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a b s t r a c t

We present a new approach for characterizing the loss factor of materials, using a suspended

mechanical oscillator. Compared to more standard techniques, this method offers freedom

in terms of the size and shape of the tested samples. Using a finite element model and the

vibration measurements, the loss factor is deduced from the oscillator’s ring-down. In this

way the loss factor can be estimated independently for shear and compression deformation

of the sample over a range of frequencies. As a proof of concept, we present measurements

for EPO-TEK 353ND epoxy samples.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

Material damping properties play a crucial role in the design of many modern experiments and devices. An appropriate

material can be a solution to a variety of noise and vibrations problems. For example, high damping materials present an ele-

gant method to reduce mechanical vibrations, and are extensively used in transportation and construction industries [1,2]. On

the other hand, low damping materials are preferred in high-finesse cavity experiments and interferometric detectors to limit

thermal noise [3].

The ASTM E756 standard [4] describes the standard method for measuring the damping properties of a material. This method

involves using the response of a cantilevered laminated beam, composed of a base beam and one or two layers of the material

to be tested. Beam theory is then applied to calculate the loss factor 𝜂. This method is widely used [5–7] but presents impor-

tant limitations. First, it measures the sample in the shear deformation only, which is not adequate to characterize anisotropic

materials. Second, the clamped boundary condition can introduce unwanted dissipation [8,9]. Finally, the sample geometry is

very limited. The ASTM suggests a sample with a width of 10 mm, a free length of 180–250 mm, and a thickness of 1–3 mm

(1:1 ratio with the base beam). These dimensions are not suitable for some materials, like sub-millimeter piezoelectric plates

or thin adhesive bonds. Smaller cantilevers (called microbeams) have been used in the past, but these can introduce unwanted

damping effects such as thermoelastic damping and air damping [10,11].

A common alternative approach is to directly measure the stiffness of the sample when it is deformed dynamically via a

force gauge or an actuator. This method, known as the impedance method [12,13], presents the same limitations as the standard

method in terms of boundary conditions and sample size.
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Fig. 1. Three samples, shown in red, are glued between a bottom aluminum mass (in dark grey) and a top aluminum mass (partially transparent for more visibility). The

experiment is suspended from a cage by three steel wires to operate in a free configuration. The clamps and wires are shown in black. (For interpretation of the references

to colour in this figure legend, the reader is referred to the Web version of this article.)

The method proposed in this paper addresses the problems listed above. The standard cantilever beam is replaced by

a suspended mechanical oscillator, where three test samples are glued between two aluminum masses. The analysis is

based on the transient response of the system at resonance. By exploiting several mechanical resonances, the samples

are examined in both shear and compression. The oscillator is suspended to avoid unwanted damping from the boundary

conditions. This method can be used for arbitrary types and sizes of samples, as there is no requirement on the sample

geometry.

In Section 2, we present the general concept of this method in more detail. In Section 3 and 4, we explain how to tune the

oscillator to the desired modal frequencies, and how to limit the coupling between the oscillator and the suspension. Finally, in

Section 5 and 6, results for millimeter-sized samples of 353ND epoxy are shown.

2. Description of the method

A sketch of the mechanical oscillator and its suspension are shown in Fig. 1. The material under test consists of three identical

samples, each sample being glued between two aluminum reaction masses. The samples are arranged in an equilateral triangle

around the oscillator center of mass to make the experiment symmetric and balanced.

The experiment is suspended by three steel wires that are mechanically fastened to the bottom mass with clamps. The

reaction masses act as rigid bodies, such that most of the strain energy of the oscillator modes is stored in the samples. The size

and shape of the masses, as well as the position of the samples are calculated to tune the modal frequencies of the mechanical

oscillator. The resonant frequencies of the suspension must be kept below the oscillator frequencies to avoid coupling between

the suspension and oscillator modes.

The oscillator modes are excited by hitting the bottom mass with an impact hammer, and their time response is recorded

with an accelerometer, as illustrated in Fig. 2. Both the excitation and sensing are performed on the bottom mass. The quality

factor Q of each oscillator mode is computed from the recorded time series using the ring-down method. This method is based

on the fitting of the time constant 𝜏 of the exponential decreasing signal envelope.

A general expression of the loss factor 𝜂 [14] can be written as

Fig. 2. Block diagram of the experimental set-up. The wires and clamps are not represented.
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