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U-tube Coriolis mass flow meter, LabVIEW, flow measurement devices that can lead to inaccurate
measurement, damping techniques measurements. This paper presents a comparative

study of vibration control in two common flow
Received:06.05.2023 measurement devices, a cantilever beam and a U-
Accepted:11.05.2023 tube Coriolis mass flow meter. The study uses
Published:16.05.2023 LabVIEW software to control and measure vibration

levels in each device. Various vibration control
methods, including passive and active damping
techniques, are implemented and compared. The
results show that both devices can benefit from
effective vibration control techniques, but the
optimal method depends on the specific
characteristics of each device.

INTRODUCTION

The measurement of mass flow rate is a vital process in many industries, including oil and gas, food
and beverage, and chemical processing. The Coriolis mass flow meter is a widely used device for
measuring mass flow rate due to its high accuracy and robustness. However, Coriolis mass flow
meters are susceptible to vibration interference, which can affect their accuracy. In this study, we
compare the performance of a cantilever beam and a U-tube Coriolis mass flow meter in terms of their
susceptibility to vibration and the effectiveness of vibration control using LabVIEW. Accurate flow
measurement is crucial in many industrial processes, and various flow measurement devices are used
for this purpose. However, one common issue in these devices is vibration, which can cause
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measurement errors and reduce accuracy. Vibration control is, therefore, an important aspect of flow

measurement.

This paper presents a comparative study of vibration control in two commonly used flow
measurement devices, a cantilever beam and a U-tube Coriolis mass flow meter. The cantilever beam
is a common type of flow sensor that operates based on the deflection of a beam under fluid flow. The
U-tube Coriolis mass flow meter operates based on the Coriolis effect, where the flow of fluid in a

vibrating U-tube causes a phase shift in the vibration of the tube.

In this study, we use LabVIEW software to control and measure the vibration levels in each device.
The study compares various vibration control techniques, including passive and active damping
methods. The effectiveness of each method is evaluated based on the reduction in vibration levels and

the resulting improvement in measurement accuracy.

The rest of the paper is organized as follows: Section II describes the cantilever beam and U-tube
Coriolis mass flow meter in detail. Section III discusses the LabVIEW software used in the study.
Section IV presents the various vibration control techniques implemented and compared in the study.
Section V presents the experimental setup and the results of the study. Finally, Section VI summarizes

the findings and discusses the implications of the study.
METHOD

The cantilever beam and U-tube Coriolis mass flow meter were subjected to different levels of
vibration using a shaker table. The vibration signals were acquired using a piezoelectric
accelerometer and processed using LabVIEW. The effectiveness of vibration control was evaluated by
comparing the accuracy of mass flow rate measurement before and after applying the LabVIEW-based

vibration control system.
Cantilever Beam:

A cantilever beam flow sensor was constructed using a thin metal beam with strain gauges attached to

measure deflection.
A test rig was constructed to pass fluid flow through the sensor and induce vibration.

LabVIEW software was used to measure and record the vibration levels in the beam.
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Various passive and active vibration control methods were implemented in LabVIEW, including mass

damping, viscoelastic damping, and active feedback control.
U-Tube Coriolis Mass Flow Meter:

A U-tube Coriolis mass flow meter was used for the study, consisting of a U-tube vibrating at a

resonance frequency.
The device was connected to a fluid flow loop to generate flow-induced vibration.
LabVIEW software was used to measure and record the vibration levels in the U-tube.

Various passive and active vibration control methods were implemented in LabVIEW, including mass

damping, viscoelastic damping, and active feedback control
Experimental setup:

A test rig was constructed for each device, and the flow rate was varied to induce different levels of

vibration.

A range of vibration control methods were implemented in LabVIEW for each device and evaluated

for their effectiveness.
The vibration levels were measured using accelerometers and recorded using LabVIEW.

The results were analyzed to compare the effectiveness of different vibration control techniques in

each device.
Data analysis:

The data collected during the study were analyzed using statistical methods to compare the

effectiveness of different vibration control techniques in each device.

The effectiveness of each technique was evaluated based on the reduction in vibration levels and the

resulting improvement in measurement accuracy.

Overall, the study used LabVIEW software to compare the effectiveness of various vibration control

techniques in two different flow measurement devices, a cantilever beam and a U-tube Coriolis mass
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flow meter. The study involved the construction of test rigs, the implementation of various vibration

control techniques, and the measurement and analysis of vibration levels in each device.
RESULTS

The results show that both the cantilever beam and U-tube Coriolis mass flow meter are susceptible to
vibration interference, with the U-tube Coriolis mass flow meter being more sensitive. The LabVIEW-
based vibration control system was effective in reducing the vibration interference, resulting in an
improvement in the accuracy of mass flow rate measurement for both devices. However, the
cantilever beam showed better performance in terms of accuracy and stability compared to the U-

tube Coriolis mass flow meter.
DISCUSSION

The study highlights the importance of vibration control in mass flow rate measurement and shows
that LabVIEW-based vibration control systems can be effective in reducing the effects of vibration
interference. The better performance of the cantilever beam can be attributed to its simpler design,
lower sensitivity to vibration, and lower power consumption compared to the U-tube Coriolis mass
flow meter. However, the U-tube Coriolis mass flow meter still offers higher accuracy than the

cantilever beam for certain applications.
CONCLUSION

The study concludes that both the cantilever beam and U-tube Coriolis mass flow meter can benefit
from the implementation of LabVIEW-based vibration control systems to improve their accuracy in
mass flow rate measurement. The choice of device depends on the specific application requirements,
with the cantilever beam offering better performance in terms of accuracy and stability for
applications with low flow rates and the U-tube Coriolis mass flow meter offering higher accuracy for

applications with higher flow rates.
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