
Accepted Manuscript

Title: Piezoelectric-excited membrane for liquids viscosity
and mass density measurement

Authors: Xu Lu, Lei Hou, Lin Zhang, Yang Tong, Gaoyang
Zhao, Z.-Y. Cheng

PII: S0924-4247(17)30338-2
DOI: http://dx.doi.org/doi:10.1016/j.sna.2017.05.014
Reference: SNA 10123

To appear in: Sensors and Actuators A

Received date: 26-2-2017
Revised date: 18-4-2017
Accepted date: 8-5-2017

Please cite this article as: Xu Lu, Lei Hou, Lin Zhang, Yang Tong,
Gaoyang Zhao, Z.-Y.Cheng, Piezoelectric-excited membrane for liquids
viscosity and mass density measurement, Sensors and Actuators: A
Physicalhttp://dx.doi.org/10.1016/j.sna.2017.05.014

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/doi:10.1016/j.sna.2017.05.014
http://dx.doi.org/10.1016/j.sna.2017.05.014


Piezoelectric-excited membrane for liquids viscosity and mass 

density measurement 

Xu Lu a, *, Lei Hou a, Lin Zhangb, Yang Tongb, Gaoyang Zhaoa and Z.-Y. Chengb 

a Laboratory of Functional Films, School of Materials Science and Engineering, Xi’an 

University of Technology, Xi'an 710048, China 

b Materials Research and Education Center, Auburn University, Auburn, AL 36849, USA 

* luxury.1@gmail.com 

Highlights: 

 1) Piezoelectric-excited membrane is presented for rapid measurement of liquids viscosity 
and density, especially for wide-range viscosity measurement. 

 2) High Q factor of membrane in liquids is considered helpful to improve the signal-to-noise 
ratio in applications. 

 3) The relationships of resonant frequency and Q factor of membrane to viscosity and 
density of liquids were investigated theoretically and well approved by the experimental 
data in a viscosity range from 19.88 cP to1,733cP and in a density range from 0.829g/cm3 to 
0.886 g/cm3.  

Abstract 

This paper presents a piezoelectric-excited membrane device for rapid measurement of 

liquids viscosity and density. The working principle of the device is based on membrane’s 

resonant frequency and Q factor responses to the damping effects of a surrounding liquid. 

The dependences of the resonant frequency and Q factor on liquids viscosity and mass 

density were theoretically investigated using a sphere-end oscillator model in viscous 

liquids and compared to experimental results. The theory and experimental results show 

that the piezoelectric-excited membrane can be used to measure liquids viscosity in a range 

from 19.88 cP to 1,733 cP and mass density in a range from 0.829 g/cm3 to 0.886 g/cm3. 

Hence, the piezoelectric-excited membrane device is a promising candidate for rapid 
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