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DESIGN AND EXPERIMENTAL STUDY OF QUASI-ZERO
STIFFNESS VIBRATION ISOLATION COUPLING DEVICE

FOR GROUTING HOSE DRAGGING SYSTEM

ABSTRACT

Concrete placement is an important link in the construction of
engineering buildings, especially high-rise buildings, and is a key
technology to ensure the construction quality. At present, the concrete
pouring mode of the high-rise buildings is "mixing truck — concrete
pump truck — boom system — grouting hose". The boom system has the
characteristics of fast movement and large movement range. In order to
achieve uniform concrete pouring, it must rely on workers to manually
drag the grouting hose. However, in the high altitude working
environment, due to the influence of the natural wind and the impact of
high pressure pumping of the concrete pump, the grouting hose is easy to
produce irregular pulsation vibration, which leads to the difficulty and
high risk of manual dragging control of the grouting hose. Therefore, it is
of great significance to study the intelligent drag equipment of the
grouting hose to improve the safety of human-machine interaction in
high-altitude concrete grouting. The research work mainly includes:

(1) Considering the actual transmission process of the concrete
grouting hose pulsating vibration, the quasi-zero-stiffness vibration
isolation coupling device (QZSVICD) of the grouting hose dragging
system is designed to prevent the pulsating vibration of the grouting hose

transmitting to the dragging system and the workers arms. Then, the
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stable operation of the grouting hose dragging device can be ensured.
With the force analysis of the QZSVICD and its negative stiffness
element combined, the overall static equation of the QZSVICD is
derived, and the influence of different structural parameters on the zero
stiffness characteristics of the QZSVICD is analyzed. Based on this, the
structural parameters of the QZSVICD are optimized with the purpose of
maximizing the zero stiffness interval of the QZSVICD. Moreover, the
experimental prototype is made and the relation between the load mass
and the structural parameters of the QZSVICD is further defined under
the condition of static equilibrium with quasi-zero stiffness.

(2) The dynamic model of the QZSVICD is constructed based on the
polynomial fitting of the return force of the Taylor expansion. And the
nonlinear differential equations of the QZSVICD under the harmonic
displacement and harmonic force excitation are established. The
harmonic balance method is used to solve the steady-state response of the
QZSVICD under those two excitation conditions. The influence laws of
the structure parameters and external excitation parameters on the
amplitude-frequency response characteristics and vibration displacement
transfer characteristics of the QZSVICD are determined. Through
numerical simulation analysis, the displacement response results of the
QZSVICD and the corresponding equivalent linear system under single
frequency excitation and multi-frequency excitation are compared, and
the vibration transmission suppression effect of the designed QZSVICD
is verified.

(3) The dynamic model of QZSVICD under overload condition is
established, and the nonlinear differential equations of the QZSVICD
under harmonic displacement excitation and harmonic force excitation

are established, respectively. Then, the steady-state response of the
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QZSVICD under overload conditions is solved by the harmonic balance
method, for determining the dynamic characteristics of the QZSVICD
under overload conditions. According to the structural parameter relation
of the QZSVICD, the corresponding relationship between the angle of the
tilt linkage and the load mass is analyzed, and the dynamic adjustment
method of the QZSVICD under varying load conditions is determined.
Moreover, the effectiveness of changing the tilt linkage angle on
improving the vibration transmission inhibition performance of the
QZSVICD under overload is verified by numerical simulation analysis.
(4) The virtual prototype of the QZSVICD of the grouting hose
dragging system is built, and the response of the QZSVICD under the
normal load, the overload and the overload with tilt linkage angle
changed is simulated to verify the correctness of the theoretical analysis
results. Furthermore, the physical prototype of the QZSVICD is
developed, and the experimental platform of the quasi-zero stiffness
vibration isolation device of the grouting hose dragging system is built.
The static balance test experiment and vibration transfer inhibition
performance analysis experiment of the QZSVICD are carried out to
verify the vibration transfer inhibition performance of the designed

QZSVICD of the grouting hose dragging system.

KEY WORDS: Concrete placement; Grouting hose dragging

system; QZSVICD; Tilt linkage; Variable load; Vibration

transmission suppression
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[J(hox) +(Lycosar)
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(02+(m003af)2

#a6=01CAK2-10). (3-2). 3-3)M=H(3-4), 15:
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WE=8+-2=8+0,, HRAK®4-8), BIILE N T BN TR
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34
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+(687°p° —9p%5 ) A —(4B03Q" +16 BU;Q°E ) A} + 482050 A, — 805 =0
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