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Abstract— An I.C. engine (internal combustion engine) 

commonly utilizes a four stroke operation process in engine 

including as an intake process, compression process, 

expansion process, and exhaust process and in addition to this 

four stroke process, in addition of a secondary process, add 

two additional strikes for scavenging process which installs a 

fresh air to intake stroke and exhaust stroke to exhaust for any 

remaining burnt and un-burnt gases from the combustion 

chamber. It is also estimated that about 35 percent of fuel 

energy is lost in exhaust of engine and 30 percent in cooling 

down of engine. Out of the remained 35 percent of energy of 

the fuel about 50 percent of energy gets converted into the 

work. Two extra additional strokes have to be added for 

increase the thermal efficiency and better utilization of the 

fuel. The modelling of a camshaft for six stroke engine 

created by using computer aided design (CAD).Finite 

element analysis (FEA) is performed to analysis critical 

locations of the camshaft using the ANSYS software. This 

analysis performed for find out critical location of camshaft 

during load conditions. 
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I. INTRODUCTION 

Camshaft is a complex geometry in internal combustion 

engine. This converts rotary motion in the reciprocating 

motion of valve in desired timing. The camshaft was first 

described in turkey by Al-Jazari in 1206. The first car to 

utilize the engines with camshaft designed by Alexander 

Craig which introduced in 1902.It consists of cylindrical rod 

running the length of cylinder bank with number of lobes 

which protruding from it. The relationship between rotation 

of camshaft and crankshaft is important. Since valves control 

the flow of air/fuel mixture intake and exhaust gases. They 

must be opened and closed at the appropriate time during the 

stroke of the piston. Material used to manufacture is chilled 

cast iron grade 17 which consists 1% Chrome and cast in 

foundary. Chilled iron camshafts have good wear resistance 

since the chilling process hardens them. The billet steel also 

use to manufacture camshaft when low volume production. 

Engine builders and camshaft manufacturers choose steel 

billet. This process is must time consuming and expansive 

than other methods. 

 Types of Cams: (i) Plate cam (ii) Face cam (iii) Heart 

shaped cam (iv) Snail drop cam (v) Linear cam 

 Types of followers: (i) Knife edge follower (ii) Roller 

follower (iii) Flat plate follower (iv) Spherical follower 

II. HISTORICAL PERSPECTIVE - EARLY STEPS 

S. G. Thorat, Nitesh Dubey, Arvind Shinde, Pushkar 

Fulpagare, Manish Suryavanshi (15th June 2014) [1] They 

analysed the camshaft condition by using FEM(Finite 

Element Method)  and objective is to design a camshaft 

analytically & analyse the stress distribution in static 

condition of camshaft. They simulate and modelled camshaft 

by using PRO-E/WILDFIRE. Modal analysis of existing 

camshaft is carried out. As per analytical solution deflection 

of camshaft was 5.985*10-4 mm. for analysis they used 

ANSYS software. Neeraj Saraswat, Dr. P. S. Chahuan, Juber 

Hussain (May – 2017) [2] from this research, researchers 

focus on the found that analysis of stress and deflection is 

important at high speed and heavy load conditions. They had 

taken four  element sizes 0.05m, 0.01m, 0.005m and 0.001m 

have   been considered to  analyze their effect on the number 

of nodes and elements and found that number of nodes and 

elements increases with deduction of element size. They 

conclude that the FEA (Finite Element Analysis) method 

gives accurate result during analysis of camshaft assembly 

due to using meshing method. Vulleru Swamulu, N.Siva 

Nagaraju, Teege Srinivas (Aug-2015) [3] In this research 

paper, theoretical calculations carry out to design the cam 

profile. Material optimization has been carried out using three 

materials cast iron, forged steel and aluminum 360. 

According to the results obtained from the analysis aluminum 

360 (special grade for casting automotive parts) is the best 

choice for camshaft manufacturing. Pilla Venkata Ravi, SK 

Hidayatulla Sharief (June-2017) [4] In this paper, stress and 

displacement are calculated at inlet and outlet of cam. They 

had taken two materials nickel chromium molybdenum steel 

and grey cast iron. From the results, they observed that nickel 

chromium molybdenum steel is best suitable material. 

Dheeraj Makheeja (Jul.-Aug. 2015) [5] this research on the 

six stroke diesel engine. The one compression and one power 

strokes are added to cycle which make high to the thermal 

efficiency and decrease the fuel consumption. Reduction in 

fuel consumption and pollution without any effect on the 

performance in automobile. Only with the help of current 

technology progress it within reasonable time and financial 

limits. Siddharth Shukla, Mohd. Salman Alimi (Nov.-Dec. 

2015) [6] Reducing fuel consumption and pollution without 

any effect on performance will reassessed the concept of 

automobile. Only improvements of the current technology 

can help it progress within reasonable time and financial 

limits. Its adoption by the automobile industry would have a 

good impact on the environment and world economy. Kiran 

P. (2013) [7] has been investigated that, modification of gear 

ratio between camshaft to modified camshaft. By utilize of 

waste heat of IC engine, demand on fossil fuel reserves would 

be reduced has been investigate thermodynamic. Siva ganesh 

L.K, Dr.J.D.Sarcar (Sep. – Oct. 2015) [8] This research done 

on hybrid vehicle using six stroke engine to compare 

performance with hybrid cruise which use electric motor. 

This arrangement of six stroke engine Superior for the 

atmosphere and fuel resourceful. Hybrid vehicle used 

multipart dual coercion that make it high maintenance cost 

and not all employees qualified to work on hybrid vehicle. 

Krunal C. Gohil, prof.K.V.Dave, prof.K.R.Gawande (May- 

2015) [9] this researchers focus their research paper on waste 

energy during exhaust stroke of cycle. In which, the basic 

modification of four stroke engine in six stroke engine to 
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increase brake thermal efficiency  by modified  some 

component of the four stroke engine into six stroke engine , 

reduction in pollution  and for better scavenging is occurs. M. 

M. Gasim, L. G. Chui, K. A. Bin Anwar (May - 2012)[10] In 

this research paper, the modification of gear ratio between 

crankshaft and camshaft and also done the modification of 

camshaft. By this research, they had proven that the six stroke 

engine can work by using conventional mechanical valve 

system and conventional engine starter which replacing to 

solenoid valves and DC-motor to start the engine as per 

previous efforts done on six stroke engine. 

III. LITERATURE SURVEY 

A new concepts of IC engine in which has been inspected 

performed practical on six-stroke IC engine and also 

performed practical on camshafts. Analysis done by using 

different materials and analyzed suitable material and other 

parameters as per their research requirements and new 

concepts. In Six-Stroke IC engine, they had taken different 

method to deduct the demand of fuel consumption and 

emissions as well as pollution in atmosphere. 

 
Fig. 1: Solid Model of Camsaft [was] 

 
Fig. 2: Solid Model of Modified Camshaft) 

As shown in above both figure, there are in modified 

camshaft, we had used double lobed mechanism for valve 

timing. 

 

 
Fig. 3: Structural Model of Modified Camshaft 

 
Fig. 4: Mesh Model of Single Cylinder Camshaft 

 
Fig. 5: Boundary Conditions Applied on Camshaft 

A. For Material Aluminum 360 (Aluminum Alloy 

Various modes taken and frequency had been varied as 

change in mode as given in below figures for Aluminum 360 

 
Fig. 6: Mode 1 
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Fig. 7: Mode 2 

 
Fig. 8: Mode 3 

No. Name of Modes Frequency (Hz) 

1 Mode 1 
7296.3 

 

2 Mode 2 11527 

3 Mode 3 14798 

Table 1: Magnitude of Natural Frequency for the Various 

Modes for Aluminum 360 

B. For Material Grey Cast Iron 

Various modes taken and frequency had been varied as 

change in mode as given in below figures for Grey Cast Iron. 

 
Fig. 9: Mode 1 

 
Fig. 10: Mode 2 

 

 
Fig. 11: Mode 3 

No. Name of Modes Frequency(Hz) 

1 Mode 1 5590.4 

2 Mode 2 9067.7 

3 Mode 3 11506 

Table 2: Magnitude of Natural Frequency for the Various 

Modes for Grey Cast Iron 

IV. CONCLUSION 

In this dissertation work, from the above analysis we got the 

analysis of Aluminum 360 and Grey Cast Iron material for 

camshaft, natural frequency magnitude of Grey Cast Iron is 

less than magnitude of Aluminum 360. Hence as a result the 

Grey Cast Iron is safe than the Aluminum 360. This is as 

given below in table below: 

No

. 

Name of 

Material 

Frequen

cy (Hz) 

Mode -1 

Frequency(

Hz) 

Mode -2 

Frequency(

Hz) 

Mode -3 

1 

Aluminu

m 360 

(Aluminu

m Alloy) 

7296.3 11527 14798 

2 
Grey 

Cast Iron 
5590.4 9067.7 11506 

Table 3: Comparison of Analysis Results of Frequency for 

Camshaft with Different Materials 

REFERENCES 

[1] Design & Analysis of Camshaft By S. G. Thorat, Nitesh 

Dubey, Arvind Shinde, Pushkar Fulpagare, Manish 

Suryavanshi, Proceedings of 11th IRF International 

Conference, 15th June-2014, Pune, India, ISBN: 978-93-

84209-27-8 

[2] Finite Element Analysis of Nodular Cast Iron Camshaft 

By Neeraj Saraswat, Dr. P. S. Chauhan, Juber Hussain 

International Journal of Engineering Research & 

Technology (IJERT), ISSN: 2278-0181,Vol. 6 Issue 05, 

May – 2017 

[3] Design And Analysis Of Cam Shaft For Multi Cylinder 

Engine , By Vulleru Swamulu, N.Siva Nagaraju, Teege 

Srinivas, International Research Journal of Engineering 

and Technology , ISSN: 2395 -0056, Volume: 02 Issue: 

05,Aug-2015 

[4] Modelling and Structural Analysis of Camshaft of 

Locomotives By Pilla Venkata Ravi, SK Hidayatulla 

Sharief, International Journal & Magazine of 

Engineering, Technology, Management and research, 

ISSN No: 2348-4845, Page: 76-85,June-2017 



Design & Analysis of Camshaft in Six-stroke Internal Combustion Engine 

 (IJSRD/Vol. 6/Issue 03/2018/073) 

 

 All rights reserved by www.ijsrd.com 297 

[5] A Review: Six Stroke Internal Combustion Engine By 

Dheeraj Makheeja, IOSR Journal of Mechanical and 

Civil Engineering (IOSR-JMCE) e-ISSN: 2278-1684,p-

ISSN: 2320-334X, Volume 12, Issue 4 Ver. III (Jul. - 

Aug. 2015), PP 07-11 

[6] Analysis and Review of Six Stroke Internal Combustion 

Engine by Siddharth Shukla, Mohd. Salman Alimi, IOSR 

Journal of Mechanical and Civil Engineering (IOSR-

JMCE) e-ISSN: 2278-1684,p-ISSN: 2320-334X, 

Volume 12, Issue 6 Ver. V (Nov. - Dec. 2015), PP 83-88 

[7] A Feasibility Study on Waste Heat Recovery in Six 

Stroke IC Engine By Kiran P International Journal on 

Mechanical Engineering and Robotics (IJMER), ISSN: 

2321-5747, Volume-1, Issue-1, 2013 

[8] Performance of Six Stroke Engine in a Hybrid Vehicle 

By Siva ganesh L.K, Dr.J.D.Sarcar, SSRG International 

Journal of Thermal Engineering (SSRG-IJTE) volume 1 

Issue5 September to October 2015 

[9] A Review-A Feasibility Study of Six Stroke Engine by 

Analysis through Available Research Design By Krunal 

C. Gohil, prof.K.V.Dave, prof.K.R.Gawande, 

International Journal of Engineering Trends and 

Technology (IJETT) – Volume23 Number 2- May 2015 

[10] SIX STROKE ENGINE ARRANGEMENT By M. M. 

Gasim, L. G. Chui, K. A. Bin Anwar, 15th International 

Conference on Applied Mechanics and Mechanical 

Engineering , May -2012,Pg. No: 175-18 


