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Abstract 

High cycle fatigue (HCF) caused by the vibratory stresses is the main cause of failure in 

rotating machine components, e.g. aircraft engine and gas turbine components. Which has lead to 

loss of millions of dollars. To avoid these kind of failures, vibrations must be reduced to an 

acceptable level, especially at resonant frequencies. A lot of previous studies have shown that 

coatings of different materials can significantly reduce these vibratory stresses by adding 

damping to the system. These include viscoelastic materials, plasma graded coatings, 

piezoelectric materials, and magneto-mechanical damping material coatings. But some of these 

have applicability and performance issues. Among these thin coatings, magneto-mechanical 

materials have shown to reduce vibratory stresses significantly. In this study, improvement in 

damping characteristics have been explored under different thicknesses of the 

magnetomechanical coatings. The effect of different structure thicknesses under same magneto-

mechanical coating of 200μm is also studied. The experimental results are validated by 

numerical results by performing FEA analysis in MSC NASTRAN. The results show, increase in 

damping of the system by increasing the thickness of the magnetomechanical coating. And the 

magneto-mechanical coating of 200μm gives the best damping properties when applied to thin 

structure as compared to thick structures.  

 

Key Words: High cycle fatigue, Vibratory Stresses, Magneto-mechanical material coating. 
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CHAPTER 1 : INTRODUCTION 

1.1 Background, Scope and Motivation 

Most of the modern load carrying rotating machines (e.g. gas turbines and aircraft engine 

components) operate under severe loading conditions, and high cycle fatigue is the most 

common source of failure in these equipment. To avoid this, lifetime failure free criteria design 

by Goodman diagram or minor’s rule is adopted. But, in reality these components often fail 

under severe operating conditions, because the design of these components doesn’t take into 

account the degradation of material, scatter in experimental test data and uncertainties in actual 

loads. As a consequence, a number of failures have occurred especially in blading system of 

aircraft engines and these failures have resulted in loss of equipment worth millions of dollars.  

High cycle fatigue causes blade failures, which increases inspection and maintenance 

costs and decreases operational readiness. The failure due to HCF occurs due to large vibratory 

stresses induced at resonance frequencies of the blades. The blades are designed such that their 

operational frequency don’t match with their natural frequencies, but resonance can’t be avoided 

at startups and shutdowns, because blades have to pass through natural frequencies to reach 

operational speed. Additionally as the aerodynamic loading varies during flight, and some of the 

aerodynamic loads can excite the blades at their natural frequencies.  To avoid fatigue failures, 

we have to attenuate the maximum vibratory stresses at resonance to an acceptable level at 

resonance.  

Adding damping to the system has been the most successful method of vibration 

suppression, different methods have been used by investigators to provide extra damping through 

blade dampers [1]. However, these dampers have some limitations in real world applications 

because they reduce vibrations by using motion of the components relative to each other, which 

causes energy dissipation through friction. Therefore, these dampers work effectively only for 

high displacements under low frequency vibration modes, and are not that effective for high 

frequency modes for which displacements are relatively small, especially in high stripe modes, 

where displacements are very small near the blade base. Additionally, as new blade designs don’t 

have shrouds to improve their aerodynamics, so installation of these friction dampers is also a 

problem.  
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Due to negligible friction and aerodynamic damping at high frequency modes, most of 

the damping has to be provided by material damping. Numerous techniques have been used so 

far to increase material damping of the system. For example, viscoelastic damping materials 

have been integrated into rotating blades to reduce vibratory stresses under high frequency 

modes [2,3]. These viscoelastic materials are integrated by inserting their patches into milled 

cavities, and then sealing the cavities with cover sheet to restore the original airfoil contour. The 

damping is achieved by high internal friction of the viscoelastic material. However, this internal 

layer constrained damping method is not used widely, because the viscoelastic material creeps 

under high vibratory loads, and it also has temperature limitations. 

Another damping method was introduced by Hoffman [4], this method uses three types of 

electromagnets embedded near the tip of the blade. These electromagnets are controlled and 

powered by an electronics module. These electromagnets are turned on when system is passing 

through a resonance frequency, the damping is achieved by dissipation of energy through eddy 

current caused by the magnetic fields introduced by electromagnets. This method has same 

manufacturing and temperature limitations as viscoelastic dampers. 

From practical point of view, a high damping surface coating layer method is most 

suitable for vibration suppression. For this purpose, several materials, for example molybdenum, 

magnesium aluminate, and Hastelloy-X have been used as graded plasma coatings to accomplish 

high structural damping [5]. The coating has an outermost layer of an oxide ceramic, a middle 

layer made from a combination of one of the above mentioned alloys, and a material forming the 

upper layer. However, use of these plasma graded coatings is still not tested under high 

temperature and high frequency modes.  

Some other damping techniques such as shunted piezoelectric damping, plasma sprayed 

ceramic coatings, self-tuning impact dampers and shape memory alloys have been used by 

researchers to suppress vibrations. But due to extreme engine environments, implementation of 

these methods is difficult, and they are yet to be employed in real aircraft engines. 

The most effective and practical coating for vibration suppression is magnetomechanical 

coating, and it has been used by many researchers to control vibrations. 
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1.1.1 Magnetomechanical Damping 

Magnetomechanical damping is produced by the irreversible rotation of the magnetic 

domain walls, caused by the stresses, against internal stress barrier of the material [6]. Domain 

theory [7] explains that ferromagnetic materials are made up of randomly oriented magnetic 

domains when it’s in un-magnetized state. When external loading is applied, these domain walls 

of magnetic material move and try to line up in the direction of strain or stress, which in turn 

causes a higher magnetic field. And upon removal, the magnetic domain walls reorient 

themselves by rotating to a configuration with a lower magnetic field strength. This motion of 

domain walls causes magnetostrictive strain, and during this motion, energy of applied loading is 

lost over time, which causes vibration damping. 

1.1.2 Mathematical Modeling of Magnetomechanical Damping 

Smith and Birchak [8] linked the critical stress with average internal stress opposing the 

motion of magnetic domain boundaries.  They distributed energy density dissipation per cycle in 

two different stress ranges: 

ΔUc =
Kλσ3

σ𝑙𝑜𝑐
2   if   σ < σcr   (1.1) 

ΔUc = Kλσ𝑙𝑜𝑐
   if   σ > σcr   (1.2) 

Where K is a constant which depends on the profile of hysteresis loop, 𝜆 is 

magnetostriction at saturation, σ is vibratory stress, σ𝑙𝑜𝑐 is internal local stress barrier, and 𝜎𝑐𝑟 is 

the stress when the irreversible rotation of magnetic domain walls is saturated. 

From Equations 1.1 and 1.2, the energy dissipation continually increases with increase in 

vibratory stress as K, σ𝑙𝑜𝑐 and 𝜆 are constants. However, it becomes constant after reaching a 

saturation point, which tells us that the magnetic domains have achieved their maximum possible 

magnetic field strength. To sum up the individual contributions from these two different regions, 

a probabilistic distribution function is given as follows: 

N (𝜎) = (
4

𝜎𝑖
2)σ𝑒 

−2𝜎

𝜎𝑖       (1.3) 

By using this function, smith and birchak [9] remodeled the energy dissipation functions 

given in equations 1.1 and 1.2 to formulate a single energy dissipation density function as: 

Δ𝑈𝑐 = Kλ𝜎𝑖 {1 − 𝑒−2𝑠(1 + 2𝑠 + 2𝑠2)}   (1.4) 

Where σi is the average internal stress, and s is defined as 
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𝑠 = 
𝜎

𝜎𝑖
 =  

𝜀

𝜀𝑖
             (1.5) 

The lost factor of the coating is given by the following expression: 

ƞ𝑐 = 
ΔU𝑐

2π𝑈𝑐
       (1.6)   

Because strain energy is 

𝑈𝑐 =  
𝜎2

2𝐸
       (1.7) 

So the loss factor can be defined as: 

ƞ𝑐 =
KλE

π𝜎𝑖𝑠2
{1 − 𝑒−2𝑠(1 + 2𝑠 + 2𝑠2)}   (1.8) 

Where Uc is vibratory energy density. Equation 1.8 shows that loss factor does not 

depend on the vibration frequency.  
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CHAPTER 2 : LITERATURE REVIEW 

 

B. J. Lazan [10] explained in his work that why study of vibrations near resonance is 

important, and why damping is needed to control these vibrations. He classified different types 

of vibration damping, but his main focus was on structural and hysteretic damping. He also 

investigated different factors which affect the damping characteristics and how these methods 

can be improved. He developed analytical techniques and proposed design optimizations to 

improve shear damping for interface adhesive. 

D. Kroisová [11] in his work investigated the damping characteristics of a specific type 

of composite material known as particulate-epoxy composites. These composite materials can be 

used as passive dampers. He investigated the effect of reinforcement by silicon dioxide and lead 

on the damping properties (i.e. damping capacity). He also investigated the effect of volume 

fraction of these reinforcements. He used photoelectric technique for deflection measurement. 

C. Hirunyapruk, B.R. Mace and M.J. Brennan [12] in their work, developed an adjustable 

damper known as Magneto-Rheological Fluid damper. Sometimes the natural frequency 

changes, and drifts from the excitation frequency of adaptive tuned vibration absorber, and 

AVTA has to be retuned, so that its excitation and natural frequencies coincide. They solved this 

problem by adjusting the stiffness. They proposed a three layer AVTA, in which central layer 

consists of Magneto-Rheological (MR) fluid. This fluid changes its shear stiffness as the applied 

magnetic field is changed. They used a control system to control the magnetic field and hence 

the shear stiffness. 

Ion Pelinescu and Andrew Christie [13] investigated the damping characteristics of 

Liquid Applied Structural Dampers (LASD), which is a new special type of coating. They used 

these coatings to reduce the vibration and noise in automobiles. As modern automobile structures 

are lighter in weight, and require more sophisticated techniques of damping rather than the old 

conventional methods. This was the main motivation for their work on automobiles. They 

performed a number of experiments, initially on beams, and then they extended their work to real 

automobile structures. Their results show a significant increase in damping loss factor after 

application of LASD coatings. 

F. Ghezzo and X. Miao [14] worked to improve the damping properties of structures 

under impulsive or shock loadings. They used a composite coating of polyurea to reduce 
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vibrations, as this coating greatly improves the damping properties of the structures after its 

application. They also improved the coating material by changing its structure, by reinforcing the 

coating material with addition of ceramic particles and fibers. They performed their experiments 

after applying pure polyurea and reinforced polyurea coatings on steel plates, and then measured 

the damping properties, their results show that plates with reinforced polyurea exhibited better 

damping properties as compared to pure polyurea coated plates. 

Peter [15] used loss modulus as a damping property to compare the damping 

characteristics of different hard coatings on gas turbine blades. His results show that ceramics 

coatings have a strong dependence on amplitude of the vibrations, but they are not dependent on 

temperature or excitation frequency. His results indicate that metallic, bimetallic and metallic-

ceramic coatings shows significant damping when applied as thin coating layer as compared to 

ceramics, and have potential to be used in vibration suppression applications. He also compared 

the damping properties of air plasma sprays and electron beam vapor deposition coatings, his 

results indicate that APS shows a damping maximum, while EBPVD doesn’t show any such 

peak.  

Cochardt [7] proposed the domain theory, which describes that enhancement in damping 

in magneto-mechanical materials is through the internal friction caused by stress induced 

irreversible rotation of domain walls. Smith Birchak [8] improved the work of [7], they showed 

that the magnetomechanical damping is caused by stress driven irreversible rotation of magnetic 

domain boundaries. They linked the critical stress with the average internal stress opposing the 

domain boundary movement. They further extended this work in [9] and included the effects of 

magnetic field and applied stresses, and improved the accuracy of internal stress distribution 

function. 

Shen [16] performed experiment analysis on compressor and turbine blades and 

successfully confirmed the damping characteristics of magnetomechanical material coatings, 

both at room and high temperatures. He used two types of iron chromium based 

magnetomechanical coatings, Fe-Cr-Mo and Fe-Cr-Al. These coatings were applied by vapor 

deposition and air plasma spray techniques. He performed his experiments by producing 

vibratory stresses using dynamic shakers in blades and beams. While he used concentrated 

harmonic loads for his numerical analysis. His results show significant enhancement in damping 

parameters and decrease in vibratory stresses of coated blades as compared to uncoated blades. 
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S. Hussian [17] investigated the damping characteristics of nickel based magneto-

mechanical coating on cantilever steel beams by comparing vibration response of coated and 

uncoated beams, their results show significant improvement in vibration damping of the beams.  

Hsin-Yi Yen and M.S [18] worked to improve the durability and integrity of turbine 

blades. He observed that main reason of turbine blade failures is vibratory stress caused by 

aerodynamic loadings. These stresses can be reduced to an acceptable level by adding additional 

dampers or by increasing internal damping. He used Fe-Cr magneto-mechanical coating to 

improve the damping in turbine blades. In their experiments, they first used cantilever beam 

samples and determined their damping properties and vibratory stresses under loading. Then they 

applied magneto-mechanical coatings on these beams, and measured the damping properties and 

vibratory stresses of coated beams. Their results show a substantial enhancement in damping 

characteristics, and decrease in vibratory stresses in coated beams as compared to uncoated 

beams. They also performed FEM analysis, and then extended their FEM model for turbine 

blades. 

I. Aziz et al. [19] used numerically calculated aerodynamic loads on 1.5 stage axial 

turbine instead of concentrated structured loads to bring more reality to the problem. They 

applied these loads on coated and uncoated blades through a FEA package. Then they performed 

forced response analysis at natural frequencies to find vibratory stresses. Their results show 

significant reduction in vibratory stresses between uncoated and coated blades. 

S.H Raza [20] investigated the change in damping of cantilever beams under different 

magneto-mechanical coating thicknesses by using FEM analysis, their results showed that the 

damping increases by increasing coating thickness, but after a certain limit, the change in 

damping is very negligible and further increase in thickness of coatings doesn’t produce any 

substantial improvement in reduction of vibratory stresses. They also developed an empirical 

relationship to find optimal thickness of coating. 

N. Good, J. Dooley and B. Fultz [21] investigated the damping properties of 

ferromagnetic polycrystalline TbDy alloys. They used these alloys because they possess very 

high magnetostriction. Which means a large amount of energy is required to reorient their 

magnetic domain walls. This energy comes from the vibration energy, which leads to damping of 

the system. They used different composition of polycrystalline TbDy alloys as samples. The 

samples were in the form of cylindrical ingots. Then they measured the energy dissipation 
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caused by vibratory stresses by using hysteresis loop method. Their result show that 99.7% pure 

polycrystalline Tb76 Dy24 alloy exhibits the best damping/energy dissipation. 

K.B. Hathaway [22] investigated the giant magnetostriction alloy Terfenol-D for its 

magnetomechanical damping properties. They showed that for maximum damping at low 

amplitude stresses, materials should be selected with larger magnetostriction and small magneto-

crystalline anisotropy. While for high amplitude stresses, the largest damping capacities will 

occur in materials selected with larger magnetic anisotropies. Their results showed that by 

changing the material microstructure, the damping through purely elastic and eddy current 

mechanisms can be increased. 

D. W. Shoon and his colleagues [23] investigated the effect of changing the 

microstructure of a magnetomechanical alloy Fe-Al-Mn on its damping characteristics. They 

tried to find out the microstructure of Fe-6Al-25/34Mn alloys having the best damping 

characteristics. For this purpose they conducted various experiments on different 

microstructures. Their results show that the damping capacity increases with the degree of cold 

work, and it also depends on the volume fraction of ε martensite while it does not depend much 

on other phases i.e. α' and austenite (γ). 

Fuxing Yin and his colleagues [24] investigated the effect of nickel addition on damping 

properties of Mn-Cu alloys. They used three beams of alloys Mn30, Mn4Ni and Mn6Ni for their 

experiments. Then they excited these beams at different frequencies. The response of these 

frequencies was measured and damping capacity was calculated by this response. The maximum 

damping capacity was observed in Mn6Ni, which means that damping characteristics of Mn-Cu 

alloys can be increased by addition of Nickel. 

A. Karimi [25] found that Al (0-8%) and Mo (0-4%) addition is very beneficial in 

enhancing the damping capacity due to their smaller magnetic domain sizes, or smaller coercive 

forces present in these elements. Their results show an optimal chemical composition of 2-4% Al 

for Fe16%Cr-Al alloy. They also found that annealing the samples up to 1100°C greatly 

increases the damping capacity, because annealing decreases the internal stresses and increases 

the magnetostriction constant. 

V. F. Coronal [26] investigated the magnetomechanical damping in iron ingots, their 

results show that the magneto-mechanical damping is dependent on strain amplitude. The 
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damping increases with increase in strain amplitude till its maximum value, but further increase 

in strain decreases the damping. 

Xili Lu and his colleagues [27] investigated the effect of Cerium addition on damping 

characteristics of Cu-Al-Mn alloys. They used two different Cu-Al-Mn alloys in their 

experiments. They used cantilever beams made from these alloys, and measured their damping 

characteristics with different compositions. Their results show that the addition of Cerium refines 

the alloy grains, and improves the ductility and strength of the alloys. The damping capacity 

increases initially with the addition of Ce, and after reaching a maximum level, it decreases. 

They observed that the composition of (Cu83Al12Mn5) 99.95Ce0.05 has the best damping 

characteristics among these alloys. 

Renrong Lin and his colleagues [28] investigated the effect of Mn and Mo addition on the 

damping capacity of Fe-Cr-Al alloys. They used three beams with different material 

compositions, and measured the damping capacity of these alloys. Their results show that Fe-

12Cr-1Mn-6Al has the better damping capacity then other two alloys, which means that addition 

of Mn is beneficial for damping while addition of Mo has little or no effect on the damping 

properties.  

A. Karimi and colleagues [29] investigated the magnetomechanical damping in the 

plasma sprayed Fe-Cr based coatings, they used Fe-16%Cr-2%Al & Fe-16%Cr coatings on 

austenitic steel cantilever beams, the damping was measured for frequency range of 10Hz to 

10KHz and a strain range of 10-3 to 10-4. Their results show that damping capacity is dependent 

on strain amplitude, it increases to a maximum with increase in strain amplitude, and then it 

decreases to its initial values if strain amplitude is further increased. They also investigated the 

effect of excitation frequency on the damping capacity, and their results show that applied 

frequency does not affect the damping capacity significantly. They also investigated the impact 

of annealing on the vibration characteristics of the samples, their results show that annealing 

improves the damping capacity due to enhanced movement of domain walls and the creation of 

90o domains. 

R. C. Frank [30] investigated the magneto-mechanical damping in Iron-Silicon alloys, 

they experimented on iron-4% silicon wires with preferred orientation with direction of axis, 

their results showed even at low strain levels, there was extremely high magnetomechanical 

damping in a torsion pendulum. They also investigated the effect of static stress on damping, and 



 

10 
 

the results show that as the internal stress increases, the damping maximum moves to a higher 

strain values. 

J. T. A. Roberts [31] investigated the magneto-mechanical damping of pure nickel and 

20% Copper-Nickel alloy.  

B. A. Potekhin [32] investigated the effects of annealing on the damping characteristics 

of Ni and Cu based magnetomechanical coatings deposited on the structural steel, their results 

show that annealing increases the damping properties substantially. Annealing the specimens to 

1000°C for 2h completely recrystallizes the Ni and Cu coatings and enhances their deformability, 

which increases damping in these coatings. Their experiments also revealed that carburization of 

coating thickness significantly reduces the damping capacity. 
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CHAPTER 3 : EFFECT OF MAGNETOMECHANICAL COATING ON 

BEAMS OF DIFFERENT SIZES 

3.1 Experimental Work 

3.1.1 Objective: 

The objective of this work is to study the effect of 200μm magnetomechanical coating on 

beams of different thicknesses (2-3mm) on their damping properties. For this purpose mild steel 

beams were manufactured, and were mounted in cantilever position. Then their natural 

frequencies were determined using bump test. And their maximum displacements were 

determined by forced response at first natural frequencies. The damping ratios were found using 

logarithmic decrement method by comparing amplitude of peaks using time domain settings on 

vibration analyzer. Then the beams were coated with a Nickel-Aluminum based magneto-

mechanical coating of 200μm thickness using plasma arc method. After the coating, the 

experiments were repeated for coated beams, so that results can be compared with uncoated 

beams. 

3.1.2 Beams 

In accordance with ASTM standard E-576-93, Mild steel beams were machined having 

dimension 180mm x 10mm x t. Where t represents the thickness. There were 7 beams 

manufactured having thicknesses of 2, 2.1, 2.2, 2.3, 2.4, 2.5 and 3mm. The beams are shown in 

figure 3-1. And their physical properties are given in table 3-1. 

 

Table 3-1: Beam Properties 

Material Mild Steel (MS) 

Dimensions 180mm x 10mm x t 

Young’s Modulus 2 x 1011 Pa 

Poison’s Ratio 0.3 

Density 7850 Kg/m3 
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Figure 3-1: Beams manufactured for experimental analysis 

3.1.3 Coating 

The magnetomechanical coating of Ni3Al is used in this work, the chemical composition 

of the coating is given in table 3-2 

Table 3-2: Chemical Composition of Coating 

Coating Nickel based Alloy 

Nickel (Ni) 80 % 

Aluminum (Al) 20 % 

Cobalt (Co) 0.5% 

 

While the physical properties are given in table 3-3 

Table 3-3: Coating Material Properties 

Material Ni3Al 

Young’s Modulus 2.04 x 1011 Pa 

Poison’s Ratio 0.315 

Density 6900 Kg/m3 
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3.1.3.1 Coating Technique  

Plasma arc method was used to apply the coating on beams. The beams were chemically 

cleaned, and then were sand blasted for proper adhesion on the surface, and to avoid chipping off 

due to vibrations. In this work, coating thickness of 200μm was attained. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-2: Plasma Arc Coating method 

3.1.4 Natural Frequencies 

To find the natural frequencies of the beams, bump tests were conducted. In this method, 

the beams are clamped from one end and an accelerometer is mounted on the free end of the 

beam as shown in figure 3-3. The beams are then excited by hitting the beams near the free end 

of the beam. As the beams vibrate freely, they vibrate at their natural frequencies, which are then 

determined using the vibration analyzer. Only first 3 bending mode frequencies are determined 

in this work.  

Figure 3-3: Experimental setup for hammer tests 
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3.1.4.1 Instruments used 

Brüel & Kajer sensor shown in figure 3-4, was used as accelerometer in this analysis. The 

sensor was mounted at the free end of the beams. Sensor settings for the experiments are given in 

table 3-4.  

 

Table 3-4: Sensor Settings for determination of natural frequency  

Sensitivity 1.51pC/g 

Maximum frequency 26KHz 

Transverse sensitivity 3.8 % of Sensitivity 

Maximum continues sinusoidal 5000g peak 

 

 

Figure 3-4: Accelerometer (B&K-4374) 

 

 

Sensor’s output was connected to a charge amplifier. For these experiments, B&K 2626 

amplifier was used, which is shown in figure 3-5. Details of amplifier settings are shown in table   

3-5. 

Table 3-5: Charge Amplifier Settings for determination of natural frequency  

Sensitivity 1.51pC/g 

Minimum frequency 1Hz 

Maximum frequency 30KHz 
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Figure 3-5: Charge Amplifier B&K 2626 

 

The charge amplifier output was given to a vibration analyzer. Vibration Analyzer SD 

380 was used in these experiments, which is shown in figure 3-6. Before hammer test, following 

settings are made on analyzer as given in table 3-6. 

Table 3-6: Vibration Analyzer settings for determination of natural frequency  

 

Figure 3-6: Vibration Analyzer SD 380 

Mode of display Frequency domain 

Maximum Frequency 1-2K Hz  

Voltage 1V 
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3.1.4.2 Experimental Work 

After all the above mentioned settings, beams were mounted in cantilever position, and 

were excited by a hammer as shown in figure 3-7. The frequency upper limit was set to       

1KHz–2KHz to obtain natural frequencies. The numerical values of natural frequencies are given 

in table 3-7.  

Figure 3-7: Setup to find Natural Frequencies 

 

Table 3-7: Natural Frequencies of Beams 

 1st Natural Frequencies  2nd  Natural Frequencies  3rd  Natural Frequencies 

Beam 

Thickness 

(mm) 

Uncoated Coated 
Increase 

(%) 
Uncoated Coated 

Increase 

(%) 
Uncoated Coated 

Increase 

(%) 

2.0 48.75 53.75 10.3 266.25 307.00 15.3 762.50 881.25 15.6 

2.1 52.50 57.50 9.5 296.25 340.00 14.8 843.75 960.00 13.8 

2.2 55.00 60.00 9.1 320.00 352.00 10.0 902.49 995.00 10.3 

2.3 56.25 61.25 8.9 318.75 343.75 7.8 907.50 972.50 7.2 

2.4 60.00 65.00 8.3 342.50 390.00 13.9 971.24 1095.0 12.7 

2.5 62.50 67.50 8.0 375.00 395.00 5.3 1052.00 1110.0 5.5 

3.0 72.50 77.50 6.9 432.49 465.00 7.5 1215.00 1310.0 7.8 
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The results show that the coating was most effective in case of thin beams instead of 

thick beams as it increased the natural frequency of 2mm beam by 10.3% as compared to 6.9% 

increase in the case of 3mm beam. Comparison of 1st natural frequencies are presented in figure 

3-8, percentage changes in 1st natural frequencies is presented in figure 3-9. And the sample 

graphical results from vibration analyzer for 2mm beam are shown in figure 3-10 and 3-11. 

Figure 3-8: Comparison of 1st Natural Frequencies  

Figure 3-9: Percentage Change in 1st Natural Frequencies 
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Figure 3-10: Natural Frequencies of 2mm Beam (Uncoated) 
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Figure 3-11: Natural Frequencies of 2mm Beam (Coated) 

 

3.1.5 Maximum Displacement 

Maximum displacement at the natural frequency of the beams is also a very good 

measure of the level of vibration under resonance. Therefore, beam’s maximum displacements 

were determined at first natural frequencies.  
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In this analysis, Brüel & Kajer sensor was used as an accelerometer. The sensor was 

mounted at the free end of the beams. Sensor settings are shown in table 3-8 

Table 3-8: Sensor Settings for determination of maximum displacement  

Sensitivity 1.51pC/g 

Maximum frequency 26KHz 

Transverse sensitivity 3.8% of Sensitivity 

Maximum continues sinusoidal 5000g peak 

 

Sensor’s output was connected to a charge amplifier. B&K 2626 amplifier was used for 

this purpose, whose settings are shown in table 3-9. 

 

Table 3-9: Charge Amplifier Settings for determination of maximum displacement 

Sensitivity 1.51pC/g 

Minimum frequency 1Hz 

Maximum frequency 30KHz 

 

The charge amplifier output was given to vibration analyzer. Vibration Analyzer SD 380 

was used for this purpose. Following settings are made on analyzer as shown in table 3-10. 

 

Table 3-10: Vibration Analyzer settings for determination of maximum displacement 

Mode of display Frequency domain 

Maximum Frequency 1-2K Hz 

Voltage 1V 

 

Then the beams were excited by a dynamic shaker through a vibration exciter control, 

which are shown in figures 3-12 and 3-13, respectively. Details of shaker and vibration exciter 

control are shown in tables 3-11 and 3-12, respectively. 

Table 3-11: Shaker details and settings for determination of maximum displacement 

 

 

 

 

Table 3-12: Vibration Exciter Control settings for determination of maximum displacement 

Vibration Exciter control B&K 1050 

dB level Auto 

Sensitivity 1.51 pC/g 

Out put 0-10 V 

Dynamic Shaker B&K 4808 

Power amplifier 2712 

current limit 2 A 

Amplifier gain 1 
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Figure 3-12: Shaker B&K 4808 

Figure 3-13: Vibration Exciter Control B&K 1050 
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The experiments for maximum displacement measurement were conducted by adjusting 

the charge amplifier setting on gain-1. The Results of the experiments are given in table 3-13.  

 

Table 3-13: Maximum Displacement of beams at 1st Natural Frequencies 

Beam 

Thickness 

(mm) 

Maximum 

Displacement 

(Uncoated Beams) 

Maximum 

Displacements (Coated 

Beams) 

Decrease 

(%) 

2.0 20.7 10.5 49.3 

2.1 17.1 9.42 44.9 

2.2 13.6 8.64 36.5 

2.3 12.2 8.27 32.2 

2.4 9.64 6.88 28.6 

2.5 8.27 6.18 25.3 

3.0 6.37 5.28 17.1 

 

The results of maximum displacement are quite similar to natural frequency results, as 

maximum percentage change was observed in thin beams (i.e. 2mm beam). Which confirms that 

the coating was most effective in thin beams as compared to thick beams. Maximum 

displacements of the beams are plotted in figure 3-14 for both uncoated and coated beams. 

Percentage changes in beams are plotted in figure 3-15. And graphical results of uncoated and 

coated 2mm beam are shown in figures 3-16 and 3-17, respectively as samples.  

Figure 3-14: Comparison of Maximum Displacements at 1st Natural Frequencies 
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Figure 3-15: Percentage Change in Maximum Displacements 

Figure 3-16: Maximum Displacement of 2mm Beam (Uncoated) at 1st natural frequency 
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Figure 3-17: Maximum Displacement of 2mm Beam (Coated) at 1st natural frequency 

 

3.1.6 Damping Ratio 

Damping ratio is one of the most important parameter to estimate damping in a system. 

Different methods have been used to determine the damping ratio. In this work, Logarithmic 

Decrement method was employed. In this technique, the beams are excited by hammer and are 

allowed to vibrate freely while monitoring their response by adjusting the mode of vibration 

analyzer in time domain. In this domain the vibration analyzer shows the decay of vibrations 

over time, the damping ratio is now calculated by logarithmic decrement method. 

In this method, first logarithmic decrement is calculated from the equation 3.1 

       δ = 
1

𝑛 
𝑙𝑛

𝐴(𝑡)

𝐴(𝑡+𝑛𝑇)
              (3.1) 

Where, A(t+nT) is amplitude of peak n periods away from A(t). 

Now damping ratio is calculated by equation 3.2 
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       ζ = 
1

√1+(
2𝜋

δ
)

2
              (3.2) 

Configurations of the instruments used for this experiment are shown in tables 3-14 to   

3-16.  

Table 3-14: Sensor Settings for damping ratio measurement 

Sensitivity 1.51pC/g 

Maximum frequency 26KHz 

Transverse sensitivity 3.8 % of Sensitivity 

Maximum continues sinusoidal 5000g peak 

 

Table 3-15: Charge Amplifier Settings for damping ratio measurement 

Sensitivity 1.51pC/g 

Minimum frequency 1Hz 

Maximum frequency 30KHz 

 

Table 3-16: Vibration Analyzer settings for damping ratio measurement 

 

 

 

 

 

The Damping ratios of uncoated and coated beams for 1st natural frequencies are given in table 

3-17.  

Table 3-17: Damping Ratios of Beams 

Beam 

Thickness 

(mm) 

Damping Ratio   % 

Increase Uncoated Coated 

2 0.0097 0.0141 44.8 

2.1 0.0109 0.0155 42.5 

2.2 0.0122 0.0162 33.3 

2.3 0.0128 0.0169 32.4 

2.4 0.0142 0.0184 29.1 

2.5 0.0154 0.0194 25.9 

3 0.0223 0.0256 15.0 

 

The results show a pattern similar to natural frequencies, and the maximum change was 

observed in 2mm beam (44.8%), while 3mm beam had minimum change in damping after 

coating (15.0%).  

Mode Time Domain 

Frequency 500 Hz 

Voltage  0.5V 

∆T 0.781 m Sec 
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But the percentage changes in damping ratios (15.0-44.8%) are greater than natural 

frequencies (6.9-10.3%). Which indicates that coating was more effective in reducing damping 

ratios as compared to its effectiveness to change the natural frequencies of the beams. 

Damping ratios of the beams are plotted in figure 3-18 for both uncoated and coated beams. 

Percentage changes in beam’s damping ratios are plotted in figure 3-19. And results of 2mm 

beam are presented in figures 3-20 and 3-21, respectively as samples. 

Figure 3-18: Comparison of Damping Ratios 

 

 

Figure 3-19: Percentage Change in Damping Ratios 
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Figure 3-20: Time domain response of 2mm Beam (Uncoated) 

 

Figure 3-21: Time domain response of 2mm Beam (Coated) 
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3.2 NUMERICAL ANALYSIS 

Numerical analysis is a very valuable tool for modal analysis to find damping properties 

of a system. Numerical analysis is frequently used to verify the results obtained from actual 

experiments. And it also helps to design the experimental work, rather than doing it by hit and 

trial method.  

In this work, numerical analysis was performed by using MSC NASTRAN and PATRAN 

software. First modal analysis was used to find the mode shapes and natural frequencies of 

uncoated beams. Then harmonic analysis was performed by forced excitation at natural 

frequencies. The modal and harmonic analysis were again performed after application of coating 

material to the uncoated beams. 

3.2.1 Numerical Analysis Procedure 

For the numerical analysis, the beams are modeled in Hypermesh using Psolid elements 

for beams and PSHELL elements for coating material. 3600 Psolid elements were used to model 

the beams, and 1800 PSHELL elements were used for modeling of coating material.  

Then the geometry was imported into MSC PATRAN, where all the properties and 

boundary conditions were specified. For this analysis, the beams were fully constrained at one 

end and a force of 0.1N was applied at the free end of the beams. Then the modal analysis was 

performed to find the natural frequencies and mode shapes of the beams. 

Then harmonic analysis is performed by exciting the beams at their natural frequencies, 

for harmonic analysis of coated beams, every PSHELL element of the coatings was given 

separate material properties (i.e. damping ratio) by editing the input file in a text editor. After 

that several iterations are performed by running analysis and then using stress values of each 

PSHELL element to recalculate damping factors by using equation 1.8. And using new damping 

ratio values again in the input file to repeat the analysis until the convergence of the results. Flow 

chart of the numerical analysis procedure is shown in figure 3-22. 
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Figure 3-22: Flow Chart of Numerical Analysis Procedure 

3.2.2 Modal Analysis  

Modal analysis of uncoated and coated beams was performed to find the mode shapes 

and natural frequencies of uncoated and coated beams. 
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Figure 3-23: Beam for Modal Analysis 

3.2.2.1 Natural Frequencies of beams 

Natural Frequencies of uncoated and coated beams are shown in table 3-18. Only bending 

modes are considered in this analysis. 

Table 3-18: Natural Frequencies of Uncoated and Coated beams 

  1st Natural Frequencies  2nd   Natural Frequencies  3rd   Natural Frequencies 

Beam 

Thickness 

(mm) 

Uncoated Coated 
Increase 

(%) 
Uncoated Coated 

Increase 

(%) 
Uncoated Coated 

Increase 

(%) 

2 49.74 55.22 11.0 311.55 345.78 11.0 871.76 967.32 11.0 

2.1 52.52 57.99 10.4 328.90 363.13 10.4 920.22 1015.70 10.4 

2.2 55.54 61.02 9.9 347.83 382.05 9.8 973.04 1068.50 9.8 

2.3 57.56 63.04 9.5 360.44 394.68 9.5 1008.20 1103.70 9.5 

2.4 60.59 66.06 9.0 379.35 413.57 9.0 1061.00 1156.40 9.0 

2.5 62.85 68.33 8.7 393.53 427.74 8.7 1100.60 1195.90 8.7 

3 74.70 80.17 7.3 467.53 501.70 7.3 1306.70 1401.70 7.3 
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Results show that the coating of 200μm is most effective when applied to 2mm beam as 

compared to thicker beams, as it increased the natural frequencies of the beam by 11%, while it 

increased the natural frequencies of 3mm beam by only 7.3%. It is also observed that all the 

natural frequencies are increased with same percentage. Graphical plot Comparison of coated 

and uncoated 1st natural frequencies are presented in figure 3-24. While percentage change in 

natural frequencies is presented in figure 3-25. 

Figure 3-24: Comparison of 1st Natural Frequencies 

Figure 3-25: Percentage Change in Natural Frequencies 
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3.2.2.2 Mode Shapes of Uncoated Beams 

The 1st, 2nd and 3rd bending Mode shapes of uncoated and coated Beam (2mm) are 

shown in figures 3-26 to 3-31 as samples, natural frequencies are also indicated in these figures. 

The mode shapes are almost identical for coated and uncoated beams as the coating was thin as 

compared to the beam thickness. 

 

Figure 3-26: 1st Natural Frequency (2mm-Uncoated beam) 

 

 

Figure 3-27: 1st Natural Frequency (2mm-Coated beam) 
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Figure 3-28: 2nd Natural Frequency (2mm-Uncoated beam) 

 

 

 

 

 

Figure 3-29: 2nd Natural Frequency (2mm-Coated beam) 
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Figure 3-30: 3rd Natural Frequency (2mm-Uncoated beam) 

  

 

Figure 3-31: 3rd Natural Frequency (2mm-Coated beam) 
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3.2.3 Harmonic Response 

Harmonic response has been obtained by exciting the uncoated and coated beams at 1st 

and 3rd natural frequencies, the Maximum displacements and Von-Mises stresses of uncoated 

and coated beams are shown in tables 3-19 to 3-22.  

 

Table 3-19: Von-Mises Stresses at 1st Natural Frequencies 

Von-Mises Stresses (MPa) 

Beam 

Thickness (mm) 
Un-coated Coated % Reduction 

2 1086.00 599.90 44.8 

2.1 972.50 576.00 40.8 

2.2 867.50 542.20 37.5 

2.3 806.50 519.20 35.6 

2.4 726.20 488.00 32.8 

2.5 673.50 480.20 28.7 

3 472.20 386.50 18.1 

 

Table 3-20: Maximum Displacement at 1st Natural Frequency 

Maximum Displacement (mm) 

Beam 

Thickness (mm) 
Un-coated Coated % Reduction 

2 49.11 24.63 49.8 

2.1 41.73 22.56 45.9 

2.2 35.27 20.24 42.6 

2.3 31.69 18.79 40.7 

2.4 27.17 16.89 37.8 

2.5 24.33 16.10 33.8 

3 14.49 11.07 23.6 
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Table 3-21: Von-Mises Stresses at 3rd Natural Frequencies 

Von-Mises Stresses (MPa) 

Beam 

Thickness (mm) 
Un-coated Coated % Reduction 

2 59.33 4.62 92.2 

2.1 53.14 4.48 91.6 

2.2 47.41 4.32 90.9 

2.3 44.05 4.19 90.5 

2.4 39.71 4.07 89.7 

2.5 36.80 3.96 89.2 

3 25.85 3.55 86.3 

 

Table 3-22: Maximum Displacement at 3rd Natural Frequency 

Maximum Displacement (mm) 

Beam 

Thickness (mm) 
Un-coated Coated % Reduction 

2 0.16 0.0113 92.9 

2.1 0.14 0.0105 92.3 

2.2 0.11 0.0096 91.6 

2.3 0.10 0.0090 91.2 

2.4 0.09 0.0084 90.5 

2.5 0.08 0.0079 90.0 

3 0.05 0.0061 87.2 

 

The Results show that the coating is most effective when applied to thin beams as 

compared to thicker beams, as it reduced the Von-Mises Stress and Maximum displacement of 

the 2mm beam by 44.8% and 49.8%, respectively. While it reduced the Von-Mises stress and 

maximum displacement of the 3mm beam by only 18.1% and 23.6%, respectively for 1st natural 

frequency. The results also indicate that coatings are more effective at 3rd natural frequencies as 



 

37 
 

compared to 1st natural frequencies as stresses are reduced by 87-92% in case of 3rd natural 

frequency as compared to stress reductions of 18-44% in case of 1st natural frequencies. 

Graphical Comparison of coated and uncoated Von-Mises Stresses and maximum 

displacements at 1st and 3rd natural frequencies are presented in figures 3-32 to 3-35.  

Figure 3-32: Comparison of Von-Mises Stress at 1st Natural Frequencies 

Figure 3-33: Comparison of Von-Mises Stress at 3rd Natural Frequencies 
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Figure 3-34: Comparison of Maximum Displacement at 1st Natural Frequencies 

 

 

Figure 3-35: Comparison of Maximum Displacement at 3rd Natural Frequencies 
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Sample contour plots of 2mm beam are presented in figures 3-36 to 3-43. 

 

 

Figure 3-36: Von-Mises Stress at 1st Natural Frequency (Uncoated beam) 
 

 

 

 

Figure 3-37: Von-Mises Stress at 1st Natural Frequency (Coated beam) 
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Figure 3-38: Deformation Contours at 1st Natural Frequency (Uncoated beam) 

 

 

 

 

Figure 3-39: Deformation Contours at 1st Natural Frequency (Coated beam) 
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Figure 3-40: Von-Mises Stress at 3rd Natural Frequency (Uncoated beam) 

 

 

 

 

 

Figure 3-41: Von-Mises Stress at 3rd Natural Frequency (Coated beam) 
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Figure 3-42: Deformation Contours at 3rd Natural Frequency (Uncoated beam) 

 

 

 

 

 

Figure 3-43: Deformation Contours at 3rd Natural Frequency (Coated beam) 
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3.3 Conclusion 

Both the experimental and numerical analysis results show that the coating of 200μm 

improved the vibration parameters of the beams. And it was more effective in the case of thin 

beams as compared to thick beams, as maximum improvement was observed in 2mm beam, 

while least improvement was observed in the case of 3mm beam. 

But the percentage change in different parameters before and after coatings was different 

in each case as shown in table 3-23, and are also presented in figure 3-44.  

 

Table 3-23: Comparison of improvement in Vibration Parameters 

Vibration Parameter 
Percentage 

Change 

1st Natural Frequency (Experimental) 6.9 - 10.3 

Maximum Displacement (Experimental) 17.1 - 49.3 

Damping Ratio (Experimental) 15.0 - 44.8 

Natural Frequency (Numerical) 7.3 - 11 

Maximum Displacement at 1st Natural Frequency (Numerical) 23.6 - 49.8 

Von-Mises Stresses at 1st Natural Frequency (Numerical) 18.1 - 44.8 

Maximum Displacement at 3rd Natural Frequency (Numerical) 87.2 - 92.9 

Von-Mises Stresses at 3rd Natural Frequency (Numerical) 86.3 - 92.2 

 

The results show that in most cases, 15-50% change was observed. While maximum 

change was observed in the case of von-mises stresses and displacements at 3rd natural 

frequencies. Which indicates that magneto-mechanical coating is most effective at high 

frequency modes as compared to low frequencies. Therefore, it is suitable for turbine blades and 

aircraft engines.  
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Figure 3-44: Comparison of improvement in Vibration Parameters 
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CHAPTER 4 : EFFECT OF MAGNETOMECHANICAL COATING 

THICKNESS IN BEAM STRUCTURES 

In this chapter the effect of magnetomechanical coating thickness on a single beam of 

180mm x 10mm x 2mm is investigated by applying coatings of different thicknesses (0.05mm-

0.3mm) and then finding their damping characteristics both by experiments and through 

numerical analysis.  

4.1 Experimental Work 

The same experimental setup as used in chapter 3 was used to find the damping 

characteristics of the beam. The results are presented as follows: 

4.1.1 Natural Frequencies: 

The results of natural frequencies of beams are given in table 4-1. And sample result of 

beam with 0.3mm coating thickness is shown in figure 4-1. 

 

Table 4-1: Natural Frequencies of beams 

Coating 

Thickness 

(mm) 

1st Natural Frequencies 2nd Natural Frequencies 3rd Natural Frequencies 

Frequency 

(HZ) 

Increase 

(%) 

Frequency 

(HZ) 
Increase (%) 

Frequency 

(HZ) 
Increase (%) 

Uncoated 48.75 - 266.25 - 762.50 - 

0.05 50.00 2.56 281.25 5.63 803.75 5.41 

0.1 51.25 5.13 292.50 9.86 830.00 8.85 

0.15 52.50 7.69 295.00 10.80 839.99 10.16 

0.2 53.75 10.26 306.50 15.12 881.25 15.57 

0.25 55.00 12.82 297.50 11.74 845.00 10.82 

0.3 56.25 15.38 313.75 17.84 892.50 17.05 

 

The natural frequency results indicate that as we increase the coating thickness the 

natural frequencies increase. And percentage change in every increase is proportional to the 

coating thickness as presented in figure 4-2. 
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Figure 4-1: Natural Frequencies of Beam (beam with 0.3mm Coating) 
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Figure 4-2: 1st Natural Frequencies of Beams 

 

4.1.2 Maximum Displacement 

The Results of the experiments are given in table 4-2. And sample results of beam with 

0.3mm coating is shown in figure 4-3. 

 

Table 4-2: Maximum Displacement of beams at 1st Natural Frequencies 

Beam 
Maximum 

Displacement 
% Decrease 

Uncoated 20.7 - 

0.05 12.2 41.1 

0.10 11.6 44.0 

0.15 11.1 46.4 

0.20 10.5 49.3 

0.25 9.9 52.2 

0.30 9.3 55.1 
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Figure 4-3: Maximum Displacement of Beam (beam with 0.3mm Coating) 

 

 

The results indicate that as we increase the coating thickness the maximum displacement 

is decreased. And percentage change in every decrease is proportional to the coating thickness as 

presented in figure 4-4. 
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Figure 4-4: Maximum Displacement in Beams 

4.1.3 Damping Ratio: 

The Damping ratios of coated beams are given in table 4-2. And sample time domain 

response of beam with 0.3mm coating is shown in figure 4-5. 

 

Table 4-3: Damping Ratios of Beams 

Coating 

Thickness 

(mm) 

Damping Ratio % Increase 

Uncoated 0.0097 - 

0.05 0.0119 22.2 

0.1 0.0123 26.1 

0.15 0.0132 35.1 

0.2 0.0141 44.8 

0.25 0.0148 51.7 

0.3 0.0156 59.8 

The results indicate that as we increase the coating thickness the damping ratio increases. 

And percentage change in every decrease is proportional to the coating thickness as presented in 

figure 4-6. 
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Figure 4-5: Time domain response of Beam (with 0.3mm Coating) 
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Figure 4-6: Damping Ratios of Beams 

4.2 Numerical Analysis 

4.2.1 Modal Analysis  

Modal analysis was performed to find the mode shapes and natural frequencies of all the 

beams. 

4.2.1.1 Natural Frequencies of beams 

Natural Frequencies of uncoated and coated beams are shown in table 4-4. Only 1st and 

3rd bending modes are considered in this analysis. 

 

Table 4-4: Natural Frequencies of beams 

Coating 

Thickness (mm) 

Frequency [Hz] 
% Increase 

1st  3rd  

Uncoated 49.74 871.76 - 

0.05 51.12 895.72 2.8 

0.1 52.49 919.64 5.5 

0.15 53.85 943.50 8.3 

0.2 55.22 967.32 11.0 
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0.25 56.58 991.10 13.7 

0.3 57.94 1014.90 16.5 

0.35 59.30 1038.60 19.2 

0.4 60.66 1062.30 21.9 

0.45 62.01 1085.90 24.7 

0.5 63.37 1109.60 27.4 

 

The natural frequency results indicate that as we increase the coating thickness the 

natural frequencies increase. And change in every increase is proportional to the coating 

thickness as presented in figure 4-7. 

Figure 4-7: Comparison of 1st Natural Frequencies with Different Coating Thicknesses 

4.2.2 Harmonic Response 

Harmonic response has been obtained by exciting the uncoated and coated beams at 1st 

and 3rd natural frequencies. The Maximum displacements and Von-Mises stresses of uncoated 

and coated beams are shown in tables 4-5 to 4-8. 
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Table 4-5: Von-Mises Stresses at 1st Natural Frequencies 

Beam 

Thickness (mm) 

Von-Mises 

Stress (MPa) 

% 

Reduction 

Uncoated 1086.00 - 

0.05 673.50 38.0 

0.1 651.00 40.1 

0.15 626.60 42.3 

0.2 599.90 44.8 

0.25 571.80 47.3 

0.3 541.70 50.1 

0.35 509.80 53.1 

0.4 476.10 56.2 

0.45 438.30 59.6 

0.5 398.50 63.3 

 

Table 4-6: Maximum Displacement at 1st Natural Frequency 

Beam 

Thickness 

(mm) 

Maximum 

Displacement 

(mm) 

% 

Reduction 

Uncoated 49.11 - 

0.05 29.69 39.5 

0.1 28.01 43.0 

0.15 26.32 46.4 

0.2 24.63 49.8 

0.25 22.96 53.2 

0.3 21.28 56.7 

0.35 19.61 60.1 

0.4 17.93 63.5 

0.45 16.18 67.1 

0.5 14.43 70.6 
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Table 4-7: Von-Mises Stresses at 3rd Natural Frequency 

Beam Thickness 

(mm) 

Von-Mises 

Stress (MPa) 
% Reduction 

Uncoated 59.33  - 

0.05 9.48 84.0 

0.1 6.59 88.9 

0.15 5.33 91.0 

0.2 4.62 92.2 

0.25 4.17 93.0 

0.3 3.80 93.6 

0.35 3.52 94.1 

0.4 3.32 94.4 

0.45 3.17 94.7 

0.5 3.03 94.9 

Table 4-8: Maximum Displacement at 3rd Natural Frequency 

Beam Thickness 

(mm) 

Maximum 

Displacement (mm) 

% 

Reduction 

Uncoated 0.1597 - 

0.05 0.0249 84.4 

0.1 0.0169 89.4 

0.15 0.0133 91.7 

0.2 0.0113 92.9 

0.25 0.0100 93.8 

0.3 0.0089 94.5 

0.35 0.0081 94.9 

0.4 0.0074 95.3 

0.45 0.0070 95.6 

0.5 0.0065 95.9 
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The results show that as we increase the coating thickness, the Von-mises stresses and 

Maximum displacement at free end of the beam are reduced by ~40-70% at 1st natural 

frequencies, and was ~84-95% at 3rd natural frequencies. And the decrease is proportional to the 

coating thickness as shown by graphical plots presented in figures 4-8 to 4-11. 

Sample contour plots of 2mm beam with 0.5mm coating are presented in figures 4-12 to 

4-15. 

Figure 4-8: Comparison of Von-Mises Stresses at 1st Natural Frequencies 

 

Figure 4-9: Comparison of Von-Mises Stresses at 3rd Natural Frequencies 
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Figure 4-10: Comparison of Maximum Displacements at 1st Natural Frequencies 

 

 

 

 

 

Figure 4-11: Comparison of Maximum Displacements at 3rd Natural Frequencies 
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Figure 4-12: Von-Mises Stress at 1st Natural Frequency (beam with 0.5mm Coating) 

 

 

 

Figure 4-13: Von-Mises Stress at 3rd Natural Frequency (beam with 0.5mm Coating) 
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Figure 4-14: Deformation Contours at 1st Natural Frequency (beam with 0.5mm Coating) 

 

 

 

 

Figure 4-15: Deformation Contours at 3rd Natural Frequency (beam with 0.5mm Coating) 
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4.3 Conclusion 

Both the experimental and numerical analysis results show that as we increase the coating 

thickness, the vibration parameters are improved. And the improvement is directly proportional 

to the thickness of the coating. But as thicker coatings have applicability and reliability issues, 

and are observed to creep under high stresses, therefore, an optimum coating thickness should be 

used, which is sufficient enough to keep our vibrations under control. As excessive coatings are 

not cost effective, and are likely to chip off under high vibrations.  

The percentage changes in different vibration parameters are shown in table 4-9, and are 

also plotted in figure 4-16. 

The results show that in most cases, 22 - 60% change was observed. While maximum 

change was observed in the case of von-mises stresses and displacement at 3rd natural 

frequencies (~85 – 95%). Which indicates that magnetomechanical coating is most effective at 

high frequency modes as compared to low frequencies. Therefore, it is suitable for turbine blades 

and aircraft engines.  

 

Table 4-9: Comparison of improvement in Vibration Parameters 

Vibration Parameter 
Percentage 

Change 

1st Natural Frequency (Experimental) 2.56 – 15.38 

Maximum Displacement (Experimental) 41.1 - 55.1 

Damping Ratio (Experimental) 22.2 – 59.8 

Natural Frequency (Numerical) 2.8 – 16.5 

Maximum Displacement at 1st Natural Frequency (Numerical) 39.5 - 56.7 

Von-Mises Stresses at 1st Natural Frequency (Numerical) 38 – 50.1 

Maximum Displacement at 3rd Natural Frequency (Numerical) 84 – 93.6 

Von-Mises Stresses at 3rd Natural Frequency (Numerical) 84.4 - 94.5 
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Figure 4-16: Comparison of improvement in Vibration Parameters  
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