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ABSTRACT 
Drive shafts in automobile are subjected to cyclic loads due to variation in the torque demanded. In this project an attempt has 
been made to enhance the property of drive shaft and to increase the lifetime and to reduce the breakage and to make a high 
stiffness and high strength drive shaft for power transmission. Substituting induction hardened En8 material for conventional 
metallic drive shaft has many advantages because of higher specific stiffness due to induction hardening. In the recent days, there 
is a demand for a high stiffness material and this induction hardened En8 seems to be a promising solution for that. We estimated 
the deflection, stresses, and deflection under subjected loads using universal testing machine (UTM). Further comparison carried 
out for both existing steel drive shaft and hardened drive shaft and in the property of the both the drive shafts based on the 
composition. 
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INTRODUCTION 

 

A Drive Shaft is a part of a machine that transmits power to wheels. Drive Shaft must operate through 

constantly changing angles between the transmission and axle. High quality steel (Steel SM45) is a common 

material for construction. A drive shaft is a mechanical component for transmitting torque and rotation, usually 

used to connect other components of a drive train that cannot be connected directly because of distance or the 

need to allow for relative movement between them. Torque carriers, drive shafts are subject to torsion and shear 

stress, equivalent to the difference between the input torque and the load. They must therefore be strong enough 

to bear the stress, whilst avoiding too much additional weight as that would in turn increase their inertia, allow for 

variations in the alignment and distance between the driving and driven components, drive shafts frequently 

incorporate one or more universal joints, cv joints, jaw couplings, or rag joints, and sometimes a splined joint or 

prismatic joint. 

The most common style of U-joints drive shaft is composed of five main elements: the front yoke, the shaft, 

the rear flange and two U-joints. The one end of the drive shaft is typically bolted to the wheel hub, while the 

other end of the shaft usually incorporates a slip yoke that meshes with teeth on the transmission's output shaft. 

The U-joints allow for flexibility to prevent binding and shaft damage under most normal driving conditions.  

Drive shafts are commonly made from mild steel and must be balanced to prevent wobble that could lead to 

damage to the output shaft of the transmission, damage to the yoke or flange or premature U-joint failure in U-

joint shaft, in CV joint shaft twisting of boot, damage to tripod splines, breakage of snap ring and twisting of 

tension spring in the CV joint cup. 



630                   R. Isaac et al., 2017/Advances in Natural and Applied Sciences. 11(4) April 2017, Pages: 629-633 

 

Most automobiles today use drive shafts to deliver power from the engine to the wheels. Most cars made 

today are front wheel drive. In this case, the drive shafts are between the transaxle and each front wheels. In rear 

wheel drive cars, there are drive shafts between the differential and each rear wheel.  

In a rear wheel drive vehicle, for example, the engine under the hood of the car cannot reach the rear wheels. 

It is therefore connected under the hood to a transmission, which then must be linked to the car's rear axle via a 

long drive shaft running the length of the car. In the front wheel drive vehicle the front wheels are powered by the 

CV joint or U-joint connected with the drive shaft by the synchromesh gearbox.  

This drive shaft, sometimes known as a propeller shaft, is connected to the final drive of the transmission, 

sometimes called the differential, located on the rear axle. This rear differential is responsible for redirecting the 

engine's force 90 degrees each way, to the opposing rear wheels. It also allows the wheels to turn at different 

speeds.  

 

 
Fig. 1.1: Drive Shaft 

 

The shafts running from the rear differential to the back wheels are sometimes known as half shafts, but are 

technically also drive shafts since they drive the turning motion of the wheels. The drive-train mechanism, which 

includes the drive shaft, is a complex part of any car. The terms used to refer to its parts vary depending on make, 

model and mechanic. The basic function of any drive shaft, regardless of its name or location, is to transfer 

rotational power between the wheels of the car.               

                                       
 

Fig. 1.2: Components of drive shaft 

 

Problem Identification: 

It is the process of collecting and analyzing data to determine the cause of a failure and how to prevent it 

from recurring. Failure analysis and prevention are important functions to all of the engineering disciplines. 

A component or product fails in service or if failure occurs in manufacturing or during production 

processing. In any case, one must determine the cause of failure to prevent future occurrence, and/or to improve 

the performance of the vehicle. It is possible for fracture to be a result of multiple failure mechanisms or root 

causes. A failure analysis can provide the information to identify the appropriate root cause of the failure. 



631                   R. Isaac et al., 2017/Advances in Natural and Applied Sciences. 11(4) April 2017, Pages: 629-633 

 

                                   
The fundamental natural bending frequency for passenger cars, small trucks, and vans of the propeller shaft 

should be higher than 6,500 rpm to avoid whirling vibration and the torque transmission capability of the drive 

shaft should be larger than 3,500 Nm. The drive shaft outer diameter should not exceed 100 mm due to space 

limitations. Because in case of front engine rear wheel drive vehicles size of drive shaft increases chassis height 

and reduces floor space in passenger compartment. So here outer diameter of the shaft is taken as 90 mm with 

little compromise between strength of drive shaft and decrease chassis height. Presently many SUVs and light 

commercial vehicle using front engine rear wheel drive system.  

The constraints for selecting propeller shaft dimensions are wheel base of vehicle, maximum torque 

transmission capacity and angular velocity of propeller shaft.  

 

Causes In Drive Shaft Failures: 

Most failures are due to unpredictable factors and the solution is to manufacture a high strength drive shaft. 

Predictable failures of drive shafts are 

 

Fatigue crack: 

The cause of a broken shaft is almost always fatigue. A crack starts at a stress concentration from a keyway 

or a sharp radius, or, in rare cases, from a material impurity. Flaws in the surface of a shaft, such as scratches, 

indents or corrosion, may also be the starting point of a fatigue crack. Loads that drive a crack are normally 

torsion loads from direct online starts or bending loads from the hydraulic end. 

 

Defect shaft:  

Defect shafts that have passed the checks in the factory, checks for unbalance, as well as the check at test run 

are very rare. On site, however, it is important to prevent damage from corrosion, indents etc., by proper 

handling. A poorly designed joint between the shaft and the impeller can be detrimental for the system both at 

mount (high mounting forces, impacts) and at run.  

 

Loose connection:  

A loose connection can cause impacts that generate high loads and damage on the shaft and/or impeller. It is 

essential to tighten the bolt(s) in a correct way and with correct torque and lubricate with appropriate lubricant. 

With conical joints, the lubrication is of great importance as the conical sleeve or conical part of the impeller 

climbs up on the shaft and creates the necessary pressure, enabling the holding force. 

 

Plastic deformation: 

Plastic deformation can only occur in extreme load cases when debris is squeezed into a radial clearance that 

results in large deformations. 

 

Misaligned connection:  

This is normally hard to achieve but with incorrect mounting it may occur. 

 

Incorrect mounting: 

Improper mounting out in the field causes a high amount of bearing failures in the shaft. Precautions that 

must be taken include:  

• Everything should be clean and corrosion inhibiting, during mounting and storage. 

• Do not overheat. The max temperature is 150 °C for very short periods. The bearing is stabilized to a 

certain temperature and temperatures above may alter the internal  
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• structure of the material, although it takes some time. The cage may also be damaged if subjected to 

over-heating. 

• Use suitable tools. Avoid mounting in a way that the mounting force goes through the rolling element 

which may cause indentations and destroy the bearing.  

• Use the correct grease or oil and do not overfill. Bearing lifetime is calculated with a specific lubricant. 

Note that different greases and oils may not be mixed, as the result may be disastrous. 

• Use the right bearing as specified Standard bearings may have improper lubricants, clearances, angles or 

be unsuitable in other ways. There are many ways to go wrong and only a few to do it right. Always follow the 

guidelines. 

 The material selection for proper working condition is a major factor for any part in machine assembly. 

• Which part is used for which condition?  

• What types of load are acting on it? 

• What is its reliability?  

This all questions are raised which depends upon proper material selection. The best material is one which 

serve the desired objective at the minimum cost. There are different factors like 

• Availability of the material 

• Suitability of the material for the working conditions in service 

• Cost of the material. 

If proper material is not selected for respective part, that part will not function properly in its intended life. 

The survival of many products depends on how the engineers adjust the maximum stresses in a component to 

be less than the component’s strength at critical locations. The engineer must allow the maximum stress to be less 

than the strength by a sufficient margin so that despite the uncertainties, failure is rare. 

Strength is a property of a material or of a mechanical element. The strength of an element depends on the 

choice, the treatment, and the processing of the material.  

Stress is a state property at a specific point within a body, which is a function of load, geometry, temperature, 

and manufacturing processing. In an elementary course in mechanics of materials,  

Stress related to load and geometry is emphasized with some discussion of thermal stresses. However, 

stresses due to heat treatments, molding, assembly, etc. 

 

Chemical composition of En 8: 
 

 C Mn Si P S Cr 

Min 0.35 0.35 0.60 0.05 0.015 0.015 

Max 0.45 0.45 1.00 0.35 0.06 0.6 

 

Where,  

C-Carbon, MN-Manganese, 

Si-Silicon, P-Phosphorous, 

S-Sulphur, Cr-Chromium. 

 

Mechanical properties of chosen materials: 
Properties En 8 Sm45 

Ultimate Tensile Strength 657/mm^2 580/mm^2 

Yield Strength 465 n/mm^2 min. 465 n/mm^2 min. 

0.2% Proof Stress 443 n/mm^2 min. 445 n/mm^2 min. 

Elongation 30% min. 17.8% min. 

Brinell Hardness 38 HRC 52 RC 

 

Hardening: 

Hardening process is used for parts that wear while operating. During hardening core of the part does not get 

affected much. Hardening increases wear resistance of a component. Most surface treatments result in 

compressive residual stresses at the surface that reduces the chance of crack initiation and does not allow crack 

propagation at the case-core interface. The yield and ultimate strength strongly depend on the hardness level. 

 

Induction hardening: 

Increased demand on power handling capacity of automotive transmission parts requiring high static and 

fatigue strength. Induction heating is a process which is used to bond, harden or soften metals or other conductive 

materials.  

For many modern manufacturing processes, induction heating offers an attractive combination of speed, 

consistency and control. 
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The basic principles of induction heating have been understood and applied to manufacturing since the 

1920s. During World War II, the technology developed rapidly to meet urgent wartime requirements for a fast, 

reliable process to harden metal engine parts. More recently, the focus on lean manufacturing techniques and 

emphasis on improved quality control have led to a rediscovery of induction technology, along with the 

development of precisely controlled, all solid state induction power supplies. 

 

Conclusion: 

The present work have resulted that how drive axial failure can be minimized and how to enhance the 

property of the drive shaft by induction hardening as per the requirement. Induction hardening plays a very 

important part in the static, dynamic and fatigue properties of shafts. Effective and total cases must be considered 

to optimize shaft performance. Hardness appears to be the best predictor of torsional strength, while total case is 

the best predictor of fatigue life. The relationship between stress and torsional strength is certain, but there is a 

considerable amount of scatter or variation.  

It is easy to see that if the range of hardness observed was increased then the property of the shaft was 

enhanced. Hardness must also be considered because it has the different effect as changing the type of material, 

hardening temperature and time taken. 

 

REFERENCES 

 

1. Baryrakceken, H., 2006. “Failure analysis of automobile differential pinion shaft,” Engineering Failure 

Analysis, 13(8): 1422-1428. 

2. Fett, G., 1985. Induction Case Depths for Torsional Applications, Metal Progress, p: 49-52. 

3. Patent US20150111653 - Propeller shaft for vehicle - Google Patents files. 

4. Patent US5545267 - Steel product for induction-hardened shaft component and shaft component ... - Google 

Patentsuche. 

5. Mohammad Reza Khoshravan, AminPaykani, Aidin Akbarzadeh, 2011. ” Design and modal analysis of 

composite drive shaft for automotive application” IJEST 11, 3: 4. 

6. Ashwini Kumar Rajat Jain, Himanshu Jaiswal, 2015. Pravin P Patil Dynamic Structure and Vibration 

Characteristics Analysis of Single Piece Drive shaft Using FEM International Journal of AppliedEngineering 

Research ISSN 0973-4562 10: 11. 

7. Felipe Moura Fontes Novo, Mauro Moraes de Souza, Juliano Savoy, Marcelo Adriano  

8. Do Carmo Silva, 2012. “Analysis of the vibration modes of an automotive propeller shaft using FEM and 

analytical models” SAE 36-0224. 

9. Faust, H. et al. 1990. “A Compressive Rotor Shaft for Chinook, Journal of American Helicopter society,” 29: 

54-58. 

10. Solanki, K., M.F. Horstemeyer, 2008. “Failure analysis of AISI 304 stainless steel shaft. Engineering Failure 

Analysis,” 15: 835-846. 


