International Journal of Technical Research and Applications e-ISSN: 2320-8163,

www.ijtra.com Volume 4, Issue 4 (July-Aug, 2016), PP. 82-85

DAMPING ANALYSIS OF IMPACT DAMPER
FOR FORCED TRANSVERSE VIBRATION

D. J. Chaudhari?, V. L. Firake ?
L2Mechanical Engineering Department,
J. T. Mahajan College of Engineering Faizpur, India
c_dipak@yahoo.com

Abstract— It is well known fact that impact damper is effective
to reduce the vibration amplitude. Two different paths are
followed for the analysis of dashpot. In the first path, the concept
of coefficient of restitution is used assuming two impacts per
cycle symmetrically. In the other path impact forces are split
assuming periodic impacts into harmonic functions through
Fourier series expansion. The main concept of vibration analysis
of impact damper is based on impact duration & impact interval.
Study of impact damper is essential to reduce the amplitude of
vibration so that the structure can be safe against vibration
hazards. Mostly researchers adopt duration of contact to be zero.
There is no experimental analysis available for the same. So, in
this study attempt is made to set up the experiment to determine
the characteristic of different parameters of impact damper for
the case of periodic steady state vibration. For the
experimentation forced vibration is created by unbalance
rotating masses. Experimental outputs were studied on Digital
Storage Oscilloscope, (DSO). In this paper first experimental set
up is explained and in later part effect of speed, clearance and
mass ratio on impact interval is explained.

Index terms-Dashpot (damper); forced vibration; Optimum
clearance; mass ratio.

|. INTRODUCTION

Impact damping is a type of particle damping, in
which energy is dissipated due to impact between the particles.
An impact damper consists of a mass freely moving inside a
cavity of the main vibrating system. It is used to reduce the
amplitude of vibration of the main system either for the steady
state periodic motion or for the transient vibration of the main
system. Its effectiveness is now accepted and depends on the
mass of the damper, clearance and amplitude of the motion.

The cases of failures of structures and machines due to
different types of loads motivate further research on how to
reduce the vibration. The effect may be expressed in terms of
different vibration levels which cause fatigue failure of
machine parts subjected to cyclic loadings. In order to suppress
chatter vibration and to improve the stability, many types of
dampers have been used, and viscous materials and frictional
force in contacting parts have been utilized. An effective
reduction of the excessive oscillations can be obtained by the
well- known tuned mass damper. This type of damper is
successfully used in several civil engineering structures where
viscous damping of tuned mass dampers is used with different
hydraulic mechanisms. The impact damper is usually a mass

placed inside the structure and holds a small clearance to the
structure. There is not yet any experimental setup mentioned to
find out whether the impacts are equally or unequally spaced
and what are the numbers of impacts per cycle.

M.M Sadek [1] assumed two un—equi-spaced impacts per
cyclein the steady state and resolved the impact forces into
harmonic forces by use of Fourier series on the assumption that
the impact duration is nearly zero and thus found out the
amplitude of steady state vibration through the concept of
conservation of momentum. He concluded that two equispaced
impacts are not possible for the efficient behavior of impact
damper. All other authors have assumed two equi-spaced
impacts and analyzed the system using the concept of
coefficient of restitution.

S F Masri [2] analyzed the motion of the primary system
for the number of impact dampers in parallel by assuming the
system as a piecewise linear process. He showed that the
system is stable if modulus of all Eigen values of a certain
matrix is less than unity. Grubin [3] assumed a steady state and
a linear system and expanded. the motion between impacts into
second order polynomials irrespective of damper parameters.
Cheng and Weng [4] discussed the behaviors of a resilient
impact damper in free damped vibration. The results show that
the clearance between two masses in an effective impact
damper is smaller than twice the initial displacement of the
main mass in the vibration system if the system is simulated by
an initial displacement only. Jianlian Cheng and HuiXu [5]
investigated the behaviors of vibration system suppressed with
an impact damper where the impact damper is simplified as a
combination of spring and viscous damping. The results clearly
show that the reduction of vibration response does not depend
on the number of impacts, but primarily on the collision that
occurs while the impact mass and main mass are moving
towards each other. Peterka Frantisek [6] examined the
dynamics of impact dampers using analogue computer
simulation which consists of small mass which can decrease
resonance amplitudes of vibrating system due to mutually
impact interactions. He concluded that the system wholly
eliminates the main resonance amplitudes of the fundamental
vibrating system with one degree of freedom system owing to
the addition of damper. Fred Akl [7] performed multiple linear
regression analysis using Stat View software. From the
numerous tests conducted, it was observed that in order for the
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damper to be active the test structure should be driven at a
certain level of excitation necessary to overcome friction
between the damper and guide rods on which it travels. He
concluded that impact dampers are effective in increasing
damping ratio of lightly damped flexible structures which
attributes to the impulse and momentum equation of the test
structure. K. Li, A.P.Darby [8] investigated the impact damper
which is a freely moving mass. He concluded that the buffered
impact damper is less sensitive to variation of excitation type
and clearance and mass parameters of the damper itself, and
results in quicker attenuation in the free vibration response. A
higher coefficient of restitution given by elastic buffered
impact damper results in higher impulse momentum and
increased transfer of kinetic energy from the structure to the
damper mass. E- DehganNiri and SM. Zahrai [9] studied the
performance of a single conventional impact damper in both
wide range frequency and resonance excitations. He concluded
that larger the coefficient of restitution, the more efficient and
reliable is the impact damper. Satoshi Ema, Etsuo Marui [10]
developed an impact damper to improve the damping
capability of long, thin cutting tools, such as drills or boring
tools. It was concluded that frequency of a vibratory system
with an impact damper is approximately decided by the natural
frequency of the system and mass ratio. These assumptions
need to be further investigated. Hence, an experimental setup is
designed to analyse the differences between the assumptions of
researchers in this area.

I1. EXPERIMENTAL SETUP

DAMPER
MAIN PLATE sLoT

=

DSO

DAMPER

Fig.1: Schematic block diagram of damper connection

The primary objective of this work is to find out impact
duration and impact interval of the dampers. The effect of
clearance on amplitude, effect of mass ratio on optimum
clearance and effect of damping coefficient on clearance is also
seen by plotting graphs between them. Also the results are
supported by numerical analysis in ADAMS software by
simulating the model in it. As we know that the 3 regions in
vibrations are of utmost important that is at resonance, below
resonance and above resonance. So keeping this in mind, the
resonance speed is selected at 600 rpm. After selecting the
resonance speed, the dimensions of the main plate and
cantilever plate are calculated. Experimentally, the resonance
speed is observed at500 rpm. The setup consists of a base plate
welded to the free end of a cantilever beam. The beam has a
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very high stiffness in vertical direction as compared to its
stiffness in the horizontal direction. A DC motor with speed
range from 0 to 1500 rpm of 0.5 HP is mounted on the plate
with a converter and a dimmerstat to vary the speed. The motor
is connected to a flexible coupling to take care of the
misalignment between the gear and the motor. Two spur gears
are then used for speed reduction on two different shafts. One
gear is on the same shaft on which motor is attached and those
spur gears are then coupled with two roller disks having
eccentric masses placed diametrically opposite to each other. If
we want more than one impact in one cycle, then the vibratory
displacement should be more. The horizontal force can be
developed by taking help of centrifugal force so that we need
to develop thrust in the direction of motion. This is possible by
taking two roller disks with eccentric masses having eccentric
mass at diametrically opposite position in such a way that the
vertical forces balances each other and we get a resultant
horizontal force of twice the amplitude of the centrifugal force.
The free mass will slide in a slot in the direction of motion
which has a low friction. In Fig. 1, the thick line block is the
rectangular slot which is covered with acrylic plate for the
circuit purpose and the light line block is the damper which is
placed in the slot. The damper strikes the slot on both sides
when the vibration occurs. Readings are being taken on Digital
Storage Oscilloscope (DSO) attached to one end of the battery.
Since the motor speed range is from 200 rpm to 1800 rpm, at
least 5 readings above resonance and 5 readings below
resonance have been taken. The natural frequency of the
system is at 500 rpm. on = 8.33 Hz

Data: Total mass of the system = 16.45 kg, Eccentric disc
outer Diameter = 46 mm, Thickness of Disc t = 12 mm,
Eccentricity r = Distance from centre of disc to centre of
eccentric hole = 14 mm, Eccentric hole diameter = 12 mm
Readings have been taken on four dampers which are 3
percent, 2 percent, 1 percent and 0.6 percent of the main mass.
For every damper mass and at varying rpm, clearance has been
changed from 0.08 mm to 1.12 mm at a gap of 0.08 mm and
readings have been taken on DSO and variations of clearance
and amplitude have been plotted.

ﬁF_ig. 2: Experimental set up
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I1l. OBSERVATIONS AND INTERPRETATION

The following results are observed during experimentation
of the damper which is 3 percent of the main mass where
amplitude ratio is defined as the ratio of amplitude with
damper to amplitude without damper expressed in percentage.
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Fig 4: Variation of Amplitude Ratio with clearance of
damper mass (492 grams) 3 percent of main mass for
450, 500, 530 rpm.

In the above graph amplitude ratio is sensitive above
resonance and it is least sensitive below resonance because
below resonance amplitude is less as compared to resonance
and above resonance.
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Fig 5: Variation Impact Duration with rpm of damper
mass (492 grms) 3 percent of main mass for various
clearances.
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For the system under consideration, without any
damper its amplitude is likely to be as follows:

450 rpm H=768% 10 mm
230 rpm X =01368 mm
For “—=0.99 X =09 mm

“n
For =101 X =0%mm

Below 450 rpm, X will be less than 0.05 mm while above 530
rpm, X will be nearly 0.1 mm. Thus below 450 rpm, the main
system has very little energy to drive the damper while above
530 rpm it has a constant energy which is still small. Only in
the resonance region, the main system has amplitude which is
nearly 1 mm. These amplitudes should be compared with the
clearance values.

IV. CONCLUSIONS

As seen from the graphs, at resonance 12 impacts occur in
one cycle of impact damper. One cycle means the theoretical
time duration at a particular rpm for which the impact occurs.
Below resonance 16 impacts occur in one cycle of impact
damper. At low rpm, 20 impacts occur in one cycle of impact
damper. Above resonance, 9 impacts occur in one cycle of
impact damper. At high speeds, 4 impacts occur in one cycle of
impact damper. Impact duration at resonance is not more than
20 milliseconds. Above and below resonance impact duration
does not exceed 25 milliseconds. At very high and very low
speeds impacts do not occur. As the clearance increases impact
duration decreases. The clearance at which minimum
amplitude is observed is called as optimum clearance. As the
damper mass decreases, optimum clearance goes on increasing
and optimum clearance is found to be at 0.32 mm for 492
grams damper,0.4 mm for 324 grams damper, 0.48 mm for 214
grams damper and 0.72 mm for 99.3 grams damper.
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