
 

 

 

 

 

 

 

 

 

 

 

 

February 24
th

, 2011 

 

 

To: Whom It Concerns 

 

Attached is Michigan State University, College of Engineering Dynamics and Vibrations 

Laboratory report on the effects of VIBEX on a Cannondale handle Bar. 

 

The report contains results from tests that were conducted by Michigan State University for 

Permawick Corporation.  In addition to test VIBEX it was also requested that Bontrager 

vibration dampers by Mathews be tested as well.  The results show that both the Bontrager 

damper by Mathews and VIBEX reduce vibration .  However the results show that VIBEX 

performs better across a wider range of frequencies.  

 

Sincerely, 

 

Thomas Theisen 

Graduate Research Assistant  

Michigan State University College of Engineering  
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Project Description:  

 

Based on recent interest shown by Trek it was decided to test a Cannondale handle bar with and without 

VIBEX.  Prior test had been performed on motorcycle handle bars with positive results.  It is desired to 

show if VIBEX has the same affect on a Cannondale handle bar and to what extent.  Additionally tests will 

be done to compare VIBEX to the Bontrager vibration dampers by Mathews which are currently available.  

Results of the test are to be provided to Permawick Corporation.   

 

Equipment:  

 

 Cannondale Handle Bar Model Fire 255g-6061-t6 butted alloy 

 2 Bontrager Vibration Dampers by Mathews 

 4 shear-type accelerometers (352B10/10AC) manufactured by PCB Piezotronics  

 16 channel signal conditioner (481A02) manufactured by PCB 

 2 channel AR GXPA TEAC module for data recording manufactured by Tritech 

 Impact hammer w/ force transducer (086B04sn3116) 

 Gateway Laptop w/ required software for post processing data (TEAC GX Navi and Matlab) 

 

Procedure:  

 

The Cannondale handle bar was suspended and struck horizontally with an impact hammer in the center of 

the handle bar.  Accelerometers were placed on the area of the handle bar where it would be gripped by 

the cyclist, and were used to record horizontal acceleration data at six locations.   

 

 
Figure 1.  Experiment Set Up 

 

Five sets of data were recorded  for each set of tests.  There were four sets of tests were performed.  

 Baseline without any vibration reducing component 

 2 Bontrager vibration dampers by Mathews (14.4 grams each) 

 8.5 grams of VIBEX in each  side of the handle bar 

 14.4 grams of VIBEX in each side of the handle bar 

Data was sampled at 5000 Hz with the low pass filter set to 2000 Hz.  VIBEX was placed at the location 

shown and inserted directly using a caulking gun. 

 



Results & Conclusions: 

 

The figures below display the fast Fourier transform (FFT) of the data collected. On the x-axis is the 

frequency, which is the rate of oscillation in cycles/second (Hz) units.  The y axis displays the amplitude 

associated with a given frequency in the signal, normalized by the impact force, on a linear scale.  The 

figures show that the Cannondale handle bar response has four dominant components at frequencies 

around 190 Hz, 365Hz, 385Hz, and 500 Hz, which indicate frequencies of vibration modes for the freely 

suspended Cannondale handle bar.  The black lines represent the baseline tests, blue lines represent tests 

performed with the Bontrager vibration dampers by Mathews, red lines represent test performed with 17 

grams of VIBEX and green lines represent 28.8 grams of VIBEX.  Depending on the excitation in an FFT 

a reduction in the peak can  mean that the magnitude of the vibration observed at impact is reduced 

(sustained excitation), or that the length of time that the vibration can be felt is reduced (impulse 

excitation).  In the figures below each line represents one sensor.  Additionally for the figures below one 

test was taken from each set of tests to allow the results to be clearly seen.  In Table 1 however we have 

taken the averages of all the tests  to give a more comprehensive results. 

 
Figure 2. FFT of all Sensors 

 



 
Figure 3. Zoomed FFT of all Sensors 

 

It can be seen in Figures 2 & 3 that, when VIBEX is installed in Cannondale’s handle bar, the magnitude 

is reduced.  This is also the case for the Bontrager vibration dampers by Mathews. 

 

Table 1 compares the amplitudes of the sensors at each natural frequency, and indicates the percent 

reduction when a vibration dampening component is applied.  It should be noted that the units for the y-

axis label X[k]/F[k] are not explicitly stated but for the reduction calculated we take a ratio which 

produces a nondimensional result.  Also table 1 contains a more comprehensive result that includes all the 

data that was collected. 

 

It is clearly visible in Figures 2 & 3 that we have two frequency peaks near each other(365 Hz and 385Hz) 

in the base line test.  When VIBEX has been added to the handle bar the ability to distinguish these two 

peaks is lost.  Den Hartog talks about this type of result in his book Mechanical Vibrations.  He shows that 

in system with two frequency peaks when damping enough damping is added the two peaks with merge 

together. (Hartog 97)  For this reason we have chosen to compare the peaks found in damped tests to the 

greater of the two unique peaks found in the baseline tests which is at 385Hz.  This can be been in the data 

found in Table 1.   Additionally the Bontrager vibration dampers by Mathews behave like a linear 

vibration absorber.  This means that they do a good job at reducing the vibration for a certain frequency 

but create additional peaks at other frequencies.  This effect can be seen in Figure 2 and 3.



Table 1. Max Amplitudes at Main Frequencies 

 

 

Frequency (Hz) ≈193,163,181,178 Hz % Reduction ≈385,274,373,366 Hz % Reduction ≈501, 529, 491, 491 Hz % Reduction

Base Line 27.7173 x 757.3847 x 5.02997 x

14.4 Grams Bontrager 3.6586 86.80% 19.2379 97.46% 12.0628 -139.82%

8.5 Grams VIBEX 2.805 89.88% 49.4544 93.47% 4.3309 13.90%

14.4 Grams VIBEX 2.8759 89.62% 25.4216 96.64% 4.0724 19.04%

Frequency (Hz) ≈193,163,184,184 Hz % Reduction ≈385,274,373,366 Hz % Reduction ≈501, 529, 491, 491 Hz % Reduction

Base Line 28.1546 x 183.2835 x 2.40473 x

14.4 Grams Bontrager 7.25667 74.23% 8.41812 95.41% 6.79212 -182.45%

8.5 Grams VIBEX 2.573 90.86% 11.7872 93.57% 1.4304 40.52%

14.4 Grams VIBEX 2.3886 91.52% 10.5206 94.26% 1.043 56.63%

Frequency (Hz) ≈193,163,184,184 Hz % Reduction ≈385,274,373,366 Hz % Reduction ≈501, 529, 491, 491 Hz % Reduction

Base Line 33.7137 x 309.3282 x 9.95478 x

14.4 Grams Bontrager 7.54521 77.62% 17.594 94.31% 3.23526 67.50%

8.5 Grams VIBEX 1.6728 95.04% 18.6508 93.97% 5.5887 43.86%

14.4 Grams VIBEX 1.4989 95.55% 9.6624 96.88% 3.634 63.49%

Frequency (Hz) ≈193,156,184,184 Hz % Reduction ≈385,274,373,366 Hz % Reduction ≈501, 529, 491, 491 Hz % Reduction

Base Line 31.1889 x 322.3065 x 10.9052 x

14.4 Grams Bontrager 8.37266 73.16% 21.0339 93.47% 4.10726 62.34%

8.5 Grams VIBEX 2.0179 93.53% 21.3517 93.38% 6.1417 43.68%

14.4 Grams VIBEX 1.7874 94.27% 11.9222 96.30% 5.2307 52.03%

Frequency (Hz) ≈193,163,184,184 Hz % Reduction ≈385,274,373,366 Hz % Reduction ≈501, 529, 491, 491 Hz % Reduction

Base Line 40.2525 x 176.1779 x 1.56228 x

14.4 Grams Bontrager 8.53652 78.79% 6.54815 96.28% 4.98196 -218.89%

8.5 Grams VIBEX 2.7882 93.07% 10.7308 93.91% 1.4392 7.88%

14.4 Grams VIBEX 2.6271 93.47% 7.17494 95.93% 1.5792 -1.08%

Frequency (Hz) ≈193,163,184,184 Hz % Reduction ≈385,274,373,366 Hz % Reduction ≈501, 529, 491, 491 Hz % Reduction

Base Line 88.0323 x 775.4597 x 5.20315 x

14.4 Grams Bontrager 16.0689 81.75% 18.4843 97.62% 12.9116 -148.15%

8.5 Grams VIBEX 3.8647 95.61% 46.969 93.94% 4.5498 12.99%

14.4 Grams VIBEX 3.1106 96.47% 24.703 96.81% 4.2772 17.80%

Sensor #6

Sensor #1

Sensor #2

Sensor #3

Sensor #4

Sensor #5

Average Reduction ≈193,163,184,184 Hz ≈385,274,376,366 Hz ≈501, 529, 504, 491 Hz All

14.4 Grams Bontrager 78.72% 95.76% -93.24% 27.08%

8.5 Grams VIBEX 93.00% 93.71% 27.14% 71.28%

14.4 Grams VIBEX 93.48% 96.14% 34.65% 74.76%



The first thing that can be noticed from Table , on the previous page, is that at the middle frequency range, 

those corresponding to the 385 Hz peak, VIBEX and  the Bontrager vibration damper by Mathews 

perform very well near 95% reduction.  The next thing to look at is the other natural frequencies.  For the 

lower frequency at 193 Hz Bontrager vibration damper by Mathews performs well with 78.72% but the 

two sets of tests performed with VIBEX performed even better, both being around 93%.  The other natural 

frequency is around 500 Hz.  The Bontrager vibration damper by Mathews made things worse at this 

frequency, while both VIBEX tests had a positive effect reducing vibration by 27.14% and 34.65%.  From 

this data we are all to determine that the Bontrager vibration damper by Mathews has both positive and 

negative effects dependant on the frequency.  Additionally both cases of VIBEX have a positive effect 

across the whole range of frequencies.   

 

The next thing that needs to be looked at more closely is the comparison of 17  grams of VIBEX and 28.8 

grams of VIBEX.  In cycling weight is critical.  As noted before the Bontrager vibration damper by 

Mathews has a total mass of 28.8 grams.  The direct comparison shows that 28.8 grams of VIBEX 

performs better than the Bontrager vibration damper by Mathews, 74.76% compared to 27.08%.  

Additionally 17 grams of VIBEX has been shown to give results comparable to those given by 28.8 grams 

of VIBEX, 71.28% compared to 74.76%.    

 

  



Summary:  

 Bontrager vibration damper by Mathews reduce the amplitude of vibration in a Cannondale handle 

bar by an average of 27.08%. 

 17 grams of VIBEX reduces the amplitude of vibration in a Cannondale handle bar by an average of 

71.28%. 

 28.8 grams of VIBEX reduces the amplitude of vibration in a Cannondale handle bar by an average of 

74.76%. 

 All products reduce vibration but VIBEX works better over the whole frequency spectrum. 

 VIBEX reduces the frequency of the handle bars natural frequencies due to its added mass. 

 

Things to Note 

 

 The location of accelerometers and the string supports for the free-free boundary conditions, along 

with the location of impact for exciting the structure, have a crucial influence on the responses read by the 

accelerometers. Care was taken to ensure similar sensor locations on tests with and without VIBEX, and 

the error is assumed to be negligible. 

 The accelerometers used have a reduced accuracy at frequencies below about 10 Hz.  This in 

conjunction with slight bouncing that sometimes occurs during testing accounts for peaks at lower 

frequencies that can be ignored.  

 When the handle bar was struck some bouncing occurred with the support strings, which contributes 

to the peaks at low frequencies. 

 The tests were plotted for frequencies less than 600 Hz. Higher frequencies can be examined if 

applicable. 

 The vibration characteristics with a handle bar in the grip of the cyclist will be different than those of 

the free-free hanging handle bar.  The free-free hanging club provides repeatable test conditions.  We 

expect the general trend of vibration reduction to carry over. 
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