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  Abstract  

The variable speed coupling is a fluid coupling which transmits the energy by the mass forces of fluid which is circulated 

in a closed system between an impeller on the driving (primary) shaft and a runner of similar design on the driven 

(secondary) shaft. 

 

The type of coupling used here is Geared variable speed turbo coupling. Secondary shaft is a critical component in the 

power transmission dynamics of a geared variable speed turbo coupling. The function of the secondary shaft is to hold 

the secondary wheel and to transmit the power to the driven machine. During this process the secondary shaft has to 

counter the axial forces generated from the secondary wheel and resist any axial movement. 

 

In order to prevent the axial movement, the secondary shaft is provided with a suitable wear resistant COLLAR at an 

appropriate position, which is located in between the thrust bearings. In the existing design, the collar has three elements. 

The central part of the collar which is integral with the secondary shaft. The wear resistant part is made up of two 

separate thrust rings located and fixed on either side of the central part which is integral with the secondary shaft. 

 

In the existing design, the collar is an assembly of three elements. The manufacturing cost is high due to difficulty in 

machining of three individual elements which demand very precise control over dimensions, form and position 

tolerances in order to achieve uniform contact with the thrust bearings in countering the axial forces. By considering this 

aspect design optimization is carried out on this shaft. 

 

The optimized shaft is considered for finite element analysis to analyze whether the shaft will be able to with stand the 

loads without failures under given operating conditions. The stresses and deflections induced in the shaft due to various 

loads are obtained from the post processing are discussed and reported. 

 

The analysis is carried out using FEM packages HYPERMESH and ANSYS.  
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Introduction : 

 

The variable speed turbo coupling is a fluid 

coupling which transmits the energy by the mass 

forces of fluid, which is circulated in a closed 

system between an impeller on the driving 

(primary) shaft and a runner of similar design on 

the driven (secondary) shaft. Figure shows 

Variable Speed Geared Coupling Horizontal 

section.  

A secondary shaft is a rotating machine element, 

which is used to transmit power from one place to 
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another. The power is delivered to the shaft by 

some tangential force and the resultant torque 

(twisting moment) set up within the shaft. In 

order to transfer the power from one shaft to 

another, the various members such as parallel 

keys, shaft couplings, etc., are mounted on it. 

These members along with the forces exerted 

upon them causes the shaft to bending. In other 

words, a shaft is used for the transmission of 

torque and bending moment. The various 

members are mounted on the shaft by means of 

keys and bolts.  

 

 
 

Problem Definition: 

 

A Secondary shaft is a rotating machine element, 

which is used to transmit power from one place to 

another. The power is delivered to the shaft by 

some tangential force and the resultant torque 

(twisting moment) set up within the shaft. In 

order to transfer the power from one shaft to 

another, the various members such as parallel 

keys, shaft couplings, etc., are mounted on it. 

These members along with the forces exerted 

upon them causes the shaft to bending. In other 

words, a shaft is used for the transmission of 

torque and bending moment. The various 

members are mounted on the shaft by means of 

keys and bolts. 

 Existing shaft collar is an assembly of 

three elements i.e Collar, LHS thrust 

ring and RHS thrust ring. 

 So the Manufacturing cost of producing 

of that collar is high.  

 By considering this aspect design 

Modification is carried out on this shaft.  

 The Modified design of shaft is 

considered for finite element analysis to 

analyze whether the shaft will be able to 

with stand the loads without failures 

under given operating conditions.  

 

Existing Design: 

 The existing design of the collar is an 

assembly of three elements with precise 

location and butting surfaces. 

 To generate these surfaces with high 

degree of perfection, different 

machining processes are involved. 

 The manufacturing cost is high due to 

the precise control over dimensions, 

form and position tolerances. 

Present Design: 

 The modified design is of solid collar 

without any additional elements 

 The modified design of the collar is not 

an assembly of three elements but it is 

an integral element with the main shaft 

itself 

 There are no additional machining 

processes involved in producing the 

Collar, as it is integral with the main 

shaft.  

 

Need For New Design : 

 Ease of manufacture and cost savings on 

machining 

 To have homogeneous secondary shaft 

 To have simpler Design 
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Objective of Project Work : 

 

Analysis is carried out on this shaft using Finite 

Element Method.  

 Static analysis is performed and stresses 

in all the members are determined.  

 Modal analysis is done to determine 

natural frequencies, mode shapes etc. 

Comparison of results obtained from Analysis 

with theoretical Calculation for the validation of 

analysis 

 

Fea As A Design Tool : 

 

1. Changing responsibilities of design engineers. 

Due to competitive pressures as well as the 

availability of CAE tools, since early 1990’s the 

responsibilities of design engineer have been 

steadily expanding from just designing to 

geometry creation with CAD and design analysis, 

most often performed with FEA (figure 1). To 

make sure that FEA performs in the hands of 

design engineers as a productivity tool, design 

engineers must be provided with training that 

addresses the needs of this relatively new type of 

users. 

 

 
Finite Element Analysis (FEA) for a perspective 

of a design engineer, is one of many tools of 

design analysis. Therefore, it is appropriate to 

position it first among other design analysis tools. 

Design analysis can be conducted by on real 

objects or on models that represent certain 

aspects of the real object. If models are used 

instead of real objects, the analysis can be 

conducted earlier in the design process, long 

before the final product or even prototypes are 

built. Those models used for design analysis can 

take the form of physical models (for example: 

scaled down models, mockups, photo elastic 

models) or mathematical models where certain 

behavior of a part or a structure is described by a 

mathematical apparatus. The design analysis 

conducted with the use of mathematical models 

can be further broken down based on what 

methods are used to obtain solution. Simple 

mathematical models can be solved analytically. 

More complex models require the use of 

numerical methods and this is where the FEA 

comes in. FEA is one of many numerical methods 

used to solve complex mathematical models. It is 

particularly well suited to solving structural and 

thermal problems commonly challenging 

mechanical design engineers. 

 

Definition Of Static Analysis 

A static analysis calculates the effects of steady 

loading conditions on a structure, while ignoring 

inertia and damping effects, such as those caused 

by time-varying loads. A static analysis can, 

however, include steady inertia loads (such as 

gravity and rotational velocity), and time-varying 

loads that can be approximated as static 

equivalent loads (such as the static equivalent 

wind and seismic loads commonly defined in 

many building codes). 

Static analysis is used to determine the 

displacements, stresses, strains, and forces in 

structural or components caused by loads that do 

not induce significant inertia and damping 

effects.  Steady loading and response conditions 

are assumed; that is, the loads and the structure’s 

response are assumed to vary slowly with respect 

to time.  The kinds of loading that can be applied 

in a static analysis include: 

 Externally applied forces and pressures 

 Steady-state inertial forces (such as 

gravity or rotational velocity) 

 Imposed (non-zero) displacements 

 Temperatures (for thermal strain) 

 Fluences (for nuclear swelling) 
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A static analysis can be either linear or 

nonlinear.  All types of nonlinearities are allowed 

– large deformations, plasticity, creep, stress, 

stiffening, contact (gap) elements, hyper elastic 

elements, and so on. 
 

Definition Of Modal Analysis 

 

Modal analysis is to determine the vibration 

characteristics (natural frequencies and mode 

shapes) of a structure or a machine component 

while it is being designed. It also can be a starting 

point for another, more detailed, dynamic 

analysis, such as a transient dynamic analysis, a 

harmonic response analysis, or a spectrum 

analysis. The natural frequencies and mode 

shapes are important parameters in the design of a 

structure for dynamic loading conditions. They 

are also required if you want to do a spectrum 

analysis or a mode superposition harmonic or 

transient analysis. You can do modal analysis on 

a prestressed structure, such as a spinning turbine 

blade. Another useful feature is modal cyclic 

symmetry, which allows you to review the mode 

shapes of a cyclically symmetric structure by 

modeling just a sector of it. 

 

 

OVERVIEW OF STEPS IN A MODAL 

ANALYSIS 

The procedure for a modal analysis consists of 

four main steps:  

Build the model. 

1. Apply loads and obtain the solution. 

2. Expand the modes. 

3. Review the results. 

 

 

 

 

Results And Conclusions 

 

Static Analysis: 

 

From the post processing, the following results 

are obtained. 

 

 

Existing Design : 

 

DEFLECTIONS : 

The maximum resultant value of deformation is 

found to be 0.53mm, which is less than the 

permissible value (1.5 mm).  Hence the design is 

safe based on strength.  

 

VONMISES STRESS : 

Vonmises stress in the shaft and it is maximum at 

the flange end due to the offset distance from the 

axis of the shaft.  The maximum stress induced is 

161.845 N/mm2.  The yield strength of the 

material is 560 N/mm2.  The factor of safety is 

3.4.  

  

SHEAR STRESSES : 

The maximum shear stress will come at min 

diameter of the shaft  and it is observed 75.905 

N/mm2. It is almost equal to the calculated 

theoretical value 71.031 N/mm2. Hence the 

design is safe based on the strength. 

 

Modified Design : 

 

DEFLECTIONS : 

The maximum resultant value of deformation is 

found to be 0.8592mm which is less than the 

permissible value (1.5 mm).  Hence the design is 

safe based on strength.  

 

VONMISES STRESS : 

Vonmises stress in the shaft and it is maximum at 

the flange end due to the offset distance from the 

axis of the shaft.  The maximum stress induced is 

160.56 N/mm2.  The yield strength of the material 

is 560 N/mm2.  The factor of safety is 3.4.  
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SHEAR STRESSES : 

The maximum shear stress will come at min 

diameter of the shaft and it is observed 74.023 

N/mm2. It is almost equal to the calculated 

theoretical value 71.031 N/mm2. Hence the 

design is safe based on the strength. 

 

 

Modal Analysis:  

 

The modal analysis is done to determine the 

natural frequency of vibration of the rotating 

primary shaft and also to determine the mode 

shapes. In the analysis self-weight of the shaft is 

not considered as its mass properties are 

considered for the analysis. 

 

The density of shaft material 7850 kg/m3 

The young’s modulus 2x1011 N/m2.   

The poison’s ratio 0.3 

 

The first ten natural frequencies computed are 

shown in table From the table it is observed that 

the fundamental frequency is 23.574 Hz and the 

tenth mode frequency is 150.41Hz 

 

Existing Design 

 

The operating frequency is 84.45 Hz.  Hence all 

the natural frequencies are outside the operating 

frequency.  No resonance occurs at any point of 

time. Therefore the shaft can be operated safely 

during its speed of rotation.  

 

Modified Design 

The first ten natural frequencies computed are 

shown in table From the table it is observed that 

the fundamental frequency is 22.169 Hz and the 

tenth mode frequency is 156.01Hz 

 

The operating frequency is 84.45 Hz.  Hence all 

the natural frequencies are outside the excitation 

frequency.  Therefore no resonance occurs at any 

point of the time and the shaft can be operated 

safely during its speed of rotation 

 

COMPARISION OF RESULTS:  

 

 

Conclusions:  

 

 

The following conclusions are drawn from the 

present work : 

 The maximum deflection, shear stress 

and vonmises stresses are within the 

allowable limits. The design of the shaft 

is stable under rigidity and strength 

criteria. 

 The fundamental frequency is obtained 

from Analysis and theoretically is 

outside the operating frequency is 84.4 

Hz. So, the shaft is run under safe 

conditions. 

 Due to the modified design, the cost of 

additional machining processes and cost 

of additional parts like, Thrust Rings on 

RHS and LHS are saved. 

 Apart from substantial savings on 

machining, additional parts like thrust 

rings are eliminated with a 

homogeneous secondary shaft, which is 

safer than an assembled one rotating at 

very high speed. 
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