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Abstract— In this paper human sitting posture subjected to 

vertical excitation was critically analyzed subjected to the 

various condition. The various parameters such as the mass, 

stiffness and the damping coefficient were calculated from 

the human anthropometric data and the previous work of the 

various researchers as mentioned in the literature review. 

The experimentation was conducted for getting the 

biodynamic responses from the human body. The   effect of 

change in mass, stiffness and the damping coefficient was 

calculated and the change in the biodynamic responses was 

measured for the further analysis.  In  the present work there 

are three  inputs A, B and C  and the three responses such as  

STHT , DPMI and the APMS. The present paper focused on 

the Effect of M, K and C on the Various Biodynamic 

Responses. Human body vibration is a phenomenon 

affecting millions of workers in the world.Among these are 

light and heavy equipment operators, m/c tool operators and 

truck drivers.Many harmful side effects of the vibration can 

be both physiological and neurological which in many cases 

lead to permanent injury. High speed vehicles frequently 

transmit dynamic forces to their occupants. The present 

work will help to analysis the sitting posture for the various 

applications. The findings of the present work will help the 

industry or society to utilised the human in the effective and 

efficient manner. 
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I. INTRODUCTION 

This paper explains the analysis of vibrations impact on 

various parts of human body while performing operations in 

sitting position. Multi degree freedom vibratory lumped 

parameter model is developed to explore biodynamic 

response of different masses & stiffness. The effects of 

mechanical vibrations on the human body can be divided 

into three main groups a) Effects of very low frequency 

vibrations (1-2 Hz) that cause kinetosis, known also as 

motion illness, car or sea sickness. Symptoms include 

depression, asthenia, giddiness, pastiness, cold sweat and 

nausea. b) Effects of low frequency vibrations (2-20 Hz) 

caused by surfaces, plants and machinery. These vibrations 

can cause a general distortion of the normal biological and 

psycophysiological responses to mechanical stimuli, such as 

lesions to bones and joints, (e.g. in drivers of heavy 

vehicles), cardio circulatory disturbances, and maladies of 

the digestive track. c) Effects of medium-high frequency 

vibrations (20-1000 Hz) caused by electrical or pneumatic 

machinery. Revelation to this kind of stress affects in 

particular hands and arms and causes the onset of 

osteoarticular lesions with arthrosis and angioneurotic 

smash up, such as pin-and-needles and deadness of the 

fingers. The Intensity of these hurtful vibrations is reduced 

by providing a standard type of machining environment and 

taking precautionary action. Human body vibration is a 

experience affecting millions of workers in the world. 

Among these are light and heavy equipment operators, m/c 

tool operators and truck drivers. Many harmful side effects 

of the vibration can be both physiological and neurological 

which in many cases lead to permanent injury. High speed 

vehicles frequently transmit dynamic forces to their 

occupants. Depending upon the intensity and duration of 

such disturbances, serious impairment of operator or 

traveller functioning may occur. These problems have led to 

extensive research directed towards defining and 

understanding the dynamics of the human body. Other 

activities such as health and medical studies and even 

athletic interests have also created a desire for 

comprehensive human dynamic analysis. 

A. Vibration: 

Vibrations can be defined as oscillations of mass about a 

fixed point. Vibration is a form of mechanical wave and, 

comparable to all waves, it transfers energy but not matter. 

Vibration needs a mechanical structure through which it 

needs to travel. This structure might be part of a machine, 

vehicle, tool, or even a person, but if a mechanical coupling 

is lost, then the vibration will no longer propagate. The 

common examples are locomotives, diesel engines mounted 

on unsound foundations, whirling of shafts, etc. The main 

causes of vibration are as follows: 

1) Unbalanced forces in the machine. 

2) Dry friction between the two mating surfaces. 

3) External excitations. 

4) Earthquakes. 

5) Winds. 

The magnitude of vibration is usually articulated in terms of 

acceleration, velocity and displacement. The International 

Organization for Standardization (ISO) has provided the 

following guide lines relating the magnitude to comfort for 

passengers on public transport as tabulated in table.1 

Magnitude of vibration 

m/s
2
 

Comfort level 

<0.315 Not uncomfortable 

0.315-0.63 Little uncomfortable 

0.5-1.0 Fair Uncomfortable 

0.8-1.6 Uncomfortable 

1.6-2.5 Highly uncomfortable 

≥2.5 
Extremely 

uncomfortable 

Table 1: International Organization for Standardization (ISO 

2631) for comfort [8] 
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II. LITERATURE REVIEW 

Wael Abbas et al.[1]   has performed  the experimentation 

and measure  for seated subjects with feet supported and 

hands held in a driving position. Variations in the seated 

posture, backrest angle, and nature and amplitude of the 

vibration excitation are introduced within a prescribed range 

of likely conditions to illustrate their influence on the 

driving-point mechanical impedance of seated vehicle 

drivers. Within the 0.75-10 Hz frequency range and for 

excitation amplitudes maintained below 4m/s2, a four-

degree-of-freedom linear driver model is proposed for which 

the parameters are estimated to satisfy both the measured 

driving-point mechanical impedance and the seat-to-head 

transmissibility characteristics defined from a synthesis of 

published data for subjects seated erect without backrest 

support. 

M. J. Griffin et al.[2]  he has study the nonlinearity 

in their biodynamic responses and quantify the response in 

directions other than the direction of excitation. Twelve 

males were exposed to random vertical vibration in the 

frequency range 0.25–25Hz at four vibration magnitudes 

(0.125, 0.25, 0.625, and 1.25ms). The subjects sat in four 

sitting postures having varying foot heights so as to produce 

conflicting thigh contact with the seat (feet hanging, feet 

supported with maximum thigh contact, feet supported with 

average thigh contact, and feet supported with least thigh 

contact). Forces were measured in the vertical, fore-and-aft, 

and lateral directions on the seat and in the vertical course at 

the footrest.  

Martin G.R.et al.[3]  has explore the effects of 

vibration magnitude and intended periodic muscle activity 

on the apparent mass resonance frequency with vertical 

random vibration in the frequency range 0.5–20 Hz. Each of 

14 subjects was exposed to 14 combinations of two 

vibration magnitudes (0.25 and 2.0ms-2 ) in seven sitting 

conditions: two without voluntary periodic faction, and five 

with voluntary periodic faction. Three conditions with 

voluntary periodic faction appreciably reduced the 

difference in resonance frequency at the two vibration 

magnitudes compared with the difference in a static sitting 

condition. Without intentional periodic movement 

(condition A:upright), the median apparent mass resonance 

frequency was 5.47 Hz at the low vibration magnitude and 

4.39 Hz at the high vibration magnitude. With voluntary 

periodic movement (C: back-abdomen bending), the 

resonance frequency was 4.69 Hz at the low vibration level 

and 4.59 Hz at the high vibration level. 

Cho-Chung Liang and Chi-Feng Chiang [4]     has 

calculated the lumped-parameter models for seated human 

subjects without backrest support under vertical vibration 

excitation has been carried out. As part of the study, all 

models have been analyzed systematically, and validated by 

the synthesis of various experimental data from available 

literature. Based on the analytical study and experimental 

validation, the four degree-of-freedom (DOF) model is 

developed. A simple model that captures the essential 

dynamics of a seated human exposed to whole body 

vibration.) investigated in recitation the motions of a seated 

body, two multi body models representative of the 

automotive postures, one with and the other without a 

backrest support. On the basis of the analytical study and the 

experimental validation, the fourteen-degrees-of-freedom 

model anticipated in this research was found to be best fitted 

to the test results. 

M.R.Phate et al.[5]  has already explained the 

analysis of vibrations impact on different parts of human 

body while performing operation on lathe machine in 

standing posture. Multi degree freedom vibratory lumped 

parameter model is developed to investigate biodynamic 

response of different masses &stiffness[9]. The effects of 

mechanical vibrations on the human body can be divided 

into three main groups a)Effects of very low frequency 

vibrations (1-2 Hz) that cause kinetosis, known also as 

motion sickness, car or seasickness. Symptoms include 

malaise, asthenia, dizziness, pallor, cold sweat and nausea. 

b) Effects of low frequency vibrations (2-20 Hz) caused by 

surfaces, plants and machinery. 

Tianjian Ji et. al.[6]  he has analyzed a continuous 

model for the vertical vibration of the human body in a 

standing position. The human body is modeled as a column 

consisted of two uniform members with different properties. 

Based on the planned model, it is found that: 1) the 

elementary mode of the human body shows that all parts of 

the human body vibrate in the identical direction and the top 

of the body has the maximum movement; 2) the modal mass 

of the human body can be designed and the model provides 

a theoretical basis for studying human structure vibration. 

Jaimon Dennis Quadros et al.[7] has the united human body 

and two wheeler is modeled as a lumped parameter system. 

The composite model is analyzed by a computer program 

(MAT Lab) for vertical vibrations responses of the body 

parts to vertical vibrations inputs (sinusoidal) applied to 

wheels. Therefore it is necessary to estimate the influence of 

vibration to the human body and to make up proper 

guidelines for the two wheeler design. 

III. EXPERIMENTATION SETUP 

 

Fig. 2: Experimentation Setup 

A. Response Observation Table: 

   The sitting human model is designed based on the 

literature and the various responses are analytically 

calculated. The various responses are as shown in the 

following table 2. 

FREQUENCY DPMI APMS STHT 

0.5 0.032 50.23 1 

1 266.0995 52.23 1.02 

2 484.3015 53.12 1.09 

3 630.8715 57.85 1.82 

4 1118.5245 60.35 1.35 
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5 2627.5635 79.85 1.32 

6 2784.6145 79.72 1.31 

7 2451.6345 60.64 1.23 

8 2153.6735 39.56 1.02 

9 1953.2125 28.26 0.79 

10 1847.6735 28.65 0.72 

11 1680.1445 19.28 0.66 

12 1645.1125 17.84 0.57 

13 1563.1015 19.28 0.46 

14 1501.3435 16.78 0.43 

15 1493.3405 15.58 0.39 

16 1488.2325 15.45 0.37 

17 1487.3415 13.65 0.36 

18 1487.3385 12.89 0.32 

19 1487.3385 12.36 0.32 

20 1487.3385 12.34 0.26 

Table 2 : Biodynamic responses for the human sitting 

posture 

IV. RESULTS AND DISCUSSION 

Response Behaviours of the Human Seated Body Posture 

A. Effect of Different Body Masses- 

A Response Behaviours of the Human Seated Body Posture. 

The body mass is used to investigate the effect of mass on 

the response behaviours of human body (DPMI APMS & 

STHT) as shown in the following figures 2,3 & 4. From 

these figures, one can see that by increasing the human body 

mass, the biodynamic response characteristics of seated 

human body (STHT, DPMI, and APMS) are increased 

 
Fig. 2: Effect Of Mass On DPMI 

 
Fig. 3: Effect Of Mass On APMS 

 
Fig. 4: Effect Of Mass On STHT 

B. Effect of stiffness coefficient 

Stiffness is used to investigate the effect of  stiffness on the 

response behaviours of human body (STHT, DPMI and 

APMS) are shown in figure 5,6 & 7. From these figures, it is 

clear that by increasing the stiffness, the biodynamic 

response characteristics of seated human body (STHT, 

DPMI, and APMS) are increased. 

 
Fig. 5: Effect of Stiffness on DPMI 

 
Fig. 6: Effect of Stiffness on APMS 

 
Fig. 7: Effect of Stiffness on STHT 
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C. Effect of Damping Coefficient 

The damping coefficient  is used to investigate the effect of 

damping coefficient on the response behaviours  of human 

body (STHT, DPMI and APMS) as shown in figure 8,9 & 

10. From these figures, it is clear that by increasing damping 

coefficient, the biodynamic response characteristics of 

seated human body (STHT, DPMI, and APMS) are 

decreased. 

 
Fig. 8: Effect of Damping Coefficient on DPMI 

 
Fig. 9: Effect of Damping Coefficient  on APMS 

 
Fig. 10: Effect of Damping Coefficient  on STHT 

V. CONCLUSION 

The present work helps to analyze the impact of human 

body weight, stiffness and damping coefficients on various 

biodynamic responses. Such as STHT, DPMI, AND APMS. 

The minimum value of above biodynamic responses is 

indicator of effective and comfortably uses of human 

recourses. For above situation the minimum values of 

STHT,DPMI and APMS are 1,0.032 and 50.23. The present 

work helps for industry and society. 
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