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Abstract-The Vibration characteristics of structural alloy steels play a key role in structural industries such as aerospace, 

automotive, machine tools and marine industries. Many researchers have been done in this field to suppress vibration and 

to reduce the mechanical failures. The objective of this work is to determine and analyze the effects of helically arranged 

unconstrained layer with visco-elastomer patches over steel beams of different cross-section for improved free vibration 

characteristics. Carbon steel specimens of basic shapes like I and channel sections were considered and machined with 

uniform cross-sectional area of 384mm
2
, height to width ratio of 1.3 is maintained, and moment of inertia. Synthetic 

viscoelastic urethane polymer (Sorbothane Duro50) rubber patches obtained by mixing polyol and isocyanate was chosen 

for damping treatment due to its high vibration absorbing capacity and placed over the beams in helix form. The 

structural beams were subjected to impulse frequency response test under cantilever boundary conditions for free 

vibration test. Vibration response was measured using a piezoelectric transducer and recorded using computer controlled 

data acquisition system by using software RT-Pro
®
. The modal shapes and their resonant frequencies were compared and 

discussed along with the damping performance for the two beams. The deformed mode shapes observed using 

MEscopeVES
®
 were discussed. The influence of the cross sectional shapes over free vibration characteristics for helically 

arranged elastomer patches were discussed and analyzed.  

Keywords -Damping treatment, elastomer materials, cross sectional shapes, free vibration, modal analysis, resonant 

frequency. 

1. INTRODUCTION 

Unconstrained viscoelastic layers were widely used as a passive means to damp the vibration of structures. Damping 

material has become more common in order to reduce vibrations and arising from local deformation modes of 

engine components like oil pans, front covers, valve covers, air intake manifolds, etc ., The high damping capacities 

of structures with unconstrained damping layer are mostly due to shear deformation of viscoelastic materials. When 

the base structure vibrates in bending the viscoelastic layer will be subjected to a large shear deformation resulting 

in conversion of kinetic energy into heat. The study of vibration and damping in structures with added damping 
treatment has also been of interest to many researchers. Markus [1] used the unconstrained passive damping 

treatments to damp the vibrations of thin cylindrical shell. Pan [2] studied the axisymmetric vibration of a finite 

length cylindrical shell with a viscoelastic core. Alam and Asnani [3, 4] considered the vibration and damping 

analysis of a general multilayered cylindrical shell having an arbitrary number of orthotropic material layers and 

viscoelastic layers. The vibration of cylindrical shells with constrained damping layer has received attention from 

many researchers [5–9]. Chen and Huang investigated the damping effects of passive constrained layer damping 

(PCLD) treatment of strip type along longitudinal [10] and along circumference [11] directions. Vibration and 

damping analyses of isotropic and orthotropic cylindrical shells with constrained damping layer were carried out by 

Ramesh and Ganesh [12]. They adopted the finite element method based on discrete layer theory to discuss the cases 

that the two faces are of equal thickness. Wang and Chen [13] discussed the damping of orthotropic cylindrical 

shells with a partially passive constrained damping layer. This paper presents studies on the damping of beams that 

are partially covered with passive viscoelastic patches. It investigates the effectiveness of partial covering of patches 
in helix form as a treatment option in damping applications. 
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2. MACHINING OF STEEL BEAMS OF VARIOUS CROSS-SECTIONAL SHAPES:  

The beams were machined using MS bright steel with carbon content of nearly 0.2%. These beams have uniform 

cross-sectional area, same height to width ratio, and moment of inertia in considering the shape efficiency of beams. 

In fabrication, the length of the beam with an allowable dimension of 400±2mm was set. For sectional height and 

width of 32 and 24 mm, respectively, the closest tolerance of ±0.5mm was set. The actual dimension of machined 

beam was measured at various places over the beam by dial Vernier caliper (Table1).Machined structural steel 

beams made up of basic shapes I and channel cross section are shown in Figure 1. 

Table 1 reveals that the actual dimension of specimen machined is well within the allowable dimension preferred in 

machining. There is only minimal variation in the weight and moment of inertia among the specimens due to the 

marginal change of dimension in machining as stated in Table1. 

Table I. The dimensions of machined structural steel beam measured. 

Sections Height H(mm) Width B(mm) 

Thickness (mm) Inertia 

(mm4) Flange Web 

I 32.15 24.4 3.9 8.1 47958.47 

Channel 32.3 23.8 4.25 8.3 49421.58 

 

3. ESTABLISHMENT OF ELASTOMER BASED LAYER ARRANGED OVER BEAM: 

Helix is a curve in three dimensional space where a tangential line makes a constant helix angle with the axis. The 

concept of helix (symmetry) can be visualized as the tracing in three-dimensional space that results from rotating an 

object at a constant angular speed while simultaneously translating at a constant linear speed along its axis of 

rotation. This concept is tested for its application in vibration and analyzes its damping performance. The shape of a 

helix was inspired from screw threads, spiral ramps, helical springs etc. and the path of a helix was used to trace the 

position of Sorbothane Duro 50 viscoelastomer patches on the structural beams. The beams were assumed to be a 

cylinder with a central axis upon which an imaginary path of helix was traced with a restriction on the number of 

turns. For seven turns of helix over a free length of 300 mm in the structural beams of I and C sections the pitch 

value was found to be 42.85 mm. Systematic arrangement of helix was given below in figure 1 and 2.          

                            Pitch= Free length/No. of turns = 300/7 = 42.857 mm 

http://en.wikipedia.org/wiki/Angular_speed
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The elastomer Sorbothane Duro 50 patches were positioned for every 270 degrees rotation of the imaginary helix. 

The spacing between centers of each patch was found according to the polar coordinate system. 

                               Spacing between each patch = Pitch *(270/360) = 32.14 mm 

The center of the first patch was arbitrarily chosen to be 25 mm from the free end of the beam in cantilever 

boundary condition and was placed on top flange face of the I beam and C beam. The successive patches were 

placed at intervals of 32.14 mm at 270 degree rotation of the imaginary helix. Second patch is placed on the left face 

of the web and the third patches placed on the bottom face of the flange on I beam as shown in figure 3. The patch 

arrangement was similarly done for C beam. The aim of the paper is to show the efficacy of the helical arrangement 

of patches and not their geometry. For simplicity we consider circular patches which minimize the number of 

geometrical characteristics of the patches. The patches were bonded to the steel beams with Gorilla Super Glue as it 

is Impact-Tough it stands up to wear and tear unlike any other instant glue. 

 

 

The total surface area (T.S.A) of both the structural beams was the same and found to be 58368 mm2.The 

viscoelastic damping material area of coverage was restricted to 20% of the T.S.A of the beams which is 11520 

mm2. For 10 circular patches with a thickness of 3.17 mm the diameter was found to be 24.28 mm. 

Figure .3.Circular helically arranged Sorbothane Duro 50 patches on I and C beams. 

Elastomer patches 

Figure 1, 2.Shows the front and isometric 

views of 3D model in Cero Parametric 2.0 to 

identify the patch points on the beam. The 

pitch is found to be 32.14mm. 
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4. EXPERIMENTAL FREE VIBRATION TESTING OF BEAMS:  

Impulse frequency response test method was used to determine the vibration damping measurement of the structural 

beams of I and Channel sections in cantilever boundary condition. A small impulse force is given to the beam by 

means of an  impulse hammer(Dytron model 5800B3).A piezoelectric accelerometer(Dytron model 3055B2)  placed 

on the specimen sense the disturbance and proportionally converts is it to analogue output signal. The amplitude as a 

function of frequency (Frequency response spectrum) is acquired by data acquisition system(Dytron model Photon 

200) and recorded using RT-PRO® software which is further processed to find the first natural frequency, 

successive resonance peaks and their respective damping factors. A minimal of three test trials was taken to check 

the conformity in the pattern of vibration response. Figure 2 shows the steel beam mounted on a cantilever fixture. 

Frequency response test was conducted for I and Channel section without patches and with polyurethane elastomer 

rubber patches. The elastomer used for this investigation is Sorbothane 50D (D-durometer). It is the brand name of a 

synthetic viscoelastic urethane polymer used as a shock absorber and vibration damper. It exhibits properties of both 

liquids (viscous solutions) and solids (elastic materials), with a relaxation time of two seconds.  

 

 

 

 

 

5. EXTRACTION OF MODE SHAPES OF BEAMS BY EXPERIMENTATION: 

To find out the modal parameters, similar experiments were carried out repeatedly by changing the position of 

accelerometer along the length of the specimen at an equal interval of 50 mm as shown in Figure 3. Figure 4 shows 

the position of Beam cross section placed in fixing its ends at fixture for conducting tests at cantilever and fixed end 

conditions. For the beams with unconstrained layer damping, first patch is placed at 25mm from one end .so the 

4 

1 3 

2 

http://en.wikipedia.org/wiki/Viscoelasticity
http://en.wikipedia.org/wiki/Polyurethane
http://en.wikipedia.org/wiki/Shock_absorber
http://en.wikipedia.org/wiki/Viscous
http://en.wikipedia.org/wiki/Elastomer
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position of accelerometer along the length of the specimen is placed at an equal interval of 42 mm. Beams were 

modeled in modal analysis software (MEscopeVES®), and frequency response function attained at various positions 

of the beam were mapped to respective points as an input to obtain mode shapes. Cumulative frequency response 

function of channel beam with and without patches under cantilever end condition is shown in Figure 5. The modal 

shapes and corresponding modal frequencies were evaluated by MEscopeVES® through interpolation technique. 

6.  RESULTS AND DISCUSSION 

6.1. Untreated Steel beams:  

Table II shows the amplitude variation in successive resonance peaks for channel and I cross-sectional; beams. 

Among these beams, I beam shows lesser amplitude and good damping capacity in percentage when compared with 

the other beam. Figure 6 and 7 shows acquired FRF graph in cantilever condition of tested beams. Comparing the 

spectrum patterns of cantilever condition of two different beam shapes shows energy dissipation behavior under 

flexural vibration encourages the damping capacity of the beams. This variation in damping capacity among the 

tested beams is mainly due to position of centroid and shear center of I and channel cross-section. Table II. The 

Modal values of transverse shape modes for considered boundary conditions at 1st point. 

 

 

 

 

Table II: Variation in amplitude and damping from successive resonance peaks  

SECTIONS 
MODAL 

PARAMETER 

CANTILEVER CONDITION 

1st Mode 2nd Mode 3rd Mode 

I 

Frequency 77.5 970 2845 

Amplitude 0.1070 1.4576 1.2925 

Damping 9.55 2.54 1.75 

Channel 

Frequency 77.5 890 2167 

Amplitude 0.1423 3.8414 2.5809 

Damping 9.3 1.29 1.95 

6.2. Treated Steel beams using elastomer patches: 

The amplitude of vibration is reduced with unconstrained layer damping in both the beams at successive resonance 

peaks is shown in FRF. The cumulative spectrum obtained from MEscopeVES indicates effective damping was 

attained for beam with helical arrangement of patches. Table III shows the damping variation of beams for with and 

without passive damping treatment. The results shows that there is effective damping for I beam whereas Channel 

sectional beam shows significant increase in damping percentage in 2nd and 3rd modes of vibration. 

Table III. Modal values of transverse modes of considered I and Channel beams with and without patches 
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(Hz) 

Damping 

(%) 

1 77.5 9.41 77.5 9.55 77.5 8.8 77.5 9.3 

2 958 3.87 970 2.54 889 2.28 890 1.29 

3 2520 5.82 2845 1.75 2150 2.76 2167 1.95 

 

 

      

 

 

 7. MODAL ANALYSIS OF BEAM 

The modal shapes for the corresponding resonant sets were modeled using MEscopeVES® by modeling and meshing 

an I and channel section. I and Channel section beams were constrained in cantilever form and modal analysis was 

performed in MEscopeVES®                                                                                                  
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Figure 6 Frequency response spectrum of I beam with 

and without rubber patches.             

Figure 7 Frequency response spectrum of channel beam 

with and without rubber patches 
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The modal shapes captured for corresponding resonant set reveal that the deformation mode was simple transverse 

bending, and the increased node in deformation was achieved at successive resonance frequency. I beam exhibited 

modified resonance frequency with high damping capacity with respect to channel beam with and without passive 

damping treatment. Attaining higher frequency with limiting node in free vibration response was reported as a 

fundamental attribute for better dynamic stability. [14]. The Channel beam exhibit more reduction in amplitude with 

helical arrangement of patches when compared with I beam. Ke-xiang et al. [15] also state that the beam having shift 

in natural frequencies toward the higher ones with decrease in vibration amplitudes has a better vibration 

suppression capability. This confirms and reveals the better dynamic stability of I and Channel beam apart from its 

increased damping capacity at the boundary conditions. Figure 8 shows the variation in modal shapes observed at 

successive resonant frequency and its corresponding increased node in deformation of the I section at cantilever 

condition. Figures 9 shows the variation in modal shapes observed at successive resonant frequency and its 

corresponding increased node in deformation of the channel section at cantilever condition with elastomer patches. 

8. CONCLUSION 

Impulse frequency response test conducted over the structural beams for I and Channel shapes with and without 

unconstrained elastomer layer. Results reveal that the effective damping is introduced with the influence of helically 

arrangement of elastomer patches. Damping efficiency of I shaped beam is higher under tested conditions with 

passive damping treatment in comparison with channel beam. Reduction in amplitude in the frequency response 

spectrum shows the influence of passive damping treatment for both I and channel beams. Modal analysis acquired 

Figure 8.Deformed mode shapes of  I beam in cantilever arrangement showing variation without patches. a) Modal 

shape of first resonant frequency shows maximum deviation with no node at 77.5Hz.b) Modal shape of second 

resonant frequency shows deviation with one  node at 958Hz .c) Modal shape of third resonant frequency  shows 

deviation with two node at2520Hz. 

Figure 9.Deformed mode shapes of C beam with patches in cantilever arrangement showing variation in the 

deformation and node. a) Modal shape of first resonant frequency shows maximum deviation with no node at 

77.5Hz.b) Modal shape of second resonant frequency shows deviation with one  node at 889Hz .c) Modal shape of 

third resonant frequency  shows maximum deviation with two node at 2150Hz. 
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through experiments clearly shows that shape variation causes modified deformation behavior at successive 

resonance set. This variation in amplitude and effective damping response from Modal analysis confirms the 

influence of the helical arrangement of elastomeric patches. 
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