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Abstract— The coupling is the device which is used to 

connect two shaft together at their ends for the purpose of 

transmitting the power or the torque. Further, the couplings 

are used to accommodate misalignment and also to 

compensate end movement in the system. Though the 

couplings are used in many area but this research is focusing 

on the use of coupling in Over Head Crane. Over the years, 

a variety of different approaches have been made to attain 

improvements in design of coupling tooth area whether it is 

crown one or straight one. Also the improvement is done in 

the area of misalignment compensation. Also the research 

have been done on the load carrying capacity of the 

coupling hub teeth and also on the rigidity of the coupling 

tooth. But here, this research have put attention on to 

increase the torque transmitting capacity of the coupling. To 

achieve the goal, here in this research there is no geometric 

modification done. As material selection is the part of 

designing, so by selecting proper and better material with 

good strength to weight ratio can attain the goal of better 

torque transmission. Here FEA is done on both coupling 

with existing material and modified material and from the 

FEA and theoretical results, it is found that the increase in 

torque transmission efficiency by choosing proper material 

is about 28.57%. 

Key words:  Gear Coupling, torque transmission efficiency, 

Bending Stress, Static Analysis 

Nomenclature: 

m                  Module 

z                   No of teeth 

d                   Pitch diameter 

h1                 Addendum 

h2                 Dedendum 

D1                Addendum circle diameter 

b                   Face width of tooth 

t                    Thickness of tooth 

h                   Height of the tooth 

hw                 Working depth of the tooth 

Ds                 Shaft diameter 

Ft                  Tangential load 

fb                  Bending stress 

Y                  Form factor 

Cv                 Velocity factor 

V                  Velocity 

N                  Speed 

P                   Power 

T                   Torque 

Co                 Over load factor 

I. INTRODUCTION 

An overhead crane means a crane with a movable bridge 

carrying a movable or fixed hoisting mechanism and 

travelling on an overhead fixed runway structure. In an 

overhead cranes the torque can be transmitted by use of gear 

coupling. And the coupling is a device which is used to 

connect two shaft together at their ends for purpose of 

transmitting the power or the torque. The gear couplings are 

used to connect shafts and compensate offsets between 

them. They consists of two shaft hubs with external teeth, 

which are connected by a cage (usually of two pieces) 

containing internal teeth (Fig.1). 

 
Fig. 1: Gear Coupling 

The Sahara Engineers is one of the main producers 

of gear couplings. The normalized gear couplings series 

includes 19 sizes. Gear couplings sizes 100-108 are 

designed to transmit torques from 50 Kg. M. to 4500 Kg. M. 

and the large gear coupling sizes from 109-119 with a load 

capacity from 5600 Kg. M. to 149000 Kg. M. When 

designing the gear connections such geometrical parameters, 

materials and methods of hardening are laid, so that at the 

given external loading conditions – torque, speed and 

distortion angles to ensure reliability of their work on the 

criteria of the failure of teeth and the contact destruction of 

their active surfaces. However, providing these conditions 

does not rule out a gradual wear and a failure of gear 

conditions, when their teeth reach a critical thickness. 

Research work to increase the service life of gear 

connections are constantly going on. 

II. LITERATURE SURVEY 

The gear couplings have been investigated by several 

researchers. Laszlo Kelemen and Jozsef Szente [1] aim is to 

compare the obtained crowned toot profiles for the two 

examined models and to investigate the results. From the 

numerical results, it was found that the two profile shows 

indistinguishable differences. Slim Bouaziz [2] presents the 

effect of angular misalignment on the transient dynamics of 

a rotor-Active Magnetic Bearings systems was examined 

with numerical analysis. Sergey LAGUTIN [3] presents the 

improvement in the load carrying capacity of the couplings 
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the cage and hub teeth at their bases have to be equal in 

bending strength. And to get improvement in the load 

carrying capacity of the gear coupling the author have made 

tangential modification and addendum modification. 

Zhansheng Liu’s paper [4] presents the work is devoted 

toward  the analysis of radial resultant force due to parallel 

misalignment in a gear coupling, to aid practical rotating 

equipment engineers to gain inclusive and principled 

understanding of the role played by misalignment. M.A. 

Alfares’s paper [5] objective is to develop a comprehensive 

contact algorithm to determine gear coupling tooth clearance 

distribution (i.e. the hub external tooth surface relative to 

sleeve internal tooth surface) due to angular misalignment of 

crowned gear coupling at a given meshing angle. K.D. 

Dadhaniya and K.M. Vyas’s paper [6] presents the effect of 

pressure angle on asymmetric involute spur gear. And 

concluded that asymmetric teeth have better performance 

than symmetric teeth by keeping the pressure angel same 

with minimizing bending stress. Ram Krishna Rathore and 

Abhishek Tiwari paper [7] objective of this study focuses on 

the reduction of stresses occur on spur gear by mean of 

different stress relief features. The bending stress has to be 

analyzed by means of analytical and FEA method then 

further the gear. After that some advance optimization 

techniques are also employed in order to get the refine 

data’s on the basis of previously generated stress relief 

features. This paper focusing on the important phenomena 

of Bending stress and its fatigue life. By this paper the 

researchers want to offers a unique and comprehensive 

process for the design and optimization of spur gear bending 

stress and related fatigue life. For reduction in bending 

stress and fatigue life of spur gear, here in this research the 

author have introduce the use of stress relief features. And 

by doing this the reduction in bending stress is about 

approximately 21% and the enhancement in fatigue life is 

about double of the present one. 

III. DESIGN OF EXISTING GEAR COUPLING 

As in this research, our goal is to increase the transmission 

efficiency of the crane. And we know the torque can be 

transmitted by using gear couplings in the crane. We know 

that the critical component in the coupling is hub, so here 

we are assume maximum torque and apply that maximum 

torque on hub with different material. So, here by applying 

maximum torque we will check the strength of the hub 

which is contains spur gear. So the strength of hub with spur 

gear can be find out by using Lewis equation and design 

data of hub is given below. 

 

The design data of hub is given below: - 

Module (m) = 4 

No of teeth (z) = 48 

Pitch diameter (d) = m x z = 192 mm 

Addendum (h1) = m = 4 mm 

Dedendum (h2) = 1.25m = 5 mm 

Addendum circle diameter (D1) = d + 2h1 = 200 mm 

Face width of hub tooth (b) = 35 mm 

Thickness of tooth (t) = 
     

 
 = 6.28 mm 

Height of the tooth (h) = 9 mm 

Working depth of the tooth (hw) = 2*m = 8 mm 

Shaft diameter (Ds) = 60 mm 

Now, the present material, which is Alloy Steel 

4118, Physical & Mechanical properties is listed in blow 

Table 1. 

Properties Value with Unit 

Tensile Strength, Ultimate 725 Mpa 

Tensile Strength, Yield 621 Mpa 

Density 7700 Kg/m
3
 

Elastic Modulus 210 Gpa 

Poisson’s ratio 0.28 

Hardness, Brinell 350 

Table 1: Physical & Mechanical properties of Alloy Steel 

4118 

Now the analytical calculation of existing coupling is listed 

below: - 

Ft = fb * b * m * Y * Cv Newton………… (1) 

Y = π x y………… (2) 

Cv = 
  

   √    
 ……… (3) 

Now find the value of Y and Cv, 

y = 0.154 – 
     

 
 = 0.135 (Take z = 48) 

So from equation (2), Y = 0.4241 

Now find the value of Cv = 
  

   √    
 

Where V = 
         

  
  (Here N = 1000 RPM) 

               = 10.05 m/s 

So from equation (3), Cv = 0.5272 

Now, find tangential load, 

Ft =  
             

 
 N…………… (4) 

Now to find tangential load, we have to find the power 

required to transmit the maximum torque as we have 

assumed, 

P = 
             

  
 kW………… (5) 

Take T = 1.4 x 10
6
 

P = 155 kW 

Now, take Co = 1.25, so from equation (4), Ft = 19095 N 

Now put the value of Y, Cv, Ft in equation (1), so fb = 

611.89 Mpa 

So here the bending stress is less the material strength. (i.e. 

611.89MPa < 621 MPa)  

IV. DESIGN OF MODIFIED GEAR COUPLING 

First, we will take one material that is EN8D Forged Steel, 

and here we will keep the value of Cv, Co, Y and V same as 

above, we will find the bending stress for this material at 1.8 

x 10
6
 Nmm. And the material physical and mechanical 

properties are listed in below Table 2. 

Properties Value with unit 

Density 7850 Kg/m
3
 

Tensile Strength, Ultimate 1050 MPa 

Tensile Strength, Yield 862 MPa 

Compressive Strength 862 MPa 

Hardness, Brinell 300 BHN 

Poisson’s ratio 0.28 

Elastic modulus 210 GPa 

Table 2: Physical & Mechanical Properties of EN8D Forged 

Steel 
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Now, by using equation (5), the value of power at 

1.8 x 10
6
 Nmm torque is, P = 200 kW 

Now, by putting the value of power in equation (4), 

we will find the value of Ft = 24583 N 

Now, put the values of Ft, Cv, V and Y in equation 

(1), the bending stress, fb = 785.35 MPa 

So here the bending stress is less than the material 

strength. (i.e. 785.35 MPa < 862 MPa) 

Second, we will take one material that is C45 

Medium Carbon Steel, and here we will keep the value of 

Cv, Co, Y and V same as above, we will find the bending 

stress for this material at 1.2 x 10
6
 Nmm. And the material 

physical and mechanical properties are listed in below Table 

3. 

Now, by using equation (5), the value of power at 

1.2 x 10
6
 Nmm torque is, P = 135 kW 

Now, by putting the value of power in equation (4), 

we will find the value of Ft = 16791 N 

Now, put the values of Ft, Cv, V and Y in equation 

(1), the bending stress, fb = 536.42 MPa 

So here the bending stress is less than the material 

strength. (i.e. 536.42 MPa < 590 MPa) 

Properties Value with unit 

Density 7850 Kg/m
3
 

Tensile strength, Ultimate 785 Mpa 

Tensile Strength, Yield 590 Mpa 

Elastic Modulus 210 Gpa 

Hardness, Brinell 270 BHN 

Poisson’s ration 0.29 

Table 3: Physical & Mechanical Properties of C45 Medium 

Carbon Steel 

So, here by analytical method we found that, the EN8D 

forged steel material can transmit higher torque than the 

Alloy Steel 4118. Now we will see the FEA analysis of both 

existing and modified gear coupling.  

V. FINITE ELEMENT ANALYSIS OF GEAR COUPLING 

First, we will see the analysis of the gear coupling with 

present material. Here the analysis is being done in ANSYS 

Workbench 14.0 and we will see the step of analysis now. 

A. Gear Coupling with Alloy Steel 4118 Material: 

The boundary condition and moment applied is shown in the 

below Figure 2. Here the fix support is applied at the shaft 

diameter side and also at the two sides of internal gear as 

shown in Figure 2. And the equivalent Von-Mises stress 

generated in Alloy Steel 4118 at 1.4 x 10
6
 Nmm is shown in 

Figure 3. 

 
Fig. 2: Boundary condition and Moment applied 

 
Fig. 3: Equivalent Von-Mises Stress in Alloy Steel 4118 

Here, we can see that the Maximum stress generated in gear 

coupling with Alloy Steel 4118 material is 608.23 MPa 

which is less than that of material strength and also the value 

is near about theoretical value. 

Now we will see the analysis result for both EN8D 

Forged Steel material and also for C45 Medium Carbon 

Steel. 

B. Gear Coupling with EN8D Forged steel Material 

The boundary condition and moment applied is shown in the 

below Figure 4. Here the fix support is applied at the shaft 

diameter side and also at the two sides of internal gear as 

shown in Figure 4. And the equivalent Von-Mises stress 

generated in Alloy Steel 4118 at 1.8 x 10
6
 Nmm is shown in 

Figure 5. 

 
Fig. 4: Boundary Condition & Moment Applied 

 
Fig. 5: Equivalent Von-Mises Stress in EN8D Forged Steel 

Here, we can see that the Maximum stress 

generated in gear coupling with EN8D Forged Steel material 
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is 782.01 MPa which is less than that of material strength 

and also the value is near about theoretical value. 

C. Gear Coupling with C45 Medium Carbon Steel 

Material: 

The boundary condition and moment applied is shown in the 

below Figure 6. Here the fix support is applied at the shaft 

diameter side and also at the two sides of internal gear as 

shown in Figure 6. And the equivalent Von-Mises stress 

generated in Alloy Steel 4118 at 1.2 x 10
6
 Nmm is shown in 

Figure 6. 

 
Fig. 6: Boundary Condition & Moment Applied 

 
Fig. 7: Equivalent Von-Mises Stress in C45 Medium Carbon 

Steel 

Here, we can see that the Maximum stress 

generated in gear coupling with C45 Medium Carbon Steel 

material is 517.8 MPa which is less than that of material 

strength and also the value is near about theoretical value. 

VI. COMPARISON OF RESULTS 

Before comparison, we will see the result obtained by FEA 

analysis and it’s shown in the Table 4 below. 

Equivalent Stress (Mpa) of Material According to 

Applied Torque 

Torque 

(Nmm) 

Alloy Steel 

4118 

Forged steel 

EN8D 

C45 Medium 

Carbon Steel 

1.2 x 10
6
 521.34 521.34 517.8 

1.4 x 10
6
 608.23 608.23 

Material will 

failed 

1.8 x 10
6
 

Material 

will failed 
782.01 

Material will 

failed 

Table 4: The Equivalent Stress obtained in FEA 

From above table we can say that at 1.2 x 10
6
 Nmm 

torque all the material can sustain but when we increases the 

toque to 1.4 x 10
6
 Nmm the C45 medium carbon steel 

material will failed and other two material that is Alloy Steel 

4118 and EN8D forged steel can sustain but when we 

further increase the torque up to 1.8 x 10
6
 Nmm we found 

out that only EN8D forged steel can sustain and other two 

material will failed. 

Now, we will see the comparison of theoretical and 

FEA results, and the comparison table is shown in Table 5 

below. 

The Max stress 

value of Alloy 

Steel 4118 at 1.4 x 

10
6
 Nmm (Mpa) 

The Max stress 

value of EN8D 

Forged Steel at 

1.8 x 10
6
 Nmm 

(Mpa) 

The Max stress 

value of C45 

Medium Carbon 

Steel at 1.2 x 10
6
 

Nmm (Mpa) 

Theoretic

al 
FEA 

Theoretic

al 
FEA 

Theoretic

al 
FEA 

611.89 
608.2

3 
785.35 

782.0

1 
536.42 

517.

8 

Table 5: Comparison of Theoretical and FEA results of 

stresses of different materials at different torque values 

The comparison of theoretical and FEA results of 

stress of different material at different torque value is shown 

in table 4.8. From the table we can say that the theoretical 

result of stress and FEA result of stress are nearby same. 

And also by comparing the theoretical result we can say that 

the better material for gear coupling is EN8D forged steel. 

Now, in the last we will see the final comparison 

table which shows the all necessary information that we 

required like comparison stress at related torque value, 

percentage increase in torque transmission capacity, cost, 

strength to weight ratio, tangential force, power required to 

transmit the required torque and other geometric details of 

gear coupling hub with spur gear. So all these details are 

shown in the Table 6 below. 

 

Sr. No Description 
Alloy Steel 4118 

( Present) 
EN8D Forged Steel C45 Medium Carbon Steel 

1 Face width of teeth (mm) 35 35 35 

2 No of teeth (z) 48 48 48 

3 module (mm) 4 4 4 

4 Weight (Kg.) 21.712 22.135 22.135 

5 PCD (mm) 192 192 192 
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6 RPM 1000 1000 1000 

7 Velocity (m/s) 10.05 10.05 10.05 

8 Equivalent stress at 1.2 x 106 Nmm in Mpa 521.34 521.34 517.8 

9 Equivalent stress at 1.4 x 106 Nmm in Mpa 608.23 608.23 Material will failed 

10 Equivalent stress at 1.8 x 106 Nmm in Mpa Material will failed 782.01 Material will failed 

11 Increase in torque transmission capacity (%) - 28.57 - 

11 Force at Maximum torque (N) 19095 24583 16791 

12 Power required at Maximum torque (kW) 155 200 135 

13 Strength/Weight Ratio 28.60 38.94 26.65 

14 Cost (Rs./Kg) 58 65 55 

Table 6: Final Comparison table

The final comparison table is listed above in table 

4.9. So from above table we can say that the torque 

transmission efficiency of gear coupling can be increased by 

using better and proper material. Here the increase in torque 

transmission capacity is 28.57 % than the present material. 

Also the strength to weight ratio of EN8D forged steel is 

higher than the present material that is Alloy Steel 4118. 

VII. CONCLUSIONS 

To increase the torque transmission capacity of the coupling 

there are many researches have been done on tooth 

geometry. But here without changing any geometric 

condition of spur gear and by only implementing material 

the goal is achieved and for that analysis is being done in 

ANSYS and match it with theoretical result. 

When hub with Alloy Steel 4118 material is used 

the theoretical bending stress is found at 1.4 x 10
6
 Nmm is 

around 611.89 Mpa and the ANSYS shows that the 

maximum stress produced at same torque is 608.23 Mpa. 

When hub with EN8D forged steel material is used the 

theoretical bending stress is found at 1.8 x 10
6
 Nmm is 

around 785.35 Mpa and ANSYS shows that the maximum 

stress produced at same torque is 782.01 Mpa. 

When hub with C45 Medium carbon steel heat 

treated is used the theoretical bending stress at 1.2 x 10
6
 

Nmm is found to be 536.42 Mpa but ANSYS shows that the 

maximum stress at same torque is around 517.8 Mpa. 

Here, the all theoretical and FEA results shows that 

the coupling with EN8D Forged steel material can transfer 

the maximum torque of 1.8 x 10
6
 Nmm but the other two 

material at this torque will failed. 

Also the strength/weight ratio of the EN8D forged 

steel is 38.94 which is higher than the present material that 

is Alloy Steel 4118 and also higher than the other selected 

material that is C45 Medium carbon steel. 

In the last the percentage increase in the torque 

transmission efficiency than the present condition is 

28.57%. 
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