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ABSTRACT 

A new approach for the output voltage stabilization of multilevel inverters considering its input voltage 

fluctuations. The output voltage feedback control and improvement in voltage utilization factor has been 

presented in this paper. The input DC voltages is feeding  to the inverter are considering to be varying  with 

time, In case of solar, wind and fuel cell cogeneration systems, the generated voltage not constant always. In 

fact, the generated voltages from these sources can varying with time. This paper gives detailed analysis of the 

improvement on the controllability and absorption of the DC voltage fluctuation by superimposing the moderate 

odd harmonic wave, implementing Adaptive Neuro Fuzzy Inference System. The results obtained using 5level 

Diode clamped inverters with 6kw Resistive load with sinusoidal pulse width modulation, Using MATLAB/ 

simulink. 
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I. INTRODUCTION 

 

The last decade’s growth in the production of electric energy from renewable energy sources has led to an 

increased focus on power electronics systems. Renewable energy sources like photovoltaic, wind and wave 

energy are relying on power converters in order to exchange power with the grid [1]. These inputs are not 

constant with time always in fluctuating nature and anyone who wants to produce power for the grid has to 

make sure that their facilities are complying with national grid codes. The grid codes have strict regulations 

when it comes to the voltage quality, including limits for rapid voltage variations, flicker and harmonic 

distortion. Rapid voltage variations and flicker are matters of control of the inverter system, but harmonic 

distortion is created by the pulse width modulated switching of the converter. Different filters topologies can be 

used in order to reduce the harmonics generated by the switching action in the converter. However [2][3], filters 

for high power converters can be of substantial size and weight and therefore also of great cost since they are 

made of several expensive metals. Therefore, a lot of effort is made in order to improve the converter system so 

that the filter can be reduced while the cried codes and system specifications are still met. There are mainly two 

ways of reducing the harmonic distortion. One way is to optimize the switching sequence, with harmonics as the 

most important constraint. Another way is to use several levels to build the fundamental voltage i.e. converters 
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with three levels or more [4][5]. 

In an effort to improve voltage quality and efficiency, a simple control method for improving the voltage 

utilization factor of multilevel inverter [9][11]. In this paper a control method which introduced the control of 

superposition ratio of third harmonic wave into output voltage feedback control and improvement on voltage 

utilization factor is proposed. 

It is applied to the multilevel inverter, and the operation principle and features are explained. Which including 

Solar, and fuel cells system .The fluctuated inputs are converted to stable output by using Multilevel inverter. 

By simulation the validity of proposed control analysis has been confirmed. 

 

II. OUTPUT VOLTAGE TRACKING CONTROL 

 

Two phase output line voltages VRY and VBR are taken into the Simulation the following can be obtained from 

the fundamental equations for a three-phase three-wire system, and from the relationship between the line 

voltages and phase voltages [8]: 

VRY+VYB+VBR =0 

VRY = VBN- VYN 

VYB =VYN -VBN 

VBR=  VBN -VRN          ……………………..(1) 

Therefore, 

VBN = 1/3(VRY- VBR) 

VYN =1/3(VYB- VRY) 

VBN =1/3 (VBR- VYB)…………….. (2) 

Three phase voltages VRN,VYN and VBN  are converted into two-phase AC voltages V  and V  by 

using the following: 

=  

         ………………….. (3) 

Now the magnitude Vout of the resultant output vector is calculated as follows: 

………… (4) 

The magnitude Vout corresponds to the effective value of the output line voltage, which is a DC value in the 

case of a three-phase balanced voltage without fluctuation. Therefore, tracking control of the output voltage can 

be implemented by maintaining this value at a stable level [8]. 

The difference between the output voltage references V*out and the resultant vector magnitude Vout is given to 

the proportional integrator, and the DC voltage compensation on Vpi is calculated. A coefficient related to the 

superposition ratio α is applied to this value, and then a sinusoidal reference is obtained by multiplying by a 

three-phase sine Wave with amplitude of one[7][8].  

The advantage of this system is obtaining the fixed control characteristic, when the AC voltage of any frequency 

is output, because the signal input to the proportional integrator is the instant DC voltage which does not depend 
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on the frequency of the output Voltage. That is, the method can be applied to variable speed drive of electric 

motors and to other cases when a variable-frequency source is required. 

 

2.1 Control Method 

 

 

 

 

 

 

 

 

Fig.1, Block Diagram of Closed Loop Voltage Control Method 

The Input fluctuating DC voltages are generally coming from Co-generation systems Like Wind, Solar and fuel 

cells etc., these generated voltages are directly connected to multilevel circuit as input. The multilevel inverter 

circuit outputs are connected to three phase loads. Due to DC voltage fluctuations at input side of inverter, the 

output voltage of inverter also get distorted but loads which are connected to this circuits requires constant voltage 

magnitude. To maintain the inverter output voltage magnitude constant irrespective of its DC voltage fluctuations, 

the output voltages are taken as feed back to control circuit, this output voltage signal is converted in to suitable 

form, than compare with fundamental rated values next generate the error correcting signal to PWM unit. This 

PWM circuits generates the switching pulses according to the error signal. In this closed loop control method the 

output voltages are always constant magnitudes and this control method is to realize improvement on the 

controllability and absorption of the fluctuation of the DC voltage by superimposing the moderate third harmonic 

wave. If the instantaneous voltage ripple was absorbed.  

ANFIS is perhaps the first integrated hybrid neuro-fuzzy model. A modified version of ANFIS is capable of 

implementing the Tsukamoto fuzzy inference system. In the Tsukamoto FIS, the overall output is the weighted 

average of each rule’s crisp output induced by the rule’s firing strength (the product or minimum of the degrees of 

match with the premise part) and output membership functions 

 

2.2 ANFIS Model 

 

Fig.2(a),Block Diagram of ANFIS Controller 

The output membership functions used in this scheme must be monotonically non-decreasing. The first hidden 

layer is for fuzzifications of the input variables and T-norm operators are deployed in the second hidden layer to 

compute the rule antecedent part. The third hidden layer normalizes the rule strengths followed by the fourth 
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hidden layer where the consequent parameters of the rule are determined. Output layer computes the overall 

input as the summation of all incoming signals. 

In ANFIS, the adaptation (learning) process is only concerned with parameter level adaptation within fixed 

structures. For large-scale problems, it will be too complicated to determine the optimal premise-consequent 

structures, rule numbers etc. The structure of ANFIS ensures that each linguistic term is represented by only one 

fuzzy set. However, the learning procedure of ANFIS does not provide the means to apply constraints that 

restrict the kind of modifications applied to the membership functions. When using Gaussian membership 

functions, operationally ANFIS can be compared with a radial basis function network. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2(b)&(c), Flow Chart Diagram of ANFIS Controller 

From block diagram of ANFIS Controller, ANFIS controller is the combination of neural network and Fuzzy 

Logic. Many inputs are applied to the neural network depending upon the inputs the neural network has some 

standard output, so depending upon the input and the output the neural network is trained, after training the 

neural network the output is applied to the fuzzy logic which generates the IF THEN rules and membership 

functions[12]-[15]. 

 

 

III. SINE + 3
rd 

HARMONIC PWM TECHNIQUE 

 

The idea of Sine+3
rd 

harmonic modulation technique is based on the fact that the 3-phase inverter-bridge feeding 

a 3-phase ac load does not provide a path for zero-sequence component of load current. Only three output points 

are brought out from a three-phase inverter-bridge. These output points are connected to the three supply 

Fig.2(b) Fig.2(c) 



 

581 | P a g e  

terminals of the load. Such an arrangement does not cause any confusion for the delta connected load but for a 

star connected load the neutral point remains floating. However for a balanced, three-phase, star-connected load 

this should not be a drawback as the fundamental component in the load phase voltage is identical to the 

fundamental component of inverter’s pole voltage[6]. 

 In fact, the floating neutral point has the advantage that no zero sequence current (which includes dc, third and 

integer multiples of third harmonics) will be able to flow through the load and hence even if the pole voltage is 

distorted by, say, 3
rd 

and integral multiples of third harmonics the load side phase and line voltages will not be 

affected by these distortions[10]. Accordingly a suitable amount of third harmonic signal is added to the 

sinusoidal modulating signal of fundamental frequency. Now, the resultant waveform (modified modulating 

signal) is compared with the high frequency triangular carrier waveform. The comparator output is used for 

controlling the inverter switches exactly as in SPWM inverter. the low frequency component of the pole voltage 

will be a replica of the modified modulating signal provided (i) The instantaneous magnitude of the modified 

modulating signal is always less than or equal to the peak magnitude of the carrier signal and (ii) the carrier 

frequency is significantly higher than the frequency of modulating signal[6].  

 

Fig.3, The Modulating Signal for Sine+3rd Harmonic Modulation 

The addition of small percentage of 3
rd 

harmonic to the fundamental wave causes the peak magnitude of the 

combined signal to become lower than triangle wave’s peak magnitude [6]. In other words, a fundamental 

frequency signal having peak magnitude slightly higher than the peak magnitude of the carrier signal, if mixed 

with suitable amount of 3
rd 

harmonic may result in a modified signal of peak magnitude not exceeding that of 

the carrier signal.  

Thus the peak of the modulating signal remains lower than the peak of triangular carrier signal and still the 

fundamental component of output voltage has a magnitude higher than what a SPWM can output with m = 1.0. 

Thus the fundamental voltage output by the inverter employing Sine+3
rd 

harmonic modulation technique can be 

higher [6]. 
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IV. SIMULATION RESULTS 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4, Simulation Block Diagram of the Output Voltage Stabilization in Multilevel Inverter 

Considering Wind Power System 

 

Fig.5, Simulation Results of 5-Level Inverter Connected to Resistive- Load Using ANFIS- 

Controller (a). Input DC Voltage a Step Change in Vdc of 32% (399.09-774.69)(b) Superposition 

Signal Wave (pu) (c) Line Voltage (Vrms)  (d) Line Voltage(Vpeak) 

From fig.5 (a) The input DC voltage is constant from 0sec to 0.22 sec at this time the DC voltage magnitude as 

775v after that the voltage is decreased from 775v to 399v with the time 0.22sec to 0.62sec,after that the voltage 

magnitude is constant up to 1.2sec as 399v. 

From fig.5 (b) can observe that the input DC voltage is constant from 0sec to 0.22sec at this time the 

superposition wave is also constant, when the DC voltage is decreased from 0.22sec to 0.62sec the superposition 

wave has been  improving  correspondingly, from the scale from 0.62sec to 1.2sec scale the superposition wave 
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is constant.From fig.5 (c) can observe that input DC voltage is constant from 0sec to 0.22 sec at this time the 

output line voltage (Vrms) is also constant magnitude i.e 415V. After that the DC voltage step change in Vdc at 

32% lesser than rated value and maintain constant voltage. From fig.5(d), can observe that the input DC voltage 

magnitude is constant (0sec to 0.2sec) accordingly output line voltage (Vpeak) is also constant voltage 

magnitude, when the DC voltage magnitude is  step change in Vdc 32% less than rated value, even though the 

inverter output voltages are maintain stabilized voltages. 

From fig.6, can observe that inverter output voltages are maintain the constant voltage magnitudes even though  

input DC voltage fluctuations, such that the superposition wave has been improving to control the inverter 

output voltages as shown in fig.6(b)and(d). 

 

 

 

Fig.6, Simulation Results of 5-Level Inverter Connected to Resistive- Load Using ANFIS- 

Controller (a) a Step Change in Vdc of 32% (399.09-774.69)v(b) Superposition Signal Wave (c) 

Line Voltage (Vrms)  (d).Line Voltage(Vpeak) 

 

Fig.7, Simulation Results of 5-Level Inverter Connected to Resistive- Load. Using ANFIS-

Controller  (a) a Step Change in Vdc of 33%(780.56-393.21)V (b) Line Voltage (Vrms) 
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From fig.7, can observe that input DC voltage magnitude fluctuation of 33% is applied to multilevel inverter 

circuit connected to 6kw resistive load. But correspondingly the inverter output line voltage is not reach to the 

rated value. Fig.7(b), shows that the output voltage stabilization of multilevel inverters with ANFIS-controller 

can effectively up to input voltage fluctuations of 32% only. If above this limits the output line voltage response 

has been  not in acceptable limits. 

Table1: Multi Level Inverter-Output Voltage Performance with ANFIS -Controller. 

S.No ANFIS controller 

with Resistive  

load 

Input DC 

voltage 

fluctuation 

range 

5level Inverter 

Output  Line 

voltage 

(THD) 

Stabilization of 

inverter output 

voltage  

 

1 

 

Resistive 

Load(6Kw) 

 

32%(774.69-

399.09)V 

 

 

0.14% 

 

0.4sec 

 

 

 

 

 

 

 

 

 

 

Fig.8, THD of Output Line Voltage of Multilevel Inverter Connected to  Resistive Load(6kw) 

 

V.CONCLUSIONS 

 

Using Adaptive Neuro Fuzzy Inference System (ANFIS) controller With SPWM has been maximum 

controllability and absorption of the fluctuations of input DC voltage is up to 32%. And also it contain of less 

THD and fast response of controllability and absorption of DC voltage fluctuations. Further, can implement high 

speed digital control by means of a single chip microcomputer, which lower costs and smaller size as well as 

decreased computational complexity. 
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Abstract - The performance of advanced unified power flow controller  in decreasing  power losses and 

improvement in voltage profile of the bus is the main focus in this paper. The objective of this paper is to use 

UPFC injection model which can be incorporated in power flow algorithm to study its effect for voltage control 

in a power system network. The proposed model in order to increase voltage level and reduce power losses is 

tested on 5 bus test system. Programming is carried out in MATLAB to check the performance of UPFC. The 

results of power system network with and without using UPFC are compared in terms of power losses in the line 

and voltage profile at the bus to analyze the performance of UPFC . 

 

 

Keywords: Power losses, Unified power flow controller, Voltage control,  injection model 

 

1. INTRODUCTION  

In a power system transmission networks , generally  several worldwide problems like power quality,  

loadability,  power losses and voltage stability are taking place resulting  in a poor quality of unreliable power 

supply.  In order to expand or enhance the power transfer capability of existing transmission network with 

minimum losses the concepts of FACTS (Flexible AC transmission system) is put forward  by the Electric 

Power Research Institute (EPRI) in the late 1980s.  FACTs means alternating current transmissions systems 

incorporating power electronic based and other static controllers to increase controllability and improve power 

transfer capability [1-2].  Facts controllers may be series, shunt or combination of both.  Shunt controllers inject 

current into the system and may be variable impedance or variable source or both for ex: Static Synchronous 

Compensator (STATCOM), static var compensator (SVC) etc. Series controllers inject voltage in series with the 

line for ex: Static Synchronous Series Compensator (SSSC), Thyristor controlled Series Capacitor (TCSC), 

Thyristor switched series Capacitor (TSSC), Thyristor Controlled Series Reactor (TCSR), Thyristor Switched 

Series Reactor (TSSR). A combination of static synchronous compensator (STATCOM) and static series 

compensator (SSSC) which are coupled via a common dc link to allow bidirectional flow of real power between 

series o/p terminals of SSSC and shunt o/p terminals of STATCOM is called UPFC (unified Power Flow 

Controller). 

In this paper injection model of UPFC is incorporated in Newton Raphson algorithm in order to observe the 

control of power flow with minimum losses and also to regulate the voltage in electrical power transmission 
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systems. N R power flow  algorithm  which is having fast computational speed, high degree of accuracy and 

good convergence rate is used in this paper. Programming is carried out for IEEE 5 bus system and results are 

compared by considering with UPFC and without UPFC in a power system network 

 

 

2. PRINCIPLE FUNCTION OF UPFC 

 

The basic components of UPFC are the two voltage source converters separated by a common DC link and 

connecting to the power system through the coupling transformers. One converter is connected in shunt to the 

transmission system via a shunt transformer, while the other one is connected in series through a series 

transformer. The series inverter is designed to inject a symmetrical three phase voltage system, of controllable 

magnitude and phase angle in series with the line to control active and reactive power flows on the transmission 

line [3-5]. So this inverter will exchange active and reactive power with the line. The reactive power is 

electronically provided by the series inverter and it is excited by dc link capacitor. The shunt converter is 

controlled in such a way as to demand this dc terminal power from the line keeping the voltage across the DC 

link constant [6-8].  

 

 

 

                                                     Fig. 1  Operating principle of UPFC 

 

 

3. MATHEMATICAL REPRESENTATION OF UPFC 

 

Since series connected ce converter performs the main function of UPFC, first series converter model is derived 

then UPFC  injection model is derived 

 

DC capacitor0

shunt

converter

Bus i

series 

converter

series

transformer

shunt transformer

Bus J
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A. series  converter model 

suppose a series connected voltage source is located between nodes i and j in a power system. The series voltage 

source converter is modeled as given below 

         Vi’= Vs + Vi where 

Vs =  series voltage source 

Vi’= fictitious voltage behind series reactance 

Series voltage is controllable in magnitude and phase and hence  Vs = r Vie
jγ
 where 

  r= series voltage source coefficient 

γ=series voltage source angle 

The injection model is obtained by replacing series voltage source as Nortons equivalent circuit 

Current source Is= -jbsVs where bs= 1/ Xs 

 

Power injected into i
th

 bus  

Sis= Vi (-Is)
*
= Vi(jbsVie

jγ
)

*
= -bsrVi

2
sinγ-jbsrVi

2
cosγ 

 

Power injected into j
th

 bus  

Sjs= Vj (Is)
*
= Vj(-jbsVie

jγ
)

*
= bsrViVjsin(θij + γ) + jbsrViVjcos(θij+ γ) 

 

From above equations injection model of series connected voltage source is shown below 

Psi = rbsVi
2
sinγ  ; Psj=  - bsrViVjsin(θij + γ) 

Qsi = rbsVi
2
cosγ  ; Qsj=  - bsrViVjcos(θij + γ) 

B. shunt converter model 

 

In upfc shunt connected voltage source is used to provide active power which is injected to network via series 

connected voltage source. When losses are neglected Pconv1 = Pconv2 

Apparent power supplied by series voltage source converter is 

Sconv2= VsIij
*
 = rVie

jγ 
[(Vi

’
- Vj)/jXs]

*
 

After simplification active and reactive power supplied by converter 2 

 

Pconv2 = bsrViVjsin(θij + γ) - rbsVi
2
sinγ 

Qconv2 = - bsrViVjcos(θij + γ)+ rbsVi
2
cosγ +r

2
bsVi

2
 

The reactive power delivered or absorbed by converter1 is independently controllable by upfc and can be 

modeled as a separate controllable shunt reactive source. So assume Qconv1=0 

 

 

C. UPFC injection model 

 

upfc injection model is constructed from series connected voltage source model with the addition of a power 

equivalent to Pconv1 to node i. Thus complete injection model is shown below 
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Xs

 

 

Fig. 2   Upfc injection model 

 

 

Psi = r bsViVjsin(θij + γ) ;  Psj = - r bsViVjsin(θij + γ) 

 

Qsi = rbsVi
2
 cosγ ;  Qsj = - r bsViVjcos(θij + γ) 

 

 

4.  LOAD FLOW ALGORITHM  

 

NR  load  flow method  is fastest and most reliable method when compared to other load flow methods. Load 

flow algorithm is given below. 

 

1. Read  system data and  form nodal admittance matrix Ybus 

2.  Assume flat voltage profile for all buses except slack bus 

3. Set convergence point ε 

4. Set iteration count k=0 and bus count p=1 

5. Calculate active power Pi and  reactive power Qi for i=      

    2,…n with UPFC and shunt and series converter powers.  

6. Calculate change in active and reactive power for i=2,…n  

     i.e.,ΔPi and ΔQi 

7. Calculate maximum absolute value of residue i.e., | ΔPi|  

    and | ΔQi| 

 

8. Check if residue ≤ ε then go to step 14 

                 else go to step 9 

9. Form conventional jacobian matrix 

10. Modify jacobian matrix for incorporating UPFC  

      Parameters 

11. Solve for Δ|V|, Δδ using  load flow  

     equations  

| 

12. Update bus voltages and UPFC output voltages 
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13. check if voltage magnitude of converter is out of limit 

                   then set voltages at limit values and advance  

                           iteration count and go to step 5    

                  else  advance iteration count and go to step 5 

14. calculate line flows and bus powers and it ends the program. 

 

5. TEST CASE 

 

Standard 5 bus test network is considered with and without UPFC to investigate its behaviour as shown in 

Figure 3. In this case bus 1 is taken as slack bus  or reference bus, bus 2 and 3 are generator  buses and bus 4, 5 

are load buses.  The  shunt converter is set to regulate node 3 voltage magnitude  while series converter 

regulates the power flow between the two nodes 3 and 4.  

 

2

1

5

UPFC

43

 

Fig. 3:  Single line diagram of 5 bus test system 

 

Test data is given below 

Table 1 Bus data 

 

 

 

Bus Voltage Load Generator Injected  

no. (|v|,θ) (MW, 

  

MVAR 

 

(MW, Qmin, 

 

  

Mvar) 

  

  

Mvar) Qmax 

  

      

1 1.06, 0 0 ,0 0,0 10,50 0  

2 1.045, 0 20 ,10 40,30 10,50 0  

3 1.03, 0 20,15 30,10 10,40 0  

4 1.00, 0 50,30 0,0 0,0 0  

5 1.00, 0 60,40 0,0 0,0 0  
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Table 2 Line data 

Sending Receiving Line Line Line 

Bus Bus 

resistan

ce 

reactanc

e susceptance 

  (p.u) (  p.u) ( p.u) 

1 2 0.02 0.06 0.06 

1 3 0.08 0.24 0.05 

2 3 0.06 0.18 0.040 

2 4 0.06 0.18 0.040 

2 5 0.04 0.12 0.030 

3 4 0.010 0.03 0.020 

4 5 0.08 0.24 0.050 

 

6. PROGRAMMING RESULTS 

 The  network was  analysed without UPFC and with UPFC. For the network without UPFC the 

convergence was achieved in 3 iterations. With UPFC convergence was achieved in 4 iterations . Also, the 

UPFC parameters were  found to be within limits. The simulation results shows the power flow for lines and bus 

active and reactive powers which are tabulated below. The voltages of the buses with and without UPFC are 

also tabulated. 

 

Table 3  Load  flow result without presence of  UPFC 

 

 

 

Voltage 

amplitude 

Active 

power 

losses 

Reactive 

power losses 

 Bus 

number  (p.u) (MW) (MVAR) 

    

1 1.06  

 

 

3.053 

 

 

21.767 

 

 

2 1.045 

3 1.03 

4 1.019 

5 0.99 

 

Table 4 Load  flow result with presence of  UPFC 



 

592 | P a g e  

 

 

 

Voltage 

amplitude 

Active 

power 

losses 

Reactive 

power losses 

 Bus 

numbe

r  (p.u) (MW) (MVAR) 

    

1 1.06  

 

 

2.023 

 

 

18.663 

 

 

2 1.045 

3 1.03 

4 1.023 

5 0.992 

 

 

It is observed from the Table  3 and 4  that voltage profile is improved for bus number 4 and also active and 

reactive power losses are decreased by controlling UPFC parameters 

  

7. CONCLUSION 

Injection  model  of UPFC  is successfully  used in this paper to determine the performance of  UPFC in 

power flow control. Load flow analysis results for the standard 5 bus network has been presented with and 

without UPFC and compared. It was found that the UPFC regulates the voltage of the bus as well as it decreases  

active and reactive power losses of the lines with in specified limits. The algorithm is capable of decreasing the 

power losses and increase in voltage profile singly as well as simultaneously. Hence UPFC with NR algorithm 

performed well in power system network and programming results demonstrate that the proposed method is 

feasible for power control and voltage control in a power system network. 
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Abstract - Many researches are carried out the wok on hypereutectoid steel varying in normal load and sliding 

speed, whereas very few researches are based on pearlitic, martensitic and cementitatic structure. This work is 

based on changing the microstructure of the cementite into spherodite. 

The present work is with the study made towards microstructure and wear behavior of hypereutectoid 

steel of composition 1% carbon. For this study the steel samples are subjected to different heat treatment 

procedures to achieve different percentage of phases i.e. pearlite + cementite, 100% martensite, martensite + 

cementite, and spherodized cementite.For Specimens of size 30mm length and 10mm diameter the standard pin 

on disc wear testing machine was used under a constant load of 4kg for a uniform speed of 500 rpm under 

constant sliding distance. The analysis consists of measurement of hardness of individual phases and the weight 

losses due to wear tests conducted on them. 

Based on the tests conducted, annealed steel showed poor wear resistance among all the specimens. 

The martensitic steel showed good wear strength followed by the martensite + cementite sample. The 

spherodized cementite sample showed the lowest wear rate among all. 

 

Key words: Cementite, Pearlite, Micro Structure, spherodized cementite, Ultra high carbon steel. 

 

I. Introduction 

 Steels represent the most important group of engineering materials asthey have the widest diversity of 

applications of any of the engineering materials. Generally, carbon is the most important element profoundly 

affecting the mechanical properties of the steels. Increasing the carbon content of steels increases the hardness 

and strength.  

Hyper Eutectoid steels are mainly used for the manufacture of working structures or devices of 

bulldozers, loader – dozen, fork lift & rolling mills. Common mode of failure among these materials is due to 

wear. Hence a study regarding the wear resistance of these materials is important from a practical standpoint. 
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From the literature conclusion it is evident that the wear behaviour of steels with different carbon 

compositions has been studied extensively but there is relatively lesser focus on the wear behaviour of 

hypereutectoid steel considering the different phases present in it. The different phases are namely pearlite, 

cementite, matensite and spherodite. The physical properties of these phases are entirely different. The wear 

behaviour changes abruptly with the change in phase. 

Hence by selecting the 1.0% carbon steel the specimens are subjected to different heat treatment procedures 

to obtain the different phases. The heat treatment will produce the following phases. 

1) Pearlite + Cementite 

2) Martensite 

3) Martensite + Cementite 

4) Spherodized Cementite 

The above phases are then made into specimens to study their microstructure by techniques like disc 

polishing and etching. The microstructures corresponding to the above phases have been presented in this paper. 

The above phases are then subjected to the wear test which is the main objective of this project. The standard 

pin on disc wear testing machine has been used. Since the hardness of the specimens would vary due to different 

heat treatment processes it would have a direct implication on the wear rate of the specimen. This is in 

accordance with the Archard’s formula. The weight loss of the specimen due to wear also gives indication of the 

relative wear strengths of the different specimens. 

 

II. Experimental Procedure 

The four different phases were obtained by subjecting the material to different heat treatments. They are as 

follows. 

1) Pearlite + Cementite: The material was heated upto 735
0
C and then allowed to cool slowly to the room 

temperature. 

2) Martensite : The material is heated upto 900
0
C and then quenched rapidly in oil. 

3) Martensite + Cementite : The material is heated upto 735
0
C and then quenched rapidly in oil. 

4) SpherodizedCementite : The material is heated upto 735
0
C and allowed to soak for 6 hours. Then it is 

cooled slowly to the room temperature. 
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Fig 1.Heat Treatment in the furnace 

Preparation of samples for microstructural studies: The samples of height 2.5 cm were ground on different grits 

of silicon carbide paper from 180, 400, 800, and 1000 grits (both the transverse andlongitudinal cut samples). 

Water was poured on the samples regularly every one to two minutes tocarry away heat and to enable 

fastgrindingwhile the sample was turned through an angle of 90
0

, after which they were placed on a rotating 

wheel covered with emery cloth of grits 1200 while a suspension of alumina powder and water was poured on it 

at regular interval to carry heat away and to enable fast polishing. The samples were polished to mirror-finished 

image.  

 

 

Fig 2.A picture showing the grinding table 

Etching of samples: 

1) 5% (5ml) Nitric acid was measured and mixed with 95% (95ml) ethanol with a graduated cylinder in a 

volumetric flask. 

2) Three Petri dishes were made available, one with the etchant, the second one with water and the third with 

ethanol. 
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3) The samples were agitated in the etchant for 40 seconds and quickly wash in water to stop the etchant from 

attacking more of the phases. Finally they were rinsed in ethanol. 

4) The hot air blower was used to dry the surface. 

Observing the microstructure under the microscope: 

1) The etched sample was placed on a glass slide with plasticine in between. 

2) The sample is levelled and placed under the microscope. 

3) The desirable magnification was chosen by selecting one of the objective pieces ( X 500 in this work). 

4) The focusing was adjusted until a good focus was found by looking into the eye piece. 

5) The image of the microstructure was captured with the help of a computerized system for interpretation. 

 

 

Fig 3.A Picture showing a sample mounted on a computerized microscope                                                                                                 

and its microstructure displace on the screen. 

Preparation of specimen for wear test: The heat treated steel samples along with the one with no heat treatment 

are shaped into standard wear test specimens of length 30mm and diameter of 10 mm. One specimen from each 

of the following phases is tested for wear behavior. 

1) As received 

2) 100% martensite 

3) Pearlite + Cementite 

4) Martensite + Cementite 

5) Spherodized Cementite 

Standard pin on disc wear testing machine is used. One specimen from each of the above phases is used. Initial 

weight of the specimen is measured. The specimen is pressed against the disc with a uniform load of 4kg and the 
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disc is rotated at a constant speed of 500 rpm for exactly sixty minutes. The weight of the specimen after the test 

is measured and the difference gives an indication of wear strength. 

Simultaneously another method which involves the height loss of the specimen during the test is measured using 

an LVDT (Linear Variable Differential Transformer). The height loss is noted for every minute during the test. 

The height loss is a more sensitive way of determining the wear strength of thespecimen. 

 Rockwell Hardness testing machine was used to measure the hardness number. Diamond indenter is 

selected. The reading is set for zero in the unload condition and the indenter is bought in contact with the 

specimen. Then the minimum load applied was 60 kgf. The readings for the hardness numbers are tabulated in 

the results and discussion. 

 

 

 

Fig 4.pin on disc wear testing machine 

 

III. RESULTS AND DISCUSSION 

Study of microstructure: The microstructures presented below have been studied under a computerized 

microscope under a magnification of  200X. 

pearlite + cementite 
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Fig .5 Micrograph of Pearlite and Cementite                                                   Fig 6. Micrograph of martens 

 

 

Fig 7.Micrograph of Spherodized Cementite 

VI. Results and discussion of wear tests 

From the literature survey it is observed that, for the hyper eutectoid steels i.e., above 0.8% carbon, with 

increase in the carbon content the wear resistance is almost the same. But the effect of heat treatment on the 

hypereutectoid steel is more effective. 
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Fig 8. Effect of wear in time on weight loss for all specimens 

From the above figure it is observed that weight loss is minimum for as received, martensite and spherodized 

steels. And wear rate is high for annealed and martensite with cementite. The cementite phase is hardest among 

the other phases. Then comes the martensite phase.Annealed the least hardness among the heat treated 

specimens. The spherodzied cementite structure is embedded in the ferritic structure. 

From the wear law of Archard equation it is understood that the wear loss is directly proportional to the load and 

sliding distance and inversely proportional to the hardness of the material. In this research work the same sliding 
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distance is considered. Also the same load of 4kg is considered to compare the wear resistance of the different 

microstructures. So only the hardness of the material will effect on the wear resistance. 
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Fig 9.Effect of wear in time on height loss for all specimens 

 

From the above figure it is observed that the fluctuation occurred in the height loss with the time. During the 

wear as the times passes the height loss should increase. But during the wear the frictional temperature generates 

between the wearing surfaces of sliding pin and rotating disc. Due to this temperature and normal pressure the 

formation oxide formation takes place on the wearing pin and rotating disc. Due to the presence of this oxide 

layer the thickness is reduced. With further wear the thickness of the oxide layer will increase. After certain 

thickness of the oxide layer suddenly the oxide layer will break and directly the pin comes in contact with the 

disc. Therefore the fluctuation occurs in the height loss during the wear. Also it is observed that for some 

specimens the height loss is increased and for some specimens the height loss is almost uniform and there is a 

little increase in the height. If the specimen is rested on the whole surface the pressure distribution is uniform 

due to the normal load. If the specimen is inclined then the pressure distribution is initially very high due to 

stress concentration at a particular edge. So the height loss is varied more with increase in the time. Therefore it 

is better to consider the weight loss to estimate the wear rate rather than the height loss.   

From the figure it is observed that more fluctuation in frictional force for soft matrix like annealed specimen. 

Also it is observed that less fluctuation in frictional force for hard matrix like martensite and cementite.  During 

the wear the loss of material takes place due to the shearing of the material. Hard material shears easily and soft 

material will not shear easily due to its more toughness and result in tearing of material. The sheared material 

have smooth surface and teared material have rough surface. 
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Annealed material has low hardness hence its variation in frictional force is more. The martensite is hardest 

material so its variation in frictional force is low. Whereas the spherodized structure hardness is between the 

annealed and martensite so its variation is also between the annealed and martensite. 

But for as received material the variation in frictional force is low. This is not due to the hardness of the material 

but due to the fine reinforcement of the cementite in the fine pearlite. 

 

 

Hardness Test Results and discussion 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 10. Hardness  

 

Test Results 

From the figure it is understood that the hardness of the annealed specimen is low, because it has coarse grained 

and completely residual stress free structure. The as received material hardness is just more than the annealed. 

As received materials is usually normalized condition in the atmosphere. The microstructure of the as received 

material is usually fine grains. The hardness of the martensite structure is more than the as received material. 

Because to get the martensite structure the specimen is required to quench in the oil. So in this material the 

hardness is high due to the presence of residual stresses. The hardness of the combination of martensite and 

cementie is very high due to the presence of cementite which is the hardest among the other phases. The 

spherodized structure has less hardness then the martensite due to the residual stress free and spherodized 

cementite. 
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IV. Conclusions: 

From the results some of the conclusions are drawn as shown below. 

1. Under the same normal load, sliding speed and sliding distance the spherodized structure has shown 

low wear loss after the heat treatment.  

2. Wear loss is more for the annealed specimen. 

3. Wear loss of martensite is low after the heat treatment but just more than the spherodized structure. 

4. As received weight loss is also low before heat treatment. 

5. The wear loss of combination of martensite and cementite is high but less than the annealed.  

Hyper eutectoid steel are used where hard and wear resistance is required.  Usually to improve the wear 

resistance it is required to heat treat the material like hardening. Wear loss is a function of the sliding distance, 

Normal load and hardness of the material. The sliding distance and normal load are directly proportional to the 

volumetric wear rate, whereas hardness is inversely proportional to the volumetric wear rate. With increase in 

the hardness, the volumetric wear rate is reduced i.e., wear resistance will increase. But this is not true for all 

situations and materials. With increase in the hardness its correspondence toughness will decrease. With 

decrease in the toughness the brittleness will increase. Increase in the brittleness its corresponding shear stress 

will decrease. During the wear the material will loss due to its shear stress, more the shear stress lesser the 

material loss. Lesser the shear stress more the material loss. 

After the heat treatment for the hardnening i.e., 100% martensite, martensite +  Cementite and spherodized 

structure. Among these specimens the martensite plus cementite is more harder. Next is the martensite is hard. 

Then comes the spherodized structure.  

After the heat treatment the hardness will increase but for the rule of volumetric wear rate, the values of 

hardness is usually not considered.  

 Martensite is a very hard material and its hardness is almost near to 800 vpn. Also its shear strength is  

very low. Even though its hardness is high the weight loss for the martensite is very high after the hardness heat 

treatment. 

Table 1.Weight loss due to wear and hardness table 

Specimens Load (kg) Slider 

speed 

(rpm) 

Initial 

weight (gm) 

Final 

weight 

(gm) 

Loss in 

weight 

(gm) 

Hardness 

(RC) 

As received 4 500 17.8590 17.8452 0.0138 57 

Martensite 4 500 17.6568 17.6355 0.0213 59 

Annealed 4 500 18.3154 18.0786 0.2368 48 

Martensite + 

Cementite 

4 500 17.9498 17.7870 0.1628 62 
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Spherodized 

Cementite 

4 500 17.9057 17.8893 0.0164 54 
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ABSTRACT 

Connecting rod is the mechanical element which used in Internal Combustion Engine (IC Engine). The basic 

function of connecting rod is to transfer power from piston to the crank shaft and It converts reciprocating 

motion of piston in to rotary motion of crank shaft. The main objective of this paper is design evaluation 

through finite element analysis for fatigue life of Hero Honda Motor Cycle connecting rod. By using FEA and 

Experimentation method find the structural system of the existing connecting rod and on the basis FEA and 

Experimentation result recommend the best alternative design for connecting rod. 3D model of connecting rod 

is created in CATIA software and it will be analyze in HYPERMESH software. The structural strength of 

connecting rod will be verified on Universal Testing Machine (UTM). 

 

Keywords:  Connecting Rod, Finite Element Analysis, Model, Structural Strength. 

 

I. INTRODUCTION 

 

The intermediate component between crank and piston is known as connecting rod. Connecting rod is also 

known as conrod and is used to connect the piston to crankshaft. As a connecting rod is rigid, it may transmit 

either a push or a pull and so the rod rotates the crank through both halves of a revolution, i.e. piston pushing 

and piston pulling. Earlier mechanisms, such as chains, could only pull. In a few two stroke engines, the 

connecting rod is only required to push. Today, connecting rods are best known through their use in internal 

combustion piston engines, such as automotive engines. These are of a distinctly different design from earlier 

forms of connecting rods, used in steam engines and steam locomotives. One source of energy in automobile 

industry is internal combustion engine. Internal combustion engine converts chemical energy into Mechanical 

energy in the form of reciprocating motion of piston. Crankshaft and Connecting rod convert reciprocating 

motion into rotary motion. Connecting rod is one of the important driving parts of Light vehicle engine it forms 

a simple mechanism that converts linear motion into rotary motion that means the connecting rod is used to 

transfer linear, reciprocating motion of the piston into rotary motion of the crankshaft.[6] 

 

 

 

II. SUMMARY OF LITRATURE REVIEW  
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Sr. 

No. 

Author Name Year Study 

1 Priyank D. Toliya, Ravi 

C. Trivedi, Prof. Nikhil 

J. Chotai 

2013 The objective of this research is to investigate the failure analysis of the 

connecting rod of the automotive engine. In the starting of the work The 

static loads acting on the connecting rod, After that the work is carried out 

for safe design and life in fatigue. Fatigue Analysis is compared with the 

Experimental results. 

2 P S Shenoy , A Fatemi 2006 In this study, detailed load analysis under service loading conditions was 

performed for a typical connecting rod, followed by quasi-dynamic finite 

element analysis (FEA) to capture stress variations over a cycle of 

operation. On the basis of the resulting stress-time histories, variation of 

stress ratio, presence of mean and bending stresses, and multiaxiality of 

stress states in various locations of the connecting rod under service 

operating conditions were investigated. 

3 M.N. Mohammed, M.Z. 

Omar, Zainuddin 

Sajuri, A. Salah, M.A. 

Abdelgnei, M.S. Salleh 

2011 The study applied a finite element analysis and metallographic 

examination. Based on the findings, It was found that it is possible for each 

casting defect to develop depending on the cyclic loading behavior of the 

connecting rod into the start point for crack initiation before the occurrence 

of catastrophic failure. 

4 M.Omid, Mahamoodi 2008 FEA is used to find out displacement , stresses , tension and compression 

loading condition in the connecting rod of universal tractor(U650) 

5 S B Chikalthankar, V 

M Nandedkar, Surendra 

Prasad Baratam 

2012 The present work shows the complete connecting rod Finite Element 

Analysis (FEA) methodology. It was also performed a fatigue study based 

on Stress Life (SxN) theory, considering the Modified Goodman diagram. 

6 R. Luria, C.J. Luisa, D. 

Salcedoa, J. Leóna et 

all. 

2013 This present work deals with the design of a set of dies employed to 

manufacture a connecting rod by forging a billet of 

Nano structured aluminum alloy. 

7 Atish Gawale, A. A. 

Shaikh , Vinay Patil 

2012 This study deals with nonlinear static analysis and optimization of forged 

steel connecting rod.  The design and weight of the connecting rod 

influence the engine performance. Hence optimization is to be carried out. 

The percentage weight reduction obtained was 7.35% by optimization. 

8 Vivek. C. Pathade, 

Bhumeshwar Patle, 

Ajay N. Ingale 

2012 The paper deals with the stress analysis of connecting rod by Finite 

Element Method using Pro/E Wildfire 4.0 and ANSYS WORKBENCH 

11.0 Software 

9 Bin Zheng , Yongqi Liu 

, Ruixiang Liu 

2013 Stress distribution and fatigue life of CR in light vehicle engine were 

analyzed using the commercial 3D finite element software, ANSYSTM. 

The results showed that the medial surface of small end will be the critical 

surface whereby damage will initiate at the maximum stretch condition. In 
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order to increase the reliability of CR, some improvement is carried out. 

Safety factor of CR increases by 59%. 

10 Kuldeep B, Arun L.R, 

Mohammed Faheem 

2013 In this work connecting rod is replaced by aluminium based composite 

material reinforced with silicon carbide and fly ash. and it also describes 

the modelling and analysis of connecting rod. FEA analysis was carried out 

by considering two materials. The parameters like von misses stress, von 

misses strain and displacement were obtained from ANSYS software. 

Compared to the former material the new material found to have less 

weight and better stiffness. 

 

III. RESEARCH GAP 

 

Most of the studies are done on Heavy Vehicle connecting rod had focused on stress, deflection, critical surface 

area of connecting rod, weight of connecting rod and all these studies are carried out by FEA software and there 

is very experimentation and validation results are found. In other side very less research work done on the stress 

distribution and fatigue life of connecting rod used in light vehicle engine. The new analysis will examine the 

calculation for the stresses and fatigue failure of the Hero Honda Motor Cycle connecting rod. 

 

IV. SPECIFICATION OF THE PROBLEM 

 

The aim this present work is to design a connecting rod based upon its fatigue life. 3D model connecting rod 

will be created in CATIA software and it will be analyzed in HYPERMESH software. Find out stresses, 

deflection of existing connecting rod. Structural strength of connecting rod is verified over an UTM. As for the 

fatigue life determined by the FE analysis the same shall be compared with historical data. Recommend the best 

design for connecting rod experimentation and validation. 

 

V. OBJECTIVES 

 

a)  Study the existing system of connecting rod find out problem areas, different parameters such as stresses, 

deflection , fatigue failure of the component for redesign of connecting rod.  

b) 3D CAD model of connecting rod will be created in CATIA and it’ll be analyzed in HYPERMESH software.  

c) To conduct test on Universal Testing Machine to find stress and deflection of existing connecting rod. 

d) To analyze the alternative geometry for connecting rod using suitable tools such as HYPERMESH software. 

e) To recommend the best alternative design for the connecting rod through experimentation and   validation. 

 

VI. SPECIFICATION OF EXISTING CONNECTING ROD 

 

Specifications of Splendor 100CC Engine                                                                                              

 Displacement : 97.2CC 

 Bore X Stroke : 50 X 49.5 (in mm) 

 Max. Power : 5.5Kw at 8000rpm 

 Max. Torque : 7.95Nm at 5000rpm 

mailto:7.95Nm@5000rpm
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 Compression Ratio : 9:1     

Table1 Dimension of Connecting Rod 

 

                                      

 

 

 

 

 

 

 

 

 

 

VII. MATHEMATICAL CALCULATION 

7.1 Pressure Calculation 

 Density of Petrol (C 8H 18), ρ = 750 Kg/m
3 
 = 750 x 10 

-9
Kg/mm

3
 

 Operating Temperature, T = 293.15 K 

 Mass = Density x Volume = m = 750x10 
-9 

x 97.2x10
3
    = 72.9x10

-3
 Kg 

 Molecular weight of petrol,  

M =114.228x10 
-3 

Kg/mole 

 Gas constant for petrol, R = 8314.3/114.228x10
-3

     = 72.79x10 
3
J/Kg.mole.K 

From Gas law equation ,  PV = mRT =  P = mRT/V   = 72.9x10 
-3

x72.79x10 
3
x293.15/ (97.2x10

 3
   = 16 MPa 

 

7.2 Design Calculation 

 Gas Force = Pressure x Cross section area of piston 

Fl = P x π/4 x D
2
= 16xπ/4x50

2 
= 31415.93 N

 

 

VIII. METHODOLOGY 

8.1. Finite Element Analysis Method 

By using design parameters of existing connecting model create 3D CAD model of connecting rod using 

CATIA software and then model is imported in HYPERMESH software for further analysis  

Sr. 

no.  

Parameters Value 

1.  Length of connecting rod 

 

123mm 

 

2.  Outer Diameter of Big end 

 

39.02mm 

 

3.  Inner Diameter of Big end 

 

30.19mm 

 

4.  Outer Diameter of small end 

 

17.75mm 

 

5.  Inner Diameter of Small end 

 

13.02mm 
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Fig.1 Connecting Rod Using CATIA Software 

8.1.1 Meshing  

Create meshing of model the mesh should be finer and represent the geometry in critical areas. Here we done 

solid meshing because a part with all the three dimensions (x, y, z in a Cartesian coordinate) comparable are 

usually meshed with solid elements. The mesh model of connecting rod is as shown in fig.2 

  

Fig. 2 Meshing of Connecting Rod 

8.1.2 Load Diagram of Connecting Rod  

Make crank end fix and apply pressure of 16MPa load at the piston end of connecting rod which is calculated by 

mathematical calculation. The load diagram is shown in Fig.3 
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Fig. 3 Load of Connecting Rod 
8.1.3 Results and Discussion  

By FEA test we get the values of maximum and minimum von-misses stress. It is shown in Fig. 4 and Fig. 5. 

 

        

Fig. 4 Displacement Plot                                         Fig. 5 Stress Component 

 

 

 

 

 

 

8.2. Experimentation 

8.2.1 Experimental Setup Information 

The specs for the UTM (Universal Testing Machine) used for the Test are as below 

Make: Star Testing System (India) - Software based 

Model No: SPS 248 

Type: DC Servo Control 

Speed for loading: 5mm/min to 500mm/min     

Name  Maximum  Minimum  

Von-misses 

stress  

431.34N/mm
2
  2.20 N/mm

2
 

Displacement  0.18 mm  0.0 mm  
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Strain Gauge  

Type - Fixed Gauge 

Gauge length - 25 to 50mm 

Strain gauge positioned with the terminal 

         

                               Fig. 6 UTM  Machine                             Fig. 7 Tensile Test Set Up [EthikaEngg.  

                                                                   Solution  pvt ltd. Pune  

8.2.2 Observation Chart  

 

 

 

 

 

IX. FEA AND EXPERIMENTATION RESULT 

 

As we compare FEA and Experimentation test we get the same result for Stresses and Deflection. By using 

same inputs analyze the alternative geometry for connecting rod through experimentation and validation. 

 

 

 

 

 

 

X. NEED OF MODIFIED GEOMETRY 

 

After studying existing model of connecting rod we found that the stress concentration is more at oil hole 

portion and neck  radius portion of crank and piston end  so to reduce this stress and improve its fatigue life we 

modify the geometry by making some changes in the present design.    

 

XI. DISCUSSION & CONCLUSION 

Load (N) Deflection (mm) Max stress(N/mm
2) 

  31000   0.1812     431.153 

          Test        Experimentation FEA 

Deflection (mm)                 0.1812 0.18 

Max 

stress(N/mm
2)

 

               431.153 431.34 
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From the above study we can conclude that as we conduct test on FEA and UTM machine we got the same 

result for stresses and deflection and the maximum stress concentration is occurred at oil hole portion and at 

neck radius of crank and piston end In order to reduce stresses , deflection at neck radius and  improve fatigue 

life of connecting rod we can make small changes in geometry of connecting rod. 
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ABSTRACT 

Case study for assessment of design methodology and three dimensional numerical (CFD) analysis of forward 

curved blade type centrifugal blower. Input data selected for design is based on industrial requirement for 

texturising machine to study forward curved blade type centrifugal blower. 

 

Keywords: Design of Forward Curved Blade Type Centrifugal Blower; Numerical Simulation 

CFD; Flow Characteristics; 

 

I. INTRODUCTION 

 

Much research has gone into more and more systematic design of centrifugal blower. Different authors have 

been suggested different procedures, although each has a slightly different method of calculation, the broad 

underling principles all are similar. Impeller design procedure suggested in this paper is as per Eck Bruno. 

Casing design and Calculation of losses in this design is suggested by author W C Osborne. Volute is taken as 

spiral shape. Iterations are made to design calculations to get optimum geometry at minimum losses. The design 

procedure described in three main sections are 1) Non dimensional parameters 2) Impeller design 3) Volute 

design. The Non dimensional parameters will be of considerable assistance to manufacturers and users of fans 

who are not concerned with the theoretical aspects of designs. Input data is selected common for each design & 

is based on industrial requirement for texturising machine. The selected input data is, Discharge V =0.5 m
3
/sec, 

Differential Pressure P=981.2 Pa, Speed N=2800 rpm, Delivery Pressure Pd= 784.8 Pa, Suction Pressure Ps= -

196.4 Pa, Suction Temperature Ts=30 C = 303 K, Atmospheric Pressure=1.01325 x 10
5
 Pa, Atmospheric 

Temperature =30C = 303 K. The numerical analysis carried out for forward curved blade type centrifugal 

blower using Ansys CFX software. 

 

II. DESIGN OF FORWARD CURVED CENTRIFUGAL BLOWER 

 

The design procedure described in three main sections are 1) Non dimensional parameters 2) Impeller design 3) 

Volute design. The Non dimensional parameters will be of considerable assistance to manufacturers and users of 

fans who are not concerned with the theoretical aspects of designs. 
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2.1 Nondimentional Parameters 

For the design, comparison, and critical assessment of all fans, one employs dimensionless coefficients. These 

coefficients must be dimensionless so that the numerical values which arise are independent of the actual 

increase in pressure, the mass flow, and other physical properties. There are in the fortunate position of being 

able to recommend a number of dimensionless coefficients which are the results of extensive study and which 

will most probably become standardized. 

 

 

Coordinator has given the relation between  and  in graphical form .the graphical form converted into 

mathematical form by Weighted Residue Method. The resultant equation for  in different  stages obtained 

bellow  

= a 
-b 

                                                                     where,   is diameter coefficient    

Here,  a  = 0.99 where 0.1 <  < 0.4 

 = 1.5 where  0.4 <  < 2 

                                = 0.995 where 0.1 <  < 0.4 

b = 0.5866 where 0.4 < < 1 

 = 0.505 where 1 < < 2 

 = 2.418 for    =  0.443   

 
 

2.2 Impeller Design  

                  Now,                                      = air density,   = peripheral velocity at outlet of impeller 

                                0.872                                     Hence,    

                                            v = volume flow rate,   = outlet diameter of impeller 

                                0.159                                 Hence,   

 

Formula for the volume coefficient  is given in Eck Bruno„s book, i..e 

           , where   = hub diameter, t = blade thickness and  

  = inlet blade angle of impeller. 

Taking      ,  , ,  
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                          Taking values  and the above calculated , 

             Hence,  

Number of blades in impeller is  

                                                       =outlet blade angle of impeller 

Thus the number of blades depends only on the  and the radial ratio . The formula gives an approximate 

indication of number of blades required for normal radial impellers, while multivane impellers require more 

specialized treatment. However, the optimum number of blades of radial impeller can only be truly ascertained 

by experiment. 

Number of blades  optimized experimentally by Mr. Nitin Vibhakar for above taken input data. 

Thus for  

                                   Hence,  

In the impeller separation of flow at the bend must be prevented. The most effective measure to combat 

separation at this point is to accelerate the main stream. 

“Therefore the impeller entry area must be smaller than the intake opening . This change in area 

will be designed by  

Thus,                                 where,   = blade width at inlet of impeller 

With 20 % acceleration, i.e.                

                         Hence,   

No information is yet available to enable the discharge width  to be determined from one definite aspect. In 

practice, one finds both parallel as well as tapered shrouds enclosing the blades of an impeller. 

The shape of the shroud will depend on the shape of the blade. The decisive factor is the blade passage, not the 

meridional area. The mean velocity reduces from to  in the blade passage. This deceleration is a very 

important factor in the design of an impeller. In the absence of reliable experimental data about the separation of 

flow in rotating passage, one makes use of an analogy with stationary diffusers. 

Accordingly care must be exercised to ensure that the tapering angle dose not exceed  to .  

Therefore taking the  tapering angle, the formula will be 

     where,  = blade width at inlet of impeller and  = blade width at outlet of impeller 

                      Hence,     

Now velocity at inlet,  where,                                                                                                                          

 = peripheral velocity at inlet of impeller     = speed of impeller in rpm 

                           Hence,     

From the inlet velocity triangle,  ,                                             

Therefore,                   where,  = Relative velocity at inlet of impeller                                                                                                                                                         
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                                    Hence,  

Now,                 where,  = absolute velocity at inlet of impeller 

                  Hence,  

One plots the cross- sectional area of the shroud or diameter of an equivalent circle against the mean velocity of 

the stream lines so that the enlargement of the blade passage area can be easily examined. The shorter the blade 

passages, i.e. a larger value for , the less area. In general, one can relate the permissible enlargement of 

the blade passages, which is dependent on , to the diameter ratio. Therefore as an approximation 

 

So assumed that              where,   = Relative velocity at inlet of impeller                                                                                                                                                         

                                Hence,  

From outlet velocity diagram,  

                    where,  = Tangential component of Absolute Velocity 

        Hence,  

 

         Hence,  

 

              Hence,  

Now,                where,  = absolute velocity at outlet of impeller 

           Hence,       

Air angle at outlet is,        Hence,  

The Fan Power = P V Watts6.4905.02.981   

Consider power factor 1.1 

Therefore, Power factor powerfan  the1.1  =1.1x 490.6 =539.66 Watts 

P = m x W       

 

2.3 Design of Volute Casing 

Analyzing steady flow energy equation at inlet and exit 

 

 

1. Casing Outlet Velocity                        

2. Width of volute casing (Bv), Backward curved is 2.5 b2 , Forward curved is 1.25 b2 

And For Radial tipped is taken as 1.875 b2 = 2 b2 

       Here Bv = 1.8 b2  = 2 x 0.0433 =  0.055 m 
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3. Centrifugal Fan Casing                       Where k = 0.0023 for backward blade impeller 

  = 0.0020 for forward blade impeller 

            = 0.00215 for radial blade impeller 

                  

Therefore for forward blade impeller        

So we get, 

 in º 0 60 120 180 240 300 360 

r  in m 0.1515 0.16968 0.18786 0.20604 0.22422 0.2424 0.26058 

 

4. Radius of volute tongue       

5. Angle of volute tongue        

 

2.4 Losses 

1. Leakage loss ( ), Here, We are dealing with sharp-edged openings we shall assume that a coefficient 

of contraction  is applicable to gap. 

Thus volume leakage through the gap is    

 

 

2. Entry losses ( ), this type of Losses may arise from a change of direction in the impeller, i.e. upon entry 

into the impeller intake; the air is diverted through an angle of approximately 90 before entry into cascade. 

These losses, which are comparable to losses at bends, are dependent upon the values of  and . If one 

relates this loss in the usual manner to the dynamic pressure of the maximum velocity,  

Then        Where,  

            

3. Friction loss in the impeller ( ), the greatest 

losses arise from the passage of a fluid through an impeller. Length of blade curve is     Where,    

   and  

           

          

                             Where,   
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4. Volute Casing Pressure Loss( )        

 

 

5. Disk Friction( )       

 

 

Other Parameters: 

1. Power Loss InWatts Due To Disk Friction     

 

2. Hydraulic Efficiency 

       

3. Volumetric Efficiency       

4. Total efficiency   

 

5. Power Required to Run the impeller 

 

 So Torque  

6. Shaft Diameter    

7. Blade Profile by Circular arc Method          

 

 

Table 2.1 shows the values as per 0-iteration. Now, further calculations are done by adding leakage loss and 

pressure losses in discharge and differential pressure given in design input data   respectively. 1
st
 and 2

nd
 

iterations are   shown in table 2.2, table 2.3 respectively. The calculation summaries listed bellow in tables. 

     

 

 

 

 

 



 

618 | P a g e  

Table 2.1 

0
th

 ITERATION At 

 

and 

 

0
th

 ITERATION At 

 

and 

 

Non dimensional parameters Volute Casing 

Speed  coefficient                                                         0.443 Width Of  Casing Bv 0.055 m 

diameter coefficient                                                     2.418 Outlet Velocity Of Casing  21.87 m/s 

Pressure coefficient                                                   0.872 Diameter Of Casing at 0

  0.1515 m 

Volume coefficient                                                  0.159 Diameter Of Casing at360

 0.2605 m 

Impeller inlet Dimensions Volute Tongue Angle  7 

Peripheral Velocity   30.49 m/s Radius of Tongue  0.1623 m 

Relative Velocity     35.212 m/s Casing Pressure Losses  10 pa 

Meridian Velocity  17.606 m/s Disk Friction   0.0066 N m 

Absolute Velocity  17.606 m/s Power Loss Disk Friction  1.995 watt 

Impeller Diameter  0.208 m Power Required To Run impeller 584.8watt 

Width Of Blade  0.0433 Hydraulic Efficiency  89.45  

Air Angle   90 Volumetric Efficiency  81.61  

Blade Angle                                                                                                           30 Total Efficiency  73.8  

Impeller Outlet Dimensions Shaft Diameter  0.01069 m 

Peripheral Velocity   43.95m/s Blade Profile Radius   0.1894 m 

Relative Velocity   24.252 m/s   

Meridian Velocity  14.385 m/s   

Absolute Velocity  28.323 m/s   

Impeller Diameter  0.302 m   

Width Of Blade  0.035 m   

Air Angle  30.46   

Blade Angle  36.30   

Leakage Loss  0.113    

Entry loss  27.08 pa   

Pressure Losses In Impeller  78.60 pa   

                                                                                              .                          
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Table 2.2 

1
st
 ITERATION At 

 and 

 

1
st
 ITERATION At 

 and 

 

Non dimensional parameters Volute Casing  

Speed  coefficient                                                       0.4508 Width Of  Casing Bv 0.059 m 

diameter coefficient                                                         2.3937 Outlet Velocity Of Casing  22.5 m/s 

Pressure coefficient                                                       0.860 Diameter Of Casing at 0

  0.1605 m 

Volume coefficient                                               0.162 Diameter Of Casing at360

 0.2760 m 

Impeller inlet Dimensions Volute Tongue Angle  7 

Peripheral Velocity   32.7 m/s Radius of Tongue  0.172 m 

Relative Velocity     37.76 m/s Casing Pressure Losses  15.52 pa 

Meridian Velocity  17.86 m/s Disk Friction   0.0072 N m 

Absolute Velocity  17.86 m/s Power Loss Disk Friction  2.11 watt 

Impeller Diameter  0.2225 Power Required To Run impeller 803.6watt 

Width Of Blade  0.0465 Hydraulic Efficiency  89.3  

Air Angle   90 Volumetric Efficiency  82.71  

Blade Angle                                                                   30 Total Efficiency  73.86  

Impeller Outlet Dimensions Shaft Diameter  0.01170 m 

Peripheral Velocity   46.79 m/s Blade Profile Radius   0.1933 m 

Relative Velocity   26.34 m/s   

Meridian Velocity  15.32 m/s   

Absolute Velocity  29.80 m/s   

Impeller Diameter  0.320 m   

Width Of Blade  0.038 m   

Air Angle  30.99   

Blade Angle  35.37   

Leakage Loss  0.128    

Entry loss  28.31 pa   

Pressure Losses In Impeller  87.03 pa   
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Table 2.3 

2
nd

 ITERATION At 

 and 

 

2
nd

 ITERATION At 

 

and 

 

Non dimensional parameters Volute Casing 

Speed  coefficient                                                         0.4465 Width Of  Casing Bv 0.059 m 

diameter coefficient                                                     2.4071 Outlet Velocity Of Casing  22.5 m/s 

Pressure coefficient                                                   0.866 Diameter Of Casing at 0

  0.1610 m 

Volume coefficient                                                  0.161 Diameter Of Casing at360

 0.2769 m 

Impeller inlet Dimensions Volute Tongue Angle  7 

Peripheral Velocity   32.75 m/s Radius of Tongue  0.1723 m 

Relative Velocity     37.87 m/s Casing Pressure Losses  15.52 pa 

Meridian Velocity  17.86 m/s Disk Friction   0.00725 N m 

Absolute Velocity  17.86 m/s Power Loss Disk Friction  2.112 watt 

Impeller Diameter  0.223 Power Required To Run impeller 803.6watt 

Width Of Blade  0.0465 Hydraulic Efficiency  89.4  

Air Angle   90 Volumetric Efficiency  82.71  

Blade Angle                                                                     30 Total Efficiency  73.86  

Impeller Outlet Dimensions Shaft Diameter  0.01170 m 

Peripheral Velocity   47.01 m/s Blade Profile Radius   0.1964m 

Relative Velocity   26.34 m/s   

Meridian Velocity  15.355 m/s   

Absolute Velocity  29.86 m/s   

Impeller Diameter  0.321 m   

Width Of Blade  0.0385 m   

Air Angle  30.94   

Blade Angle  35.66   

Leakage Loss  0.1286    

Entry loss  28.31 pa   

Pressure Losses In Impeller  87.84 pa   

After this diameter of impeller & the parameter is unchanged. So, there is no need to do further iteration.
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III. NUMERICAL ANALYSIS RESULTS 

 

The numerical analysis carried out for forward curved blade type centrifugal blower using Ansys CFX software 

is presented herewith. This section presents qualitative and quantitative simulation results of the flow in forward 

curved blade type centrifugal blower with 0.5 m3/s discharge, 2800 rpm rotational speed and 16 numbers of 

blades in impeller. Efficient energy transfer in a centrifugal blower depends upon proper blade profile, gradual 

change in area of volute casing and smooth surface finish. For such energy transfer Flow lines must be parallel 

to each other and should generate streamlined flow within guided three dimensional passages. 

Smooth and parallel streamlines within and around impeller region confirms well guided path for flow offered 

by this design. Flow leaves impeller smoothly to enter in volute casing. Volute casing progressively transmit 

flow up to outlet of the centrifugal blower. The flow just before tongue is recirculating towards impeller and 

after tongue it generates small vortex.   

Following figure shows the streamline pattern for forward curved centrifugal blower with 0.5 m3/s discharge, 

2800 rpm rotational speed and16 number of blades in impeller                                                                   

 

 

 

 

 

 

 

 

Figure: Streamlines of Designed Centrifugal Blower 

Contours of static pressure, total pressure and velocity magnitude at inlet of inlet duct of forward curved blade 

centrifugal blower 

   

  

 

Range for static pressure = -206.4 to -198.7 Pa  

Average static pressure =   -203.102 pa  

 

Range for total pressure  = -178.4 to -170.8 Pa  

Average total pressure = -175.039 pa  

 

Range for velocity magnitude = 0 to 6.884 m/s  

 Average velocity magnitude = 6.88213 m/s  
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Contours of static pressure, total pressure and velocity magnitude at inlet of impeller of forward curved blade 

centrifugal blower 

   

 

 

Contours of static pressure, total pressure and velocity magnitude at outlet of impeller of forward curved blade 

centrifugal blower 

      

 

 

Contours of static pressure, total pressure and velocity magnitude at outlet of casing of forward curved blade 

centrifugal blower 

      

 

 

 

 

 

Taken input data for design of blower,  

Range for static pressure = -2796 to –69.25 Pa  

 Average static pressure = -482.403 pa  

 

Range for total pressure = -3347 to 290.6Pa  

Average total pressure =  -491.022 pa  

 

Range for velocity magnitude = 0 to 52.46 m/s  

 Average velocity magnitude = 22.8954 m/s  

 

Range for static pressure = 457.2 to -1341 Pa  

Average static pressure = -613.294 pa  

 

Range for total pressure = -2495 to -56.65Pa  

Average total pressure =  -1421.74 pa  

 

Range for velocity magnitude = 0 to 44.46 m/s 

Average velocity magnitude = 27.6072 m/s  

 

Range for static pressure = 457.2 to -1341 Pa  

Average static pressure = -613.294 pa  

 

Range for static pressure = 457.2 to -1341 Pa  

Average static pressure = -613.294 pa  

 

Range for static pressure = 457.2 to -1341 Pa  

Average static pressure = -613.294 pa  
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 i.e. Discharge = 0.5 m3/s,  Differential pressure =981.2, Rotational speed = 2800 rpm,  

Inlet pressure at inlet duct = -196.4 pa  and  Outlet pressure at casing = 784.8 pa 

      And simulation of flow in forward curved blade type blower at rotational speed = 2800 rpm and at discharge 

=0.5 m3/s gives following results,  

 i.e. Inlet pressure at inletduct = -203.102 pa,  Outlet pressure at casing = 785.085 pa, 

      and Differential pressure = 988.187 pa 

So we can say error between simulated results and in design of blower is    = 

0.707%

 

IV. CONCLUSION 

 

1. The theoretical and numerical analysis (CFD) is closer to design point conditions in centrifugal blower 

under study.  

2. The flow phenomenon of recirculation near tongue region is confirmed by numerical analysis as shown by 

stream line diagram.  

3. Pressure pulsations are observed at impeller outlet near tongue region caused by obstruction of tongue.  

Hence design of tongue is very important in blower design to reduce back flow and recirculation.  

4. The mean pressure distribution around the volute is not uniform even at the design flow rate. Jet and wakes 

are observed in the vicinity of tongue region. 

5. The nature of curves obtained after simulation closely follows trend of standard fan performance curves  

6. Low and high pressure regions along suction and pressure side respectively of a blade are visualized by 

numerical analysis. Energy transfer from impeller to fluid is also confirmed by pressure and velocity 

contours within blade passage.  
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