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Abstract: The performance of the cutting tool while turning operation depends on the material strength, structural 

design and attachment configuration. For different configurations such as simply supported and fixed (clamped) end, 

the structural strength of the tool varies along length of the cutting tool. The present study encompasses the structural 

analysis of cutting tool in two different conditions of simply supported and fixed-end conations by means of numerical 

simulation techniques. The analysis shows that the simply supported conditions distribution of stress from minimum to 

maximum variations along the length of the tool periodically; whereas the fixed/clamped scenario lead to the maximum 

value at the end of the tool other than the clamped one along with the distributions of the minimum to mid-range values 

along the length of the cutting tool.  
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I. INTRODUCTION 

Instrument vibration is an overall definition to portray the 

intermittent variety of the general uprooting among 

apparatus and work-piece when its characteristic source isn't 

plainly or not really perceived [1]. A specific level of 

relative vibration among apparatus and work-piece is 

unavoidably experienced to crumble surface quality and 

surface profiles at the tiny level [2][3]. Because of the 

adverse consequence of vibration upon surface age, 

scientists have tentatively and hypothetically considered the 

point [4].  

Vibration assumes a critical part in surface age in 

machining measure [5]. Broad examination has been 

completed on vibration qualities and their impact on surface 

age. Some characteristic vibration has been perceived, for 

example, apparatus tip vibration and material instigated 

vibration, named latent vibration [6]. Furthermore, vibration 

applications have been incredibly improved, for example, 

quick apparatus servos/moderate device servos, and super 

sonic vibration, named dynamic vibration [7]. Be that as it 

may, on-line estimation for vibration ID, vibration 

instrument, prattle vibration, birthplaces of vibration have 

not been adequately researched [8]. Essentially, it is 

workable for dynamic vibration to additionally improve 

Nano-metric surface quality debased by inactive vibration 

[9][10]. 

A powerful model is characterized as a period differing 

measure but instead that the condition of the cycle 

eventually to is reliant on the development on the condition 

of the interaction throughout the time stretch [0, to]. It is 

likewise used to communicate and show the conduct of the 

framework after some time [1]. In this exploration, another 

numerical model for turning metal work pieces which 

consider the work\ piece as an adaptable work piece and 

cutting apparatuses as an adaptable cutting device with the 

regenerative prattle impacts is created by consolidating idea 

of both powerful models from two principle gatherings of 

specialists; underlying dynamists and assembling engineers 

[11][12]. Beforehand, most investigations of dynamic 

models of turning activity by and large accepted the work 

piece to be inflexible and have accordingly, overlooked 

work-piece distortion [2][13]. Be that as it may, by and by, 

the work piece goes through distortion because of an 

outside power by the cutting apparatus. This misshapening 

influences and changes the chip thickness [14]. There are no 

powerful models discovered beforehand that considered the 

work piece and cutting apparatuses as adaptable and 

consequently there is a need to do this exploration [15][16]. 

The subtleties of the improvement of numerical detailing of 

this unique model are altogether examined and clarified 

beneath. 

II. THEORETICAL MODEL  

The turned work piece is displayed as a roundabout shaft 

which is exposed to three directional powers moving along 
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x-pivot and is pivoting about its longitudinal x-hub (refer 

Fig. 1). During turning, as the shaper goes along the work 

piece, the disfigurements delivered in the y and z headings 

by the moving cutting powers are signified by v and w. The 

three directional moving cutting powers are following up on 

the outside of the bar and they have been meant the 

impartial hub of the pillar [17][18]. 

A. Lateral Vibration of Beams 

Consider the free-body diagram of an element of a beam, 

where M(x, t) is the bending moment, V(x, t) is the shear 

force, and f(x, t) is the external force per unit length of the 

beam. Since the inertia force acting on the element of the 

beam is the force equation of motion in the z direction gives 

 

 

Where ρ is the mass density and A(x) is the cross-sectional 

area of the beam. The moment equation of motion about the 

y-axis passing through point O leads to A beam in bending. 

 
Fig. 1. Lateral vibrations of beam 

By writing 

 
and disregarding terms involving second powers in dx, 

 

 

 By using the relation , 

 
From the elementary theory of bending of beams (also 

known as the Euler-Bernoulli or thin beam theory), the 

relationship between bending moment and deflection can be 

expressed as, 

 
where E is Young s modulus and I(x) is the moment of 

inertia of the beam cross section about the y-axis. From the 

above equations, we obtain the equation of motion for the 

forced lateral vibration of a non-uniform beam: 

 
For a uniform beam, 

 

For free vibration,  , and so the equation of 

motion becomes 

 
where,  

 
B. Initial Conditions 

Since the condition of movement includes a second-

request subsidiary concerning time and a fourth-request 

subordinate regarding x, two beginning conditions and four 

limit conditions are required for tracking down a novel 

answer for w (x, t) [19]. Normally, the estimations of 

horizontal relocation and speed are indicated as w0(x) and 

w0(x) at t = 0, so the underlying conditions become, 

 

 
C. Free Vibration 

The free-vibration solution can be found using the 

method of separation of variables as 

 
  

The initial conditions lead to, 
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where a positive constant. The expression can be 

written as two equations: 

 

 
where,  

 
 

The solution can be expressed as 

 
where, A and B are constants that can be found from the 

initial conditions. Assuming, 

 
Where, C and s are constants, and derive the auxiliary 

equation as, 

 
The roots of this equation are 

 
Hence the solution becomes, 

 
where C1 , C2 , C3 and C4  are constants. The equation can 

also be expressed as, 

 

 
Where C1 , C2 , C3 and C4 in each case, are different 

constants. The constants C1 , C2 , C3 and C4can be found 

from the boundary conditions. The natural frequencies of 

the beam are computed as 

 
The W(x) is known as the ordinary mode or trademark 

capacity of the bar and is known as the regular recurrence of 

vibration. For any bar, there will be a limitless number of 

ordinary modes with one characteristic recurrence related 

with every typical mode. The obscure constants C1 to C4 

and the estimation of can be resolved from the limit states 

of the shaft as shown beneath.  

For any pillars, there will be an endless number of 

typical modes with one characteristic recurrence related 

with every ordinary mode. The other partner bunch from 

Dalian University of Technology (DUT) in China has done 

the modular testing for limit work piece in machine to 

decide its common frequencies and mode shapes. Table 

underneath shows the deliberate mode shapes Z, estimated 

frequencies , and 𝛽𝑛 can be determined from condition with 

known length, l = 0.55 m, radius r = 18.5 mm, Young's 

Modulus E = 2.07 x 1011 Pa, and density, 𝝆 = 7817.4 

kg/m3. 

III. BOUNDARY CONDITIONS AND ANALYSIS 

OUTCOMES 

A. Case 1: Simply supported (pinned -pinned) 

Deflection w = 0 and bending moment 

    

Free – Free:   

where, 

 

 

 

 

 

The considered Measured Mode Shapes (Z) along with the 

natural frequency and the rotational speeds along with βn 

values is tabulated in Table 1. The model geometry and the 

simulation outcome for the respective four modes have been 

depicted in Fig. 2. and Fig. 3 respectively. Among the four 

modes, the Mode 4 indicates the higher stress values as 

compared to the rest of the Modes. Moreover, the values of 

frequency in Hz and rad/s for the four variations are 

depicted in Fig. 4 and Fig. 5 respectively. The Mode 4 

indicates the higher frequencies as compared to the rest of 

the cases. 

Table 1. Case 1 parametric values (Simply-supported (SS)) 

Sr. no. Measured Mode Shapes, Z ω (Hz) ω (rad/s) N (rpm) βn 
 

SS Mode 1 1 Z 247.2 1553 1.48E+04 3.14 

SS Mode 2 2 Z 988.7 6212 5.93E+04 6.28 

SS Mode 3 3 Z 2224.5 13977 1.33E+05 9.42 

SS Mode 4 4 Z 3954.7 24848 2.37E+05 12.56 
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Fig. 2. Simply-supported base design 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Fig. 3. Simply-supported base design performance under four different modes (a) Mode 1, (b) Mode 2, (c) Mode 3 and (d) Mode 4 
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Fig. 4. Frequency (in Hz) Vs. measured mode shapes for 

Case 1 

 

Fig. 5. Frequency (in rad/s) Vs. measured mode shapes 

for Case 1 

B. Case 2: fixed (clamped) end 

Deflection = 0, slope:  

The recurrence conditions, the mode shapes, and the 

characteristic frequencies for radiates with basic limit 

conditions are given underneath. We will currently consider 

some other conceivable limit conditions for a beam, 

 

 

Where                            

 

 

 

 

 

The considered Measured Mode Shapes (Z) along with 

the natural frequency and the rotational speeds along with 

βn values is tabulated in Table 2. The model geometry and 

the simulation outcome for the respective four modes have 

been depicted in Fig. 6. and Fig. 7 respectively. Among the 

four modes, the Mode 4 indicates the higher stress values as 

compared to the rest of the Modes. Moreover, the values of 

frequency in Hz and rad/s for the four variations are 

depicted in Fig. 8 and Fig. 9 respectively. The Mode 4 

indicates the higher frequencies as compared to the rest of 

the cases. 

Table 2. Case 2 parametric values (Clamped-end (CL)) 

Sr. no. Measured Mode Shapes, Z w (Hz) w(rad/s) N (rpm) βn 
 

CL Mode 1 1 Z 86.4 543 5.18E+04 1.875104 

CL Mode 2 2 Z 551.8 3467 3.31E+04 4.694091 

CL Mode 3 3 Z 1545.1 9708 9.27E+04 7.854757 

CL Mode 4 4 Z 3027.8 19024 1.82E+05 10.99554 

 

 

Fig. 6. Clamped-end base design 
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(a) 

 

(b) 

 

(c) 

 

(d) 

Fig. 7. Clamped-end base design performance under four different modes (a) Mode 1, (b) Mode 2, (c) Mode 3 and (d) 
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Mode 4 

 
Fig. 8. Frequency (in Hz) Vs. measured mode shapes for 

Case 2 

 
Fig. 9. Frequency (in rad/s) Vs. measured mode shapes 

for Case 2 

IV. CONCLUSION 

The present study encompasses the structural analysis of 

cutting tool in two different conditions of simply supported 

and fixed-end conations by means of numerical simulation 

techniques. The analysis shows that the simply supported 

conditions distribution of stress from minimum to maximum 

variations along the length of the tool periodically; whereas 

the fixed/clamped scenario lead to the maximum value at 

the end of the tool other than the clamped one along with 

the distributions of the minimum to mid-range values along 

the length of the cutting tool. The values of maximum stress 

generated in the case of simply supported and clamped end 

beam configurations are 20.88 and 30.02 MPa respectively. 

Moreover, the natural frequency is observed to increase 

with change in measured mode shapes in both the 

configurations.  
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