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Abstract— In general the engine operates as a naturally 

aspirated engine. The combustion air is drawn directly into 

the cylinder during the intake stroke. In turbocharged 

engines, the combustion air is already pre-compressed before 

being supplied to the engine. The engine aspirates the same 

volume of air, but due to the higher pressure, more air mass 

is supplied into the combustion chamber. Consequently, more 

fuel can be burnt, so that the engine's power output increases 

related to the same speed and swept volume. An effort has 

been made to carry out the analysis of “Turbocharger”.  The 

project requires a basic knowledge of the analysis software 

and the working of the turbo charger. This is a complicated 

task, so to solve such problem COSMOS is the most preferred 

software tool, which has no boundary limit for analysis.  Here 

Structural type of analysis carried out for the turbo charger. 

The report includes a general overview of the Turbocharger, 

CAD systems, FEM, the introduction to COSMOS. The final 

section of the documentation deals with the comparison of 

manual design results with the results obtained from the use 

of analysis software and a brief idea of the future scope of 

analysis using COSMOS software for the turbo charger. 
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I. INTRODUCTION 

When it comes to discussion about race cars or high-

performance sports cars, the topic of turbochargers usually 

arises. Turbochargers also appear on large diesel engines. A 

turbo can significantly boost an engine's horsepower without 

significantly increasing its weight, which is the huge benefit 

that makes turbocharger so popular. Turbochargers are a type 

of forced induction system. They compress the air flowing 

into the engine. The advantage of compressing the air is that 

it lets the engine squeeze more air into a cylinder, and more 

air means that more fuel can be added. Therefore, you get 

more power from each explosion in each cylinder. A 

turbocharged engine produces more power overall than the 

same engine without the charging. This can significantly 

improve the power-to-weight ratio for the engine. 

In order to achieve this boost, the turbocharger uses 

the exhaust flow from the engine to spin a turbine, which in 

turn spins an air pump. The turbine in the turbocharger spins 

at speeds of up to 150,000 rotations per minute (rpm), that's 

about 30 times faster than most car engines can go. And since 

it is hooked up to the exhaust, the temperatures in the turbine 

are also very high. 

A. Literature Review 

R.J.Kirk [1], Diesel engine turbochargers are known to have 

operation into the self-excited unstable region. The operation 

in the nonlinear limit cycle has been tolerated on most 

applications to date. The need for a quieter and a smoother 

operation and in addition reduced emission levels has 

prompted new evaluations of the rotor bearing design for 

these systems. In this research, a commercial rotor-bearing 

dynamics computer program was used to evaluate the 

stability and transient response of a high-speed diesel engine 

turbocharger. Various models with varying bearing designs 

and properties were solved to obtain the linear stability 

threshold speeds and also the nonlinear transient response. 

The predicted whirl speed map shows two modes of 

instability and is very similar to recent on-engine test results 

conducted at Virginia Tech as part of a recent senior capstone 

design project. The development of the diesel engine test 

stand and the associated data acquisition system will be 

discussed. The results from the unloaded and the loaded 

engine testing will be compared to the analytical results. 

Future research will be devoted to the elimination of the large 

sub synchronous excitation. 

Inman, M. El-Gindy, D.C. Haworth [2], They 

focused to meet increasing fuel economy and emissions 

legislation, the automotive industry will need to undergo 

drastic changes in vehicle and engine designs. Unlike 

conventional vehicles on the road today, hybrid electric 

vehicles (HEV) are designed with a smaller engine and an on-

board energy storage system. The smaller engine allows the 

vehicle to achieve better fuel economy and fewer emissions. 

The efficiency benefits of diesel engines over gasoline 

engines make the diesel engine a strong contender for further 

improving fuel economy. The integration of diesel-engine 

technology into a hybrid electric vehicle configuration is one 

of the most promising ways to comply with fuel-economy and 

emissions legislation. Using simulation software, it is 

possible to quickly and easily optimize the engine and vehicle 

prior to investing time and money into testing components 

and building prototypes. The ability to integrate an advanced 

engine simulation software output and an HEV simulation for 

the prediction of engine alterations on overall vehicle 

performance is a critical tool for the success of meeting 

vehicle emissions and fuel economy goals. 

B. Working Principle 

Centrifugal turbochargers (such as those found in both 

gasoline and diesel powered automotive vehicles) are 

composed of a surprisingly low number of main components. 

There are essentially two separate housings which enclose 

two fan blade wheels connected by a rotating shaft. These 

shafts are typically run through floating ring bearings which 

allow them to spin freely. Additionally, most turbochargers 

use a waste gate, essentially a pressure regulated valve, to 

maintain proper boost levels. Figure 1 shows the basic 

assembly of a turbocharger shaft including the bearings and 

wheels. The compressor wheel is usually made of aluminum 

(either LM-16 WP or C355T61), as is the compressor housing 

(LM-27). Because the turbine experiences higher 

temperatures, aluminum cannot be used and the blades are 

typically made from Inconel, which can withstand the 

required 1340oF. The turbine housing can either be made 

from spheroidal graphite cast iron, for lower temperature 
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requirements, or nickel cast iron for higher operating 

temperature requirements.  A high carbon steel (C1144) is 

used for the turbocharger shaft because it can withstand the 

high stresses of operation, and allows induction hardening of 

the journals. Axial turbochargers may be made up of one or 

more stages. Aircraft turbojet engines contain multiple axial 

stages. The compression ratio is one measure of performance 

for a compressor, and is defined as the ratio of absolute 

discharge pressure to absolute intake pressure. When the 

compression ratio is too high for a given stage, high discharge 

temperature and design problems occur. Instead of a single 

stage, multiple stages are used to allow a more gradual 

increase in pressure. 

 
Fig. 1: Diagram of Automotive Turbocharger 

Basic thermodynamics of turbochargers is relatively 

simple. Hot exhaust gases expelled from the engine, which 

otherwise would go to waste, spin the turbine wheel located 

on one side of the shaft. This, in turn, spins a compressor 

wheel located on the intake side of the engine. The 

compressor wheel draws in and “compresses” the air, 

typically to 10-30 psi for automotive diesel applications.  

Depending on the level of additional air forced into the 

engine, the fuel system will supply a corresponding amount 

of extra fuel to balance combustion stoichiometrically. 

Additional gains can be accomplished by cooling the 

compressed air before it reaches the motor. This is 

accomplished using an air-air heat exchanger, known as an 

intercooler, which makes use of ambient air to dissipate heat 

into the surroundings. With the added fuel, typical power 

gains for automotive applications range from 30-40 percent. 
The shaft is dynamically balanced in two planes; at the nose 

and back face of the turbine wheel. This is undertaken on semi 

or fully automatic machines that measure balance of the 

turbine wheel, simultaneously calculating the precise amount 

of material required to be ground from each plane of the 

turbine wheel to bring it into balance. Almost every 

dimension on the shaft and wheel is critical to turbocharger 

performance and durability. 

 
Fig. 2: Turbocharger air flow diagram 

As with most performance driven products, there is 

a significant level of compromise among cost, reliability, and 

performance. This is especially true in turbochargers, which 

frequently see speeds above 100,000 RPM. As the bearings, 

seals, and O-rings begin to wear, the connecting shaft is 

subjected to ever-changing levels of vibration and imbalance. 

If the amplitude of these vibrations and imbalance become 

too large, the turbocharger can suffer from sudden 

catastrophic failure ranging from spun bearings to fragmented 

blades. Also, contamination in the oil or oiling system can 

result in oil pressure insufficient for these high-speed parts to 

run freely and smoothly. Dry running of the turbocharger 

quickly leads to bearing failure. In some cases, pieces of the 

failed turbocharger may pass into the motor, resulting in 

destruction of internal components including pistons or 

cylinder walls. In the case of turbocharged power plants, 

results of such failure can cost millions of dollars in lost time 

and equipment. Even simple maintenance of large scale 

turbochargers can cost millions in lost time and productivity. 

Reliable bearings are essential to reliable turbocharger 

operation. Turbocharger shafts are known to experience self-

excited vibration, which adds additional stress and instability 

to the turbocharger shaft. Over time, stress causes wear on the 

bearings, allowing the shaft to spin outside of its intended 

operating region leading to failure of the turbocharger. 

Another method of failure is acute overload. In the event of a 

large self-excited instability, or pressure regulation failure, 

including failure of the waste gate, the bearings become 

overloaded and can strike the walls of the housing. The 

present research focuses on testing three custom bearings, 

featuring axial grooves, to reduce instabilities without loss of 

performance. The results were used for calibration of a 

analytical model. The calibrated model was used to perform 

a stability analysis under a variety of speed and load 

conditions. 

 
Fig. 3: Line diagram of Turbocharger. 

A turbocharger consists of a turbine and a 

compressor linked by a shared axle. The turbine inlet receives 

exhaust gases from the engine causing the turbine wheel to 

rotate. This rotation drives the compressor, compressing 

ambient air and delivering it, in some instances, to an 

intercooler which cools the air (hot air will cause a loss in 

power gained) then the air is delivered to the air intake 

manifold of the engine at colder and higher pressure, resulting 

in a greater amount of the air entering the cylinder. One of the 

surest ways to get more power out of an engine is to increase 

the amount of air and fuel that it can burn. One way to do this 

is to add cylinders or make the current cylinders bigger. 

Sometimes these changes may not be feasible -- a turbo can 

be a simpler, more compact way to add power. 

Turbochargers allow an engine to burn more fuel 

and air by packing more into the existing cylinders. The 

typical boost provided by a turbocharger is 6 to 8 pounds per 

square inch (psi). Since normal atmospheric pressure is 14.7 

psi at sea level, you can see that you are getting about 50 

percent more air into the engine. Therefore, you would expect 
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to get 50 percent more power. It's not perfectly efficient, so 

you might get a 30 to 40 percent improvement instead. 

The objective of a turbocharger is the same as a 

supercharger; to improve upon the size-to-output efficiency 

of an engine by solving one of its cardinal limitations. A 

naturally aspired automobile engine uses only the downward 

stroke of a piston to create an area of low pressure in order to 

draw air into the cylinder through the intake valves. Because 

the pressure in the cylinder cannot go below 0 psi (vacuum), 

and because of the relatively constant pressure of the 

atmosphere (about 15 psi), there ultimately will be a limit to 

the pressure difference across the intake valves and thus the 

amount of airflow entering the combustion chamber. This 

ability to fill the cylinder with air is its volumetric efficiency. 

Because the turbocharger increases the pressure at the point 

where air is entering the cylinder, and the amount of air 

brought into the cylinder is largely a function of time and 

pressure difference, more air will be forced in as the inlet 

manifold pressure increases. The additional air makes it 

possible to add more fuel (if a turbo is attached without any 

other engine enhancements it most likely will cause th engine 

to run lean) (lean too much air not enough fuel), increasing 

the power and torque output of the engine, particularly at high 

engine rotation speeds. Because the pressure in the cylinder 

must not go too high to avoid pre-ignition and physical 

damage, the intake pressure must be controlled and this is 

done by a waste gates, which controls boost by routing some 

of the exhaust flow, away from the exhaust side turbine. 

The application of a compressor to increase pressure 

at the point of cylinder air intake is often referred to as forced 

induction. Centrifugal supercharger operates in the same 

fashion as a turbo; however, the energy to spin the 

compressor is taken from the rotating output energy of the 

engine's crankshaft as opposed to normally wasted heat from 

the motor. 

1) Turbine blades 

Turbine blades are usually a nickel chrome alloy material (a 

nickel alloy containing chrome, titanium, aluminum, 

molybdenum and tungsten) which has good resistance to 

creep, fatigue and corrosion. Manufactured using the 

investment casting process. Blade roots are of fir tree shape 

which give positive fixing and minimum stress concentration 

at the conjunction of root and blade. The root is usually a 

slack fit to allow for differential expansion of the rotor and 

blade and to assist damping vibration.  On small 

turbochargers and the latest designs of modern turbochargers 

the blades are a tight fit in the wheel fig 4. 

2) Compressor Impellor 

The compressor impeller is of aluminum alloy or the more 

expensive titanium. Manufactured from a single casting it is 

located on the rotor shaft by splines (fig 4). Aluminum 

impellers have a limited life, due to creep, which is dictated 

by the final air temperature. Often the temperature of air 

leaving the impeller can be as high as 200°C. The life of the 

impeller under these circumstances may be limited to about 

70000 hours. To extend the life, air temperatures must be 

reduced. One way of achieving this is to draw the air from 

outside where the ambient air temperature is below that of the 

engine room. Efficient filtration and separation to remove 

water droplets is essential and the impeller will have to be 

coated to prevent corrosion accelerated by the possible 

presence of salt water. 

 
Fig. 4: Compressor Impeller & Turbine Blades. 

A turbocharger consists of a single-stage radial-flow 

("centrifugal") compressor (air pump), as shown on the left 

side of Figure 4.2, which is driven by a single-stage radial-

flow turbine, as shown on the right side of Figure 4.2, instead 

of being driven directly by the crankshaft. The turbine 

extracts wasted kinetic and thermal energy from the high-

temperature exhaust gas flow and produces the power to drive 

the compressor, at the cost of a slight increase in pumping 

losses. The performance of a radial-flow compressor is 

defined by a chart known as the ‘map’ in fig 4.4. The map 

defines, based in on inlet conditions, the usable operating 

characteristics of a compressor in terms of airflow (pounds-

mass per minute, lbm/min) and pressure ratio (absolute 

pressure at the compressor outlet divided by absolute pressure 

at the compressor inlet). The compressor RPM lines show, for 

the stated compressor speed (in thousands of RPM), the 

pressure ratio delivered as a function of airflow. The 

compressor efficiency lines show the % of adiabatic 

efficiency (AE) the compressor achieves at various 

combinations of pressure ratio and airflow. The odd-shaped 

line up the left side of the map is the surge line. It defines, for 

each pressure ratio, the minimum airflow at which the 

compressor can operate. Airflows to the left of the surge line 

cause the air to separate from the blades and experience a 

"stall" phenomenon similar to the stall of an aircraft wing. 

This is an area of instability in which the airflow moves in a 

chaotic manner, causing snapping and popping, and potential 

blade damage. 

 
Fig. 5: Compressor Airflow Characteristics. 

Surge can occur with a downstream-throttled 

installation when the throttle is suddenly closed if there is no 

blow off valve or other device to vent airflow. The dotted line 

up the center of the map is the peak efficiency operating line: 

the maximum available efficiency for each combination of 

airflow and pressure ratio. Note from the map that, for a given 

compressor RPM, the available pressure ratio reaches a point 

where it begins to drop quickly as airflow increases. This 

effect is less severe at lower rotor RPM, but with higher rotor 

RPM (therefore higher available pressure ratio), the pressure 

ratio drops dramatically with a slight increase in airflow. This 
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phenomenon is known as "choke". The choke condition is 

defined differently by different manufacturers: sometimes by 

a specific percentage reduction in pressure ratio, sometimes 

by reaching a specific efficiency (Garrett uses 58%). 

Compressor efficiency is an important concept to understand 

with regard to forced induction. At standard atmospheric 

conditions (29.92 "hg, 59 °F) one pound-mass of air has a 

known density (0.0765 lbm / cubic foot) and occupies 13.07 

cubic feet of volume. Compressing that mass of air into a 

smaller volume increases the pressure, the temperature and 

the density. If a compressor was 100% efficient, the 

temperature of the gas exiting the compressor could be 

calculated from the ideal gas law PV = krT (so called 

"adiabatic" compression: no gain or loss of heat energy). 

However, real world compressors are less than 100% 

efficient, and so the air exiting the compressor is heated more 

than it would be with a 100% efficient compressor, hence the 

resulting density is less than would be expected. 

The housings fitted around the compressor impeller 

and turbine collect and direct the gas flow through the wheels 

as they spin. The size and shape can dictate some 

performance characteristics of the overall turbocharger. The 

area of the cone to radius from center hub is expressed as a 

ratio (AR, A/R, or A:R).Often the same basic turbocharger 

assembly will be available from the manufacturer with 

multiple AR choices for the turbine housing and sometimes 

the compressor cover as well. This allows the designer of the 

engine system to tailor the compromises between 

performance, response, and efficiency to application or 

preference. Both housings resemble snail shells, and thus 

turbochargers are sometimes referred to in slang as snails. 

II. RESEARCH METHODOLOGY 

The methodology and objective followed during this research 

work is to carry out the analysis of Turbocharger for the 

identification of possible failure situations using COSMOS 

press workbench. The stress developed can be understood and 

suitably reduced by increasing or decreasing the dimensions, 

using a better material etc. The stress distribution can be 

understood and the maximum and minimum stress acting on 

the material can be estimated. An effort has also been made 

to give suggestions regarding the dimensions of the machine 

for better results. The methodology of the work as follows: 

 Detailed drawing as per the specification in CATIA V5. 

 Modeling of the turbocharger in CATIAV5. 

 Analysis of the model using COSMOS press. 

 Interpretations, suggestion & optimization. 

 
Fig. 6: Model of Turbocharger  

Engine capacity (L) upto 5 

Output range (HP) 100 to 300 

Airflow(max) 0.46 Kg/s 

Length (mm) 250 

Width(mm) 240 

Height (mm) 220 

Mass(Kg) 16 to 18 

Table 1: Technical specification of Turbocharger 

A. Failure Factors of turbocharger 

1) Thermal cracking, creep or oxidation of parts  

 Cracked turbine housing. 

 Rubbing or distortion of turbine housings due to over- 

heating. 

 Compressor housing distortion due to over-heating. 

 Compressor wheel failure due to creep. 

2) Fatigue of rotating parts  

 Cracked compressor wheel. 

 Cracked turbine wheel. 

 Turbine wheel blade loss. 

3) Structural failure of the turbocharger or attached parts  

 Loose bolts. 

 Cracked flanges. 

4) Failure due to out of specification engine conditions  

 High exhaust back pressure under engine braking. 

 High or variable exhaust back pressure due to after 

treatment. 

While many of the above failures are outside the 

control of the turbocharger designer, others can be avoided or 

minimized through the turbocharger design process or by 

observing application limits. Some parameters that can be 

limited to avoid the failures mentioned above include: 

5) Turbocharger speed 

6) Temperature inlet Temperature 

7) Structural loads  

 External load limitations. 

 Weight and torque reaction of external parts. 

 Maximum vibration levels. 

 Built in stresses due to assembly. 

8) General ‘not to exceed limits’  

 Exhaust braking back pressure. 

 Oil pressure. 

 Under hood ambient temperature. 

 Oil delivery delay after start up. 

B. Analysis of the Turbocharger 

The figure below represents the model of Turbine housing, 

which is constrained in all degree of freedom. A pressure load 

of 10 N/mm2 is applied. The material used for turbocharger 

housing before and after optimization is discussed. Due to 

complexity involved in design and operation. Due to being 

integral part component of engine assembly, the dimensional 

changes are not feasible. Hence the material optimization is 

carried out using different materials considering their suitable 

physical & mechanical properties. 

The Physical and mechanical properties of Cast Iron 

EN-GJS-800-2opted for housing of turbocharger. The Cast 

Iron is an iron-carbon alloy with a typical carbon content of 

3.0-4.5 wt.%. Also Si (0.5-3.5 wt.%) and small amounts of 

mn, S and P are always present. The main advantages of cast 

iron are its low price and the ability to make products of a 

complex shape in a single production step. Furthermore, cast 

iron offers a reasonable resistance against corrosion. In 

general, the mechanical properties are lower than those of 
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cast or wrought steels, especially when loaded in tension. In 

compression high loads can be supported. The mechanical 

properties of cast iron depend on the morphology of the 

carbon. This morphology depends on composition and 

process parameters. In grey cast iron the carbon is present in 

plates (lamellar) of pure graphite. In white cast iron carbon is 

incorporated in compound with iron: Fe3C (cementite). In 

nodular cast iron the carbon is present in sphere shaped 

graphite particles (nodule). Nodular cast iron has better 

properties than lamellar, especially tensile strength and strain. 

Density-7.2g/cm3, Young’s modulus E-176 MPa, Ultimate 

tensile strength-800N/mm2, Poisson’s ratio- 0.275. 

 
Fig. 7: Turbine housing constrained in all DOF 

 
Fig. 8: Load applied on Turbine housing. 

 
Fig. 9: Result of Turbine housing 

 
Fig. 10: Result of Optimized Turbine housing. 

Sl. 

No 
Parameters 

Before 

optimization 

After 

optimization 

1 
Stress developed 

(MPa) 
168.7 158.3 

2 
Max.Deflection 

(mm) 
0.082 0.074 

Table 2: Comparison of Results of Turbine Housing. 

C. Analysis of the Turbine wheel/Blade 

The figure below represents the model of Turbine Wheel on 

which the hot exhaust gases are made to impinge on the 

blades of the impeller. A pressure load of 10 N/mm2 is applied 

on the wheel. The material opted for the turbine wheel is cast 

Iron during analysis and the material with Stainless steel 

Grade 410 is the basic martens tic stainless steel; like most 

non-stainless steels it can be hardened by a "quench-and-

temper" heat treatment. It contains a minimum of 11.5 per 

cent chromium, just sufficient to give corrosion resistance 

properties. It achieves maximum corrosion resistance when it 

has been hardened and tempered and then polished. Grade 

410 is a general purpose grade often supplied in the hardened, 

but still Machin able condition, for applications where high 

strength and moderate heat and corrosion resistance are 

required. Martensitic stainless steels are optimized for high 

hardness, and other properties are to some degree 

compromised. Fabrication must be by methods that allow for 

poor weld ability and usually the need for a final heat 

treatment. Corrosion resistance of the martens tic grades is 

lower than that of the common austenitic grades, and their 

useful operating temperature range is limited by their loss of 

ductility at sub-zero temperatures and loss of strength by 

over-tempering at elevated temperatures, and has the ability 

to withstand elevated temperatures. Density-7.7 g/cm3, 

Young’s modulus- 200GPa, Ultimate tensile strength – 755 

MPa, Yield Strength- 575 MPa, Poisson’s ratio –  0.3,Melting 

point –1400-16300 C. 

 
Fig. 11: Turbine Wheel constrained in all DOF. 

 
Fig. 12: Load applied on Turbine wheel. 

 
Fig. 13: Result of Turbine wheel. 
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Fig. 14: Result of Optimized Turbine wheel. 

Sl. 

No 
Parameters 

Before 

optimization 

After 

optimization 

1 
Stress 

developed(MPa) 
155.8 153.3 

2 
Max. Deflection 

(mm) 
0.008 0.0073 

Table 3: Comparison of Results of Turbine Wheel. 

III. CONCLUSION & SCOPE 

An attempt was made to analyze and optimize the diesel 

engine turbocharger using COSMOS EXPRESS software. 

The project work carried out is successfully analyzed to meet 

the requirements as per the constraints. The Turbocharger is 

carefully analyzed and cross checked where it does meet the 

requirements. Turbocharger is designed using optimum 

material in order to avoid the larger weight increasing or 

decreasing the thickness. In turbocharger optimization the 

material used were cast iron EN-GJS-800-2 and Stainless 

steel 410 which are suitable for efficient functioning of 

turbocharger. As compared to stresses before optimization, 

the stresses have reduced in the member i.e. Compressor 

housing form 149.5 to 145.9, turbine wheel from 155.8 to 

153.3(MPa).As the stainless steel is used at the place of cast 

iron, considering there density the weight is estimated to 

reduce to 40 %. This work is purely carried out on the basis 

of material optimization due complexity involved in design. 

Hence to further carry out material optimization many new 

metals and composites can be tested for various components. 

For ex, the turbine housing can be made up of composite 

materials due high heat resistance and absorb vibration. The 

turbine blade can be used of inconel or nickel chrome alloy, 

the compressor impeller can be made of titanium. 
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