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ABSTRACT 
Human body is subjected to two types of vibration 

known as whole body vibration and Hand arm vibration. 

This paper deals with the problem of hand arm 

vibration caused due to work on high rpm machine 

vibration, vibration transmitted through other sources. 

Humerus bone is a hand arm bone connecting between 

shoulder to elbow. Free vibration analysis is performed 

to study the natural frequencies and mode shapes. If 

external excitation frequency concides with natural 

frequency it causes fracture of bone. In order to prevent 

the fracture the matching of frequencies should be 

eliminated. The fracture location of the bone through 

the computer simulation can be identified. Finite 

Element Analysis is a mathematical technique used for 

the analysis of complex objects and geometries. For the 

design of bone model Solid Edge software is used and the 

model is imported in ANSYS 14 (FEA based software) 

for the free vibration analysis. 

Keywords- Free Vibration, Humerus Bone, Cup Radious, 

Boundary Conditions, FEA. 

I. INTRODUCTION 

Our objective is to study humerus bone vibration with 

varying boundary conditions. Human body vibration has 

been studied for more than 50 years. Many researchers and 

authors have contributed a lot. Simonalacheet. al. (2007) had 

studied the engineering and medical prospects of human 

body vibration. They have find the three frequency domain 

having negative influence on the human body: interval 0-2 

Hz; interval 2-20 Hz – whole body vibrations; interval 20-

200 Hz – hand-arm vibrations. The main aim of this work is 

to develop technics, specifications and methodologies. R.G. 

Dong et al. (2004) have studied the vibration energy 

absorption (VEA) in hand arm vibration system. They have 

developed a methodology for measuring the vibration 

energy absorbed into the fingers and the palm. For 

experimental work they have used the frequencies in the 

range of 16–1000 Hz. Robert G. Radwin et al. (1985) have 

analyzed the hand arm vibration exposure on an assembly 

line. It was an industrial study to prevent the vibration 

hazardous. Ren G. Dong et al. (2005) have studied the 

biodynamic response of human hand palm. According to 

this study the hand-arm system resonated mostly in the  

 

frequency range of 20 to 50 Hz, depending on the specific 

test treatment and individual characteristics. Surajudeen 

Adewusi et al. (2012) have studied the natural frequency of 

hand arm system using fem. They have find that high 

frequency vibration is localized at the palm and fingers 

G.S. Paddan and M.J.Griffin (1998) have studied the 

transmission of seat vibration to the head and analyze the 

adverse effects of whole body vibration. They have also 

considered the mechanical, psychological and physiological 

aspects of whole body vibration. P. Holmlund et al. (2000) 

have studied the mechanical impedance of the human body 

in sitting posture and vertical direction was measured by 

different experimental conditions. The outcome shows that 

impedance increases with frequency up to a peak at about 5 

Hz after which it decreases in a complex manner which 

includes two additional peaks. Ivo J. Tiemessen et al. (2007) 

have perform a review study work for drivers to  reduce the  

whole-body vibration exposure and try to find the solution 

to reduce the whole body vibration. There are various 

factors responsible for WBV such as design consideration, 

posture, Duration of vibration and amplitude of vibration 

etc. Musculoskeletal disorders (MSD) and low back pain is 

the resultant of whole body vibration. A driver is subjected 

to whole body vibration for long duration, so chances of 

MSD and low back pain is maximum. E.T. Ingólfsson et al. 

(2012) have perform a literature review for Pedestrian-

induced lateral vibrations of footbridges and explore the 

various factors for footbridges design to reduce the retrofit 

cost because of vibration. S. Lings et al. (2000) have 

performed the epidemiological literature review (1992-

1999) for Whole-body vibration and low back pain. They 

have concluded that there is a direct relationship between 

WBV and low back pain and suggested methods to reduce 

the WBV.  

Pier Paolo Valentini (2012) have simulated the human spine 

vibration. A new innovative numerical dynamic model has 

been used. The modeling approach is based on the use of the 

dynamic spline formalism in order to achieve a condensed 

description requiring a smaller set of variables but 

maintaining the nonlinear characteristic and the accuracy of 

a fully multi body dynamic model. The simulation result 

have been compared with literature result. Hight et al. 

(1980) have performed vibration analysis of human tibia 

using beam type finite element model and satisfied the 
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result with analytical and experiment results. Pelker et al. 

(1983) have studied the dynamic loading of femur bone 

with stress wave. R. Huiskes et al. (1983) have studied the 

importance of computer simulation for bio mechanics 

application. Computer based Finite Element Analysis (FEA) 

is a mathematical modeling and analysis tool used for 

numerical analysis of complicated structure and geometry. 

In this paper FEA is used to find out the natural frequency 

and mode shape of the humerus bone in order to prevent the 

humerus fracture. The methodology adopted for the analysis 

is Cad model is imported in ANSYS 14 software and results 

have been taken for two different boundary conditions and 

four different cup radious cases. The result of simulation is 

compared with literature result.  

Researchers have been studying the vibration characteristic 

of femur bone from 1980 khalil et  al. (1981) obtained 

natural frequencies and mode shapes of femur bone using 

experimental and analytical methods. The experimental 

measurements were based upon Fourier analysis of transfer 

function .For analytical solution a mathematical model of 59 

elements was analyzed using transfer matrix method. The 

first 20 Experimental natural frequency vary from 250 Hz to 

7300 Hz. In actual condition femur bone is constrained 

between pelvis and tivia. 

The bone between the shoulder and the elbow is called the 

humerus bone. It is the longest bone of the human hand arm. 

The upper end of humerus bone fits into a socket in the 

shoulder it is like a cup structure. The bottom of the humerus 

bone is connected to the elbow, it is like a small cup. The 

radious of shoulder cup is bigger than elbow cup. These two 

cups are connected by a shaft cylindrical in shape. The joint 

of shaft to the cups is the structural weakness and fracture 

point.   

There are two possible condition of humerus fracture, first 

across its joint (shoulder and elbow) and second across the 

shaft. If the humerus bone is subjected to high load and 

pressure the fracture caused is across the shaft. This type of 

fracture takes place in a road accident or continuous 

vibration. Humerus bone have complex configuration so it 

is not easy to perform the complete 3D mechanical analysis 

of the humerus bone in actual form. For analysis we have 

considered the simple geometry and mathematical 

techniques to get the desire result. 

II. 3-D MODEL OF HUMERUS BONE 

A three-dimensional model is required for a quantitative 

vibration analysis. To simplify the bone geometry bone 

shaft is considered as a cylindrical shaft and the joints are 

made by hemi spherical cups. The radious of shoulder cup is 

bigger than elbow cup. The actual design of bone is a 

complex process so to simplify the geometry the regular 

shapes available in modeling software is used but properties 

are similar to actual bone. So analysis results predict the 

actual bone analysis. The dimension of humerus bone is: the 

length (L) of Humerus bone shaft is 250 mm and cylindrical 

shaft radious (r) is 8.33 mm.  A.A. Zadpoor (2006). 

The CAD software SOLID EDGE is selected to prepare the 

solid model of the humerus bone. The CAD model is shown 

as figure 1. After the completion of the model the *.IGES 

file is imported from the SOLID EDGE to ANSYS 14 

(2013) software for the analysis. The main step of the FEA 

based analysis is to divide the bone in small pieces called 

elements and these elements are connected at nodes. The 

meshed model of humerus bone is shown in figure 2. 

ANSYS 14 is a research version, it provide high quality 

meshing facility. The meshed model consists of 24644 

nodes and 8647 elements. Linear tetrahedral elements are 

used for meshing. 

Figure1. Cad model of Humerus bone. 

 

Figure 2. Mesh  Model of humerus bone 

III. MATERIAL PROPERTIES AND 

BOUNDARY CONDITIONS 

A humerus bone can be analyses on two different 

boundary parameters. In free-free boundary conditions all 

DOF of boundaries are subjected to variations. In Fixed-

Fixed boundary conditions all DOF are constrained in 

boundaries. In fixed-fixed boundary condition the cup is 

constraint to move. When the results have been compared 
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with the literature result fixed-fixed boundary condition is 

more appropriate and describes precisely human hand arm 

biodynamic behavior. We have taken into account for first 

10 order vibration mode shape. Mechanical properties 

(Young’s modulus, Poisson ratio and bone mass density) 

are required to analyze the humerus bone. These are very 

important parameters for the vibration analysis of the 

humerus bone. The material properties selected for the 

study of the humerus bone are Young’s modulus – 

17.2GPa, Poisson ratio- 0.30, Bone density- 1900 kg/m3 

A.A. Zadpoor (2006).ANSYS 14 workbench is selected 

for modal analysis and the load is selected by program 

automatically.  

 

IV. SIMULATION RESULTS 

The FEM based software Ansys.14 version solved the 

humerus bone modal analysis and we find the natural 

frequency and mode shape. In biomechanical problems 

modeling of boundary conditions and joints are very 

challenging problems and they might have no unique 

results. Through in our study we have find the natural 

frequencies and first ten modes shape of humerus bone as 

shown in figure 3. 

Using ANSYS implicit code the modal analysis has been 

performed and ten resonant modal frequency and 

corresponding mode shape has been obtained. From analysis 

for fixed-fixed boundary condition frequency range varies in 

between 943.36 Hz to 7703.9 Hz. 

External excitation or continuous exposure to hand vibration 

on humerus bone may cause fracture to the bone. The reason 

for the fracture is pairing of external excitation frequency to 

natural frequency or modal frequency of the humerus bone. 

The natural frequency of humerus bone vibration varies 

from 943.36 Hz to 7703.9 Hz.  

 

 

 

 

 

Figure 3. Fixed-Fixed Condition based Ten different modes 

(1,2,3,4,5,6,7,8,9&10) shape of the humerus bone 

 

Table. 1 Fixed-Fixed boundary condition results 



INTERNATIONAL JOURNAL OF RESEARCH IN TECHNOLOGY AND MANAGEMENT (IJRTM) 
ISSN 2454-6240   
www.ijrtm.com   

65 
Volume 2 Issue 4, JUNE 2016 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

After finding the accurate boundary condition of the 

humerus bone CAD model is scaled down by 0.85 and 

scaled up by 1.5. The scaling is used to check the CAD 

model suitability because the size of humerus bone may vary 

person to person. Size of humerus bone depends on various 

factors like body growth, physical environment, nutrition 

etc.  While scaling by 0.85 the model size is decreased and 

on scaled up by 1.5 the model size is increased as shown in 

figure 4.Figure 4 shows the 5 different mode shapes of scale 

up 1.5 humerus bone. The model size of fixed-fixed 

boundary condition is rated as scale 1.0.  The scale up and 

down shows the big and small size humerus bones. For these 

two conditions the free vibration analysis is performed and 

modal natural frequencies (Table 2) have been determined. 

The dimension of Scale 0.85 humerus bone is:the length (L) 

of Humerus bone shaft is 212.5 mm and cylindrical shaft 

radious (r) is 7.08 mm. The radious of shoulder cup (R1) is 

28.32 mm and elbow cup (R2) is 21.24 mm. The dimension 

of Scale 1.5 humerus bone is:the length (L) of Humerus 

bone shaft is 375 mm and cylindrical shaft radious (r) is 

12.49 mm. The radious of shoulder cup (R1) is 49.98 mm 

and elbow cup (R2) is 37.48 mm. 

Table.2 Mode number and corresponding natural frequency 

in scaling. 

 

 

Mode 

Fixed-Fixed boundary 

Condition 

(Modal Frequency Hz) 

1.  
943.36 

2.  
953.95 

3.  
2542.4 

4.  
2564.4 

5.  
4431.1 

6.  
4826.3 

7.  
4857.7 

8.  
7210.2 

9.  
7668.9 

10.  
7703.9 

Mode 

Scaling 0.85 

(Modal Frequency Hz) 

Scaling 1.5 

(Modal Frequency Hz) 

1.  
790.38 1178.1 

2.  
791.07 

1184.5 

3.  
2124.7 

3119.8 

4.  
2126.5 

3129.8 

5.  
4036.6 

4097.8 

6.  
4039.9 5797.9 

7.  
4311.5 5808.3 

8.  
6432.7 6696.4 

9.  
6437.2 8199.1 

10.  
6965.2 9007.8 
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Figure 4.  Five different mode shape (1, 3,6,7,& 9) of the humerus bone 

Model scaled by 1.5. 

 

 

Figure 5 Frequency Variation in Scaling 

A graph has been plot between two scaled modal 

frequencies. Figure 5 shows the frequency variation in 

scaling process. The range of scale up frequency is very high 

, it varies up to 9007 Hz. From figure 5 it can conclude that 

the modal frequencies of big size humerus bone (scaled 1.5) 

are very high up to 9007.8 Hz. So it is not a suitable design. 

 Scales down frequencies are in range so this design is 

accurate. From table 1 and 2 if we compare the results, we 

find that the natural frequency of table 2 (scaling 0.85) is 

similar to fixed-fixed boundary condition result on scale 1.0 

mention in table 1. Two results (fixed-fixed condition and 

scale down) are in the range of experimental result of Khalil 

et al (1981). So from this study it is observe that the size of 

humerus bone may vary from 0.85 to 1.0 after this the size 

will be large and the frequencies are very high which is that 

safe. 

The modal frequency results are free vibration result, if 

humerus bone is subjected to forced vibration i.e. external 

excitation, in this case the chances of fracture are maximum. 

In order to prevent the fracture external excitation frequency 

should not match with the natural frequency of humerus 

bone.During external excitation condition the fracture 

location can be find out by seeing the particular mode shape.  

CONCLUSION 

The results of this research work shows that the chances of 

bone fracture are through bone shaft and joint. The natural 

frequency and first ten mode shape of humerus bone was 

determined using fixed-fixed boundary condition. The 

scaling up and down is used to determine the maximum size 

variation of humerus bone. According to result the size 

varies between 0.85 to 1.0 times of designed geometry 

dimension. ANSYS14 software has excellent analysis 

capabilities and SOLIDEDGE software has a good function 

of solid modeling. They are suited for Finite Element 

Analysis of complex shapes. The3D solid model was 

prepared by using SOLIDEDGE software and is transferred 

to ANSYS 14. In this research work we have considered the 

vibration problem of the humerus bone to explain the hand 

arm vibration using FEA method. 
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