID, the displacement transmission
rate characteristics of the QZSVID under rated load and overload conditions are
analyzed. And the vibration transmission suppression performance of the QZSVID is
verified. Furthermore, the prototype of the QZSVID is installed between the end flange
of the robot and the polishing head. the vibration acceleration of the elastic components
and the changes in grinding force of the polishing head during the grinding and
polishing process are analyzed. By comparing with the direct polishing of the elastic
components by the robot, the actual application effect of the QZSVID is verified. The
experimental results show that the QZSVID can effectively suppress the vibration of
the elastic components during the robot grinding and polishing process.

KEY WORDS: Robot grinding and polishing, Elastic components, Quasi-zero

stiffness, Dynamic characteristics, Vibration transmission suppression
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