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Abstract. The structural damping ratio of various materials has been measured at 

293 K and 77 K through a rod bending excitation setup. The aim was to extract the 

material-dependent structural damping ratio as a first approach to in-vacuum 

damping. However, for simplicity, testing has been conducted in air with measures 

to minimize the effect of viscous damping from viscous drag. The setup and 

methodology are described in this paper, as well as the setup limitations and 

proposed ways to overcome these limitations for an improved setup. The results 

are presented in a summary table and discussed. 

1. Introduction 

A general trend in new particle accelerators projects is the reduction of transverse beam size, as 

this is useful to improve brightness for synchrotron light sources or luminosity for colliders. 

However, one downside is that it makes beam orbit stability – and so hardware position stability 

- proportionally more important [1][2]. To design particle accelerator supports with high stability, 

engineers typically work on limiting low-frequency resonances. But when that is not possible, or 

when a high stability is required up to a high frequency, some structural resonances can still be 

excited, and the resulting vibration amplitude needs to be assessed and put under control. The 

evaluation of the displacement triggered by these resonances requires the knowledge of the 

damping characteristics of the material being deformed. While in air the effective damping is a 

combination of material-dependent structural damping and viscous damping from air drag, in 

vacuum, only the structural damping component is present. In an attempt to approach values of 

structural damping values in this study, we tried to minimize the effect of air viscous damping.  

While absolute damping values reported still include some amount of viscous drag damping, 

relative values are useful to show variations between materials in an identical test environment. 

This study offers a determination of materials structural damping characteristics at room 

temperature (293 K) and around liquid nitrogen temperature (77 K) in air with efforts made to 
minimize air viscous damping. 

2. Experimental methodology 

2.1 Test setup  

The test setup relies on measuring the vibration amplitude decay of a bending beam in a 

fixed-free configuration. Samples are ∅0.25 inch (∅6.35 mm) rods with length of 8.5 inch (215.9 

mm) for all samples tested both at 293 K and 77 K and length 12 inch (304 mm) for all samples 

tested excusively at 293 K.  

The samples fixed-ends are clamped in a double-screw clamp in an attempt to limit the friction 

within the clamp assembly which would create artificial damping. When testing at 77K, a tubular 



PTFE sleeve is fixed around the sample – without contact - to stratify the air and helps limit 

thermal convection and icing on the sample. Icing on the sample exposed surface has a potential 

to increase damping artificially by creating friction between the ice crystals formed.  

For stiff samples, weights are clamped at the free end to reduce the bending oscillation frequency 

and so limit the air viscous damping. All samples were set to have a resonnance frequency 

between  10 and 30 Hz. 

The samples are excited by loading up elastic energy, and releasing this energy suddenly to 

measure vibration decay. An accelerometer placed on the sample free-end records the 

acceleration amplitude. The accelerotmeter acquisition is set to 500 Hz, an order of magnitude 

above the resonnace frequency. Measurements are made from an acceleration of 2g (19.62 m/s2) 

down and damping ratio are calculated across as many periods as possible. 

When tested at 77K, sample are immersed in LN2 until thermal equilibrium is established and 

then promptly put upright and excited. Some temperature uncertainty stems from the time 

needed to mount the sample and excite it – although this was done fast and results were usually 

repeatable - and some additional uncertainty come from the higher damping of cold and dense 

air and limited amount of freezing on the sample surface. 

2.2 Data processing 
An example of acceleration decay from the titanium sample is depicted on Figure 1. 

 

 
Figure 1 Acceleration decay from the vibration of the titanium alloy TiAl4V rod – resonance @14.36 Hz 

A fast fourier transform is used to determine the precise resonance frequency, here 14.36 Hz.  

As described in Ref.[3] (Eq. 23), the damping ratio can be determined : 

 

𝜉 =
𝐶

𝐶0
=

ln(𝑦0/𝑦𝑁) 

√(2𝜋𝑁)2 + ln(𝑦0/𝑦𝑁) 2
 

 

In this case, using values from Fig. 1 : 

 

𝜉 =
ln(8.00/5.67) 

√(2𝜋. 26)2 + ln(8.00/5.67) 2
= 0.0021 (0.21%) 

yo = 8.00E+00 y26 = 5.67E+00
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3. On the significance of the damping ratio 𝝃  

The analysis of a 1D harmonic oscilator driven by a sinusoidal displacement excitation 𝑥𝑎(𝑡) =

𝐴𝑠𝑖𝑛(𝜔𝑡) gives Ref. [3,4,5] : 

 
Figure 2 : 1D harmonic oscillator driven by a displacement – Figure from [5] 
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Note that the damping ratio also shifts the effective resonance frequency 𝜔𝑟𝑒𝑠  from the 
undamped resonance frequency 𝜔0 as such: 

𝜔𝑟𝑒𝑠 = 𝜔0√1 − 2𝜉2 

So, at the damped resonance frequency 𝜔𝑟𝑒𝑠: 

|𝐵(𝜔𝑟𝑒𝑠)| =
|𝐴|

2𝜉√1 − 𝜉2
 

In practice, 𝜉2 ≪ 1 (→ √1 − 𝜉2 ≈ 1) and so the vibration amplification at resonance 𝜔𝑟𝑒𝑠: 

|𝐵(𝜔)|

|𝐴|
∝

1

2𝜉
 

From this, to accurately predict the amplification when a structure resonance is excited, the 

knowledge of the damping ratio 𝜉 is required, as the resonant displacement amplitude in inversely 

proportional to 𝜉. 

In some applications, the integrated motion amplification over a frequency range is more useful 

than the peak resonant amplitude at given frequency. For example, this is true for the evaluation 

of accelerators components stability under a broadband excitation.  

A discussion of getting the integrated amplification factor is offered in annex 1, the dependence 

of the integrated motion amplification is shown to be: 

∫
|𝐵(𝜔)|

|𝐴|
𝑑𝑓 ∝

1

𝜉0.23
 (approximately) 

For a consistent broadband excitation. 

  



3. Test results and discussions 

3.1 Results 

Figure 3 summarizes the results of the testing described in section 2.  

The damping ratio is represented as blue bars for 293K testing and orange bars for ~77 K testing. 

The error range represent the difference between the average value reported and the extreme 

value obtained in the multiple testing attempts for each sample. 

 

 
Figure 3 Structural damping ratio for various materials in air – samples ranked in increasing damping ratio at 293K 

3.2 Discussion of the result 

The data obtained are generally consistent with data available in the literature [6][7]. 

From Fig.3 metals and glass show the lowest damping ratio, followed by composite materials, 

wood and plastics.  Available material certificates are available in appendix 2. 

Short glass fibers in ULTEM tend to decrease the damping ratio (ULTEM 2300 has 30% short glass 

fibers compared to the unfilled 1000). 

The damping ratio of plastics decreases markedly at 77K (Ultem 1000, 2300, PEEK). This is 

consistent with results previously reported in [8].  However, this effect is much less present in the 

long fiber-composite samples tested - G10 and carbon fiber CFRE - where the damping ratio 

change is relatively small between 293 K and 77 K. 

Metals also show relatively small variation. While Ti-6Al-4V, Nitronic and Al 6061-T6 seems to 

show a minor increase in damping at cold, stainless-steel 304 shows a slight decrease.  
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However, with the relatively low values of damping ratio of metals, it is hard to rule out an effect 

of higher viscous damping due to the dense cold air around the sample or local freezing on the 

sample surface at cold temperature. To refine these results further, one should aim to use a setup 

under vacuum as discussed later in this report. 

3.3 Applying an elastomer coating to improve damping? 

 

Elastomers are well-known to have a superior damping coefficient [7].  
In order to evaluate the effect of applying an elastomer coating on the surface of a metallic sample, 

the stainless-steel SS304 sample was coated with a thin layer of “self-levelling” silicone (Dow 

Corning 734®). The sample was then wiped immediately after silicone application to obtain a 

very thin and consistent coating thickness.  

Testing at room-temperature showed an interesting increase in damping ratio of the stainless-

steel sample from 3.11E-3 to 6.52E-3, about a factor 2x.  

Based on this, applying an elastomer coating to the deforming areas of a resonating structure 

could help reduce the resonant amplitude by a factor 2x at least. To push this possibility further, 

more testing should be done to determine the best elastomer type and thickness to increase 

damping as needed. 

The same sample tested at 77K also showed a significant damping ratio increases on the first 

attempt, but this quickly degraded over the next attempts until the damping ratio became equal 

to regular stainless steel damping ratio at 77K. This is suspected to be because of elastomer layer 

delamination which was visible on the sample surface after cryogenic testing. 

3.3 Suggestions for future setup improvement 

 

As previously discussed in section 2, steps were taken to minimize the effect or air viscous 

damping and clamp frictional damping on the results, but some influence is unavoidable.  

Ref. [8] describe a similar setup used in air and under vacuum and reports no significant 

difference between air and vacuum testing. 

To try to estimate the effect of air on the results reported, the lowest structural damping 

coefficient measured with this setup was 9E-4. So, it can be concluded that the effect of air viscous 

damping and frictional damping combined, is less than 9E-4 in our setup configuration (probably 

significantly less- given that the material structural damping is also contributing). 

 

To fully separate structural damping from viscous air drag damping effect, for example for the 

accurate design of accelerators supporting structures in vacuum (magnet cryostat supports -see 
Ref. [6] or SRF cavities supports) it would be best to design a testing setup under vacuum.  

An example of simple and effective setup is described in Ref. [8] where the sample is enclosed in 

a vacuum test chamber submerged in cryogen. The sample excitation can be done through an 

electromagnet. Using thin blades samples instead of a rod will help simplify and improve the 

fixed-end clamping – where any possible friction with the sample is to be avoided – and avoid 

exciting resonance mode in directions other than the direction of interest. 

Conclusion 

A relatively simple test setup was used to estimate structural damping values for different 

materials. The results obtained match relatively well with litterature data and can be used to 

approximate the resonnance amplitude of vibrating structures. 
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Annex 1 – Evolution of the broadband amplification factor with damping ratio 

 

As pointed out in the report, the vibration amplification at resonance: 

|𝐵(𝜔)|

|𝐴|
∝

1

𝜉
 

However, to get the overall impact of the damping ratio on amplification integrated over a range 
of frequency we can look at the integrated amplification factor from a unit broadband excitation. 
For example, looking at a unit excitation (|𝐴| = 1) from 1 Hz to 100 Hz of a system with a 
resonance at 50 Hz and varying the damping ratio (𝜉 = [0.001;  0.005;  0.01] ∶  

 

Figure 4 Amplification factor and integrated amplification from 1 Hz to 100 Hz of a unit base excitation 

Figure 4 shows that the integral of amplified motion from a unit broadband excitation is not linear and tapers off with 

increasing damping ratio. 

Figure 5 shows the plot of ∫
|𝐵(𝜔)|

|𝐴|
𝑑𝑓

100 𝐻𝑧

1 𝐻𝑧
 against 𝜉 :  
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Figure 5 Integrated amplification from 1 Hz to 100 Hz against damping ratio 

In this range, the interpolation points at a dependence in: 

∫
|𝐵(𝜔)|

|𝐴|
𝑑𝑓

100 𝐻𝑧

1 𝐻𝑧
∝

1

𝜉
0.23

 (𝑎𝑝𝑝𝑟𝑜𝑥𝑖𝑚𝑎𝑡𝑒𝑙𝑦) 

For example, in this case, multiplying 𝜉 by a factor 10x decreases the integrated displacement 
amplification only by a factor x0.59 (41% reduction in integrated displacement). 

Indeed, it is obvious when looking at figure 4, that the damping ratio only really affects a very 
narrow band of frequencies around the resonance frequency, while the amplification at 
frequencies even slightly away from the exact resonance remain mostly unaffected. 

Note: the limit on significance of this simplified analysis is that ground motion is usually not a 
consistent broadband excitation – instead ground motion amplitude decreases sharply with 
increasing frequencies. 
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Annex 2 – Material certificates for samples used 

Ti-6Al-4V sample 

 
  



Nitronic 60 sample 

 

 
 

  



 
  



Invar 36 sample 

 
  



Steel C52100 

 
  



Aluminum 6061-T6 

 
  



Carbon fiber sample 

 
  



Ultem 2300 sample 

 


