October 7, 2011
To: Whom It Concerns
Attached is the Michigan State University, College of Engineering Dynamics and Vibrations
Laboratory second report on the effects of VIBEX on the a Troy-Bilt/Wolf Garten lawn
mower.
The report contains results from tests that were conducted by Michigan State University for
Permawick Corporation. Permawick Corporation will share the findings with MTD/Wolf
Garten. It was found that VIBEX has a positive effect on reducing vibrations in the handle bar
of a lawn mower during operation. Optimization studies were to be performed in order to
understand the exact amount and location of Vibex in a handle bar to best improve
performance (i.e. achieve maximum reduction in vibration).
Based on previous work done at MTD it was reported that addition of a total of 70 grams of
Vibex showed best improvements. The Vibex was inserted at 3 locations – 20 grams at about 6
inches from either ends and 30 grams at the top.
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MSU’s initial testing plans involved with inserting different amounts Vibex at the prescribed
location and do a comparative study to determine optimum amount. And once the weight of
Vibex was known optimize the position by moving the said amount to different locations along
the handle bar. This is however, a significantly detailed work and one that would require more
extensive studies on the properties of gel and modal properties of the system. Given the need
for an expedited “optimization”, MSU decided on running some quick and crude tests to assess
if the configuration prescribed by MTD was optimal.
Further testing is planned and will involve studies on amounts of Vibex and its location on the
handle bar as well as the properties of the gel.
Sincerely,

MSU is an affirmative-action,
equal-opportunity institution.

Venkat Ramakrishnan
Graduate Research Assistant
Michigan State University College of Engineering

VIBEX Testing in a Troy-Bilt Lawn Mower
Test conducted at Vibrations Lab @ MSU, East Lansing
October 7, 2011
Project Description:
Based on the first round of tests conducted at MSU showing the positive impact of using VIBEX in TroyBilt lawn mower, MTD decided on optimizing the amount and location of Vibex for best performance.
Prior tests had been performed on handle bars systems of with positive results. It is desired to determine
the optimum amount of VIBEX for the given lawn mower. MTD has determined 30 grams at the top of the
handle bar and 20 grams at the legs (centered at 6 inches from the bottom) provided best results based on
preliminary results. MSU is to verify or further improve the findings. MTD required tests to be performed
on an operating lawnmower as well. Results of the test are to be provided to Permawick Corporation.
Analyzing data from running tests requires different assessment parameters. Also, the properties of the gel
(as a damper or inertia element), is to be understood in greater detail.
For the initial round of optimization tests, we took two approaches. While performing impact tests, we
compared performances for two different conditions. The different conditions had different masses of
Vibex as well as different locations. For the running test again three conditions were studied. These will be
detailed in the following sections.
Equipment:
•
•
•
•
•
•
•

Wolf Garten Lawn Mower
Handlebars defined as Type A and Type B (see Figures 1 and 2)
6 shear-type accelerometers (352B10/10AC) manufactured by PCB Piezotronics
16 channel signal conditioner (481A02) manufactured by PCB
Eight 2-channel AR GXPA TEAC modules 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:
Two test configurations were used for testing. The first test configuration was with free boundary
conditions. The handle bar is removed from the mower and tested independently. This set up is similar to
the tests that were conducted previously on the MTD handlebars. Accelerometers were placed along the
length of the handle bar and were used to record acceleration data at two locations along two different
axes. The second configuration is under actual operating conditions. In this configuration the handle bar
is connected to the rest of the lawn mower. This can be seen in Figure 2. Six accelerometers were used for
these sets of tests. For the first test configuration an impact hammer was used to excite the system. In the
second test configuration the lawn mower’s engine provided the excitation for the system.
Different test types were performed for each configuration.
For impact testing
• Baseline without any vibration reducing component
• 20 grams of VIBEX in the legs of the handle bar. As recommended, a hole was drilled at about 6
inches from the ends of the bar and Vibex was inserted through it.
• 20 grams at the legs and 30 grams was injected at the top of the handle bar. This was found to be
the optimum combination by MTD.
Five sets of data were recorded for each test type.

Data was sampled at 5000 Hz with the low pass filter set to 2000 Hz. VIBEX was placed at the locations
shown and inserted directly using a caulking gun (see Figure 3).
For test configuration 2 the speed control was set to 2. The drive control was not used during the test
neither the throttle. Thus the mower stayed in its initial position with the engine and blade operating
undisturbed. During tests the blade control lever was manually held against the handle bar so that the
engine and blade would remain engaged. The handle bar was held in a way one would operate the
machinery.
Steady operation of the lawn mower engine likely corresponds to nearly periodic excitation, with a
fundamental frequency and harmonics (possibly including sub harmonics). In a linear system, periodic
excitation leads to a periodic response at the same frequencies. In contrast, the impact excitation induces
response components at all frequencies.

Figure 1: Experiment Set Up Test Configuration 1 – impact (Type A handlebar)

Figure 2: Experiment Set Up Test Configuration 2 – running (Type B handlebar)
Results for Test Configuration 1:
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.
Case 1: Vibex on side legs
The figure shows that the handle bar response has six dominant components at frequencies around 125 Hz,
229Hz, 252 Hz, 367Hz, 428 Hz and 486 Hz, which indicate frequencies of vibration modes for the freely
suspended handle bar. The blue lines represent the baseline tests and red lines represent tests performed
with 40 grams of VIBEX. A reduction in the peak can mean that the magnitude of the vibration observed
during a sustained excitation is reduced or that the length of time that the vibration can be felt after an
impulse excitation is reduced. The figures below actually include four overlapping curves of each color,
each representing one sensor. Additionally for the figure below one test was taken from each set of tests
to allow the results to be clearly seen. In Table 1shows the corresponding numerics.
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 yaxis label X[k]/F[k] are not explicitly stated but for the reduction calculation we take a ratio which
produces a nondimensional result.

Figure 3: FFT of all sensors during impact test of a freely suspended handle bar (Type A)
Table 1: Maximum Amplitudes at Main Frequencies

•

Note: Green and negative values indicate reduction in peak level and thus indicate improved
performance. Red and positive values indicate reduction in performance.

Case 2: Vibex on side legs and top
The figure shows that the handle bar response has six dominant components at frequencies around 47 Hz,
124 Hz, 178 Hz, 247 Hz, 424 Hz and 476 Hz, which indicate frequencies of vibration modes for the freely
suspended handle bar. The blue lines represent the baseline tests and red lines represent tests performed
with 70 grams of VIBEX (30 grams at the top and 20 grams on each leg). Another handle bar of the same
type (Type A) was used to conduct this test. Table 2 shows the relevant numeric.

Figure 4: FFT of all sensors during and impact test of a freely suspended handle bar.

Table 2: Maximum Amplitudes at Main Frequencies

•

Note: Green and negative values indicate reduction in peak level and this indicate improved
performance. Red and positive values indicate reduction in performance.

It can be seen in Figure 3 and 4 that, when VIBEX is installed in the lawn mowers handle bar, the
magnitude of vibration (for an impact test, this really means the duration of vibration) is reduced
dramatically in impact tests of suspended bars.
From Table 1 and 2 it is clear that VIBEX has a positive effect on reducing vibration in the freely
suspended lawn mower handle bar. The amount of Vibex affects which peaks are altered. But overall
performance has been beneficiary.
This test scenario gives some insight on the effect that VIBEX has on vibration. However in this test
scenario we are looking at only the handle bar, while in actual usage there are different conditions. It is
for this reason that we have tested the lawn mower in the set up for test configuration 2.
Results for Test Configuration 2:
We used the other set of handle bars to conduct this test (type B). Two sets of test were conducted in the
running configuration.
Case 1: 35 grams on each leg
The figure below shows 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 handle bar responses at the multiple frequencies when excited during operation. Note
that many of these frequencies tend to be multiples. The engine operates at a nearly constant rate, and
harmonics of the engine operation speed lead to harmonics in excitation, and therefore harmonics in
response.
The blue lines represent the baseline tests and red lines represent tests performed with 70 grams of VIBEX
on the legs. In this case of sustained excitation, the reduction in the peak can mean that the magnitude of
the vibration is reduced.
It can be seen at some of the frequencies in Figure 4 that there is a reduction in vibration. However, it is
hard to tell from figure 4 how much of an improvement VIBEX makes. Addition of VIBEX tends to
improve performance, i.e. reduce vibrations at certain frequencies, but doesn’t cause much change in
performance and at a few frequencies degrades performance. This could happen if one of the harmonics of
engine excitation is near the natural frequency of the connected system.
To decipher the information, signal energies associated with the spectral density plots were also
calculated. However results from them were also inconclusive. Impact tests show the reduction in
vibration upon using Vibex. Tests performed in a running condition have too many variables – connected
cables, varying boundary conditions amongst others. This has to be modeled and studied in detail.

Figure 4. FFT of all sensors during operation of the lawn mower engine – comparison without Vibex and
with 70 grams Vibex at top of handlebar
Case 2: 30 grams on the top; 30 grams on top + 20 grams on each leg
Figure 5 displays the fast Fourier transform (FFT) of the data collected.

Figure 5. FFT of all sensors during operation of the lawn mower engine – comparison without Vibex, with
70 grams of Vibex at the legs and 70 grams of Vibex at the legs +35 grams at the top

It can again be seen that the data tends to show that the 30 grams on top and 20 grams on the legs seems to
work best in a running configuration also. But there are numerous harmonics and at some frequencies
Vibex seems to increase the amplitude level. As previously noted, this could be near a resonance condition
of the system and hence the amplitude increases.
The tests in configuration 2 indicate less reduction than those from test configuration 1. However, a
comparison between the two configurations must be done with the awareness that the two are different
(impact of a hanging bar versus engine excitation of an installed bar). Since the two configurations
represent two different boundary conditions for the handle bar, different response natural frequencies can
be expected in the two tests. Moreover, the engine excitation was likely to be periodic with harmonics,
exciting the bar at the frequencies of excitation. In the case, more frequencies were excited in the engineexcited mower-mounted handle bars.

Summary:
• VIBEX reduces the vibration in the handle bar during impact testing significantly.
• VIBEX reduces the handle bar natural frequencies due to its added mass.
• More study is underway for interpreting results from continuous excitation tests
• Optimization of weight and location would need study of the properties of the damping gel as well.
Crude methods employed thus far seem to suggest that 70 grams in total is a good way forward.
• Further testing on optimization studies will be more detailed and will study in isolation amount and
location of Vibex for the MTD lawnmower system.
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 on the hanging supports that sometimes occurs during impact testing and
corresponds to peaks at lower frequencies that can be ignored.
• The tests were plotted for frequencies less than 500 Hz. Higher frequencies can be examined if
desired.
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