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Abstract— Internal combustion engine valves are precision 

engine components. The valve should be optimally designed 

so as to avoid an abnormal valve movement, such as valve 

jumping or bounce up to the maximum engine speed. There 

are different types of valves used by the manufactures; some 

common types of valves being poppet valves, slide valves, 

rotary valves and sleeve valve. This work considered the 

stress induced in a valve due to high pressure inside the 

combustion chamber, spring force and cam force for the 

optimization of fillet radius of inlet valve. For modelling 

CATIA V5 R21 is to be used and to analyze the valve ANSYS 

14.0 is used as the tool. Static Structural analysis are to be 

performed on the different valve materials and on the 

different fillet radius of the inlet valve. A static analysis 

calculates the effect of steady loading condition on a 

structure. 
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I. INTRODUCTION 

Internal combustion engine valves are precision engine 

components. The valve train system is one in all the most 

important components of burning engine that controls the 

quantity of air-fuel mixture to be drawn into the cylinder and 

exhaust gas to be discharged. The recent charge (air - fuel 

mixture in Spark Ignition Engines and air alone in 

Compression Ignition Engines) is evoked through water 

valves and therefore the product of combustion get 

discharged to atmosphere through exhaust valves. This seals 

the operating area within the cylinder against the manifolds. 

So style of valve carry profiles and valve train parts is most 

vital for the engine performance. Therefore valve train system 

ought to be optimally designed therefore on avoid Associate 

in Nursing abnormal valve movement, such as valve jumping 

or bounce up to the maximum engine speed. There area unit 

differing types of valves employed by the manufactures; 

some common varieties of valves being valve valves, slide 

valves, rotary valves and sleeve valve. The basic 

nomenclature used for valves is as shown in Fig. 

 
Fig. 1: Engine valve mechanism 

II. LITERATURE SURVEY 

A. Yuvraj K Lavhale  

“Overview of Failure Trend of Inlet & Exhaust Valve” In this 

review it is observed that valve failures occur due to 

mechanical fatigue, thermal fatigue, thermo mechanical 

fatigue which is due to cyclic load, cyclic stresses. Fatigue 

failure occurs at stresses that are well below the yield point of 

the material. 

B. Sanoj T. has performed  

“Thermo Mechanical Analysis of Engine Valve with different 

material. In this review it is observed that the for both valve 

materials, it has been concluded that the displacement value 

for Nimonic105A is very less than the values of other 

material for the same thermal and structural loads. 

C. Snehal S.Gawale1, Dr.S.N.Shelke2  

Design of Stationary IC Engine’s Exhaust Valve and 

Optimization Based on Finite Element Analysis In this work, 

stress concentration on valve can be further reduced using 

suitable filet radius through optimization based on finite 

element analysis and experimental validation on UTM to 

increase working life of exhaust valve. Design of valve is 

done based on given specifications with study of valves and 

its failure modes. 

D. Goli Udaya Kumar has discussed  

“Failure Analysis of Internal Combustion Engine Valves by 

using ANSYS“ Analysis is done with two conditions as 

valve, valve  with seat  and  fin segments by varying two 

materials. Two different valve materials used – Aluminum 

and Magnesium alloy Coupled field analysis (combined 

analysis of static and thermal) is done on valve, valve with 

seat and fin segments by varying two materials. Fatigue 

analysis is done on valve for life calculation on ANSYS. The 

outcome of literature survey is Studied various materials used 

for valve design, Forces acting modes of failure studied 

several of IC engine valves, Got idea about on valve i.e. Cam 

pressure, spring force and engine pressure. 

E. A. S. More has discussed Analysis of Valve Mechanism 

A Review In this review it is observed that dynamic model of 

valve train mechanism developed by using software can be 

used for the dynamic analysis of a valve train for the different 

camshaft speeds. The dynamic behaviour of the system is 

mainly induced by the cam profile with its specific 

displacements and acceleration. 

III. METHODOLOGY & DESIGN CALCULATION 

1) Literature Study 

2) Analytical Method 

3) Finite Element Method (Static Structural Analysis) 

4) Experimental Method 
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A. Design of Intake Valve for Following Specifications: 

4-Stroke CI engine- 

Allowable Stress 55N/mm2 (Carbon Steel), Valve Seat Angle 

- 450, 

Gas Velocity – 2400 m/min    Mean Piston Speed - 250 

m/min, 

Max. Gas Pressure 5.5N/mm2, Cylinder Bore Diameter - 100 

mm, 

Stroke: 120 m ; Engine speed - 1000 rpm Intake valve 

Temperature is 8000C. 

Length = 10 cm  

B. Forces on the Valve are due to: 

1) Force due to gas pressure on the valve, when it opens.  

FG 

2) The inertia force, when the valve moves up.  FA 

3) The initial spring force to hold the valve in its seat against 

the suction or negative pressure inside the cylinder.  FI 

FG = π/4 d22 pc 

Where,  

  FG = Gas Force when the valve opens 

d2 = Valve head diameter, mm 

 pc = Cylinder pressure when exhaust valve opens, MPa = 0.5 

MPa 

FA= mass x acceleration  

Where, 

Mass = Valve mass, kg 

Acceleration = π2ω2 h / 2 ϴL
2 

ω = Cam Shaft Speed, rad/sec 

ϴL =Angle of lift, rad 

Cam Shaft Speed = ½ Crank Shaft speed    (4 stroke engine) 

                             = ½ * 1000*2π/60  

                             = 52.36 rad/sec 

               ϴL = ½ ϴcam   = 1.272 rad 

            Valve lift = 11.42 mm 

          Acceleration = π2ω2 h / 2 ϴL
2 

                              = π2 * 52.362 * 11.42 x10-3 / 2 ϴL
2 

                               = 95.40 m/s2 

     Acceleration = Valve acceleration, m/s2 = 95.40 m/s2 

          FI = π/4 d2
2 ps 

   Where,  

    FI = Initial Spring force 

    ps = Maximum Suction pressure, MPa = 0.024 MPa below 

atmosphere 

    FT = FG + FA + FI 

    FT = Total Force on valve face, N 

1) FG=  π/4 d2
2 pc 

                              = π/4 (38.37)2 0.5 

                              = 588.14 N 

2) FA = mass x acceleration 

                              = 0.15 x 95.40 

                      = 14.31 N 

3) FI = π/4 d2
2 ps 

                             = π/4 (38.37)2 0.024 

                             = 27.75 N 

Hence, Total Force acting on Valve is, 

FT = FG + FA + FI 

                    = 588.14 + 14.31 + 27.75  

                    = 630.2 N 

 

C. Existing Valve Drawing: 

 
Fig. 2: Valve Drawing 

D. Existing Valve Modelling 

 
Fig. 3: CAD Model of valve – Isometric view 

 
Fig. 4: CAD Model of valve in Carbon Steel Material 

 
Fig. 5: Elastic Strain 
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Fig. 6: Maximum Principal Stress 

E. Modelling and Analysis with Different Fillet Radius 

Result 

Trial 
Radius, 

mm 

Elastic 

Strain, 

mm/mm 

Von 

Mises 

Stress, 

MPa 

Stress 

Intensity, 

MPa 

Maximum 

Principal 

Stress, 

MPa 

0 0 0.00178 346.85 358.18 110.02 

1 1.5 0.00166 330.19 354.1 80.418 

2 3.0 0.00138 274.96 286.82 68.838 

3 4.5 0.00128 255.42 264.25 60.834 

4 6.0 0.00122 244.75 251.98 51.775 

5 7.5 0.00115 230.14 237.17 42.279 

6 9.0 0.00107 214.37 219.37 35.067 

7 10.5 0.00098 195.83 199.29 30.747 

8 12.0 0.000901 179.93 182.43 29.061 

Table.1 Fillet Radius used for optimization 

 From the above results it can be seen that till 6.0 mm 

fillet radius stresses generated are higher than proposed 

material allowable stresses and hence can’t be consider. 

 Due to valve seat arrangement and size restriction 

maximum radius we can afford to select is 9 mm, and hence 

fillet radius for further work is 9 mm. 

IV. MATERIAL OPTIMIZATION: 

Materials to be tested for selected valve radius model (9mm 

radius): 

1) SUPER ALLOY 21-2N VALVE STEEL (UNS K63017) 

σall = 480/2.2 = 218.18  MPa 

2) Weight:155gm 

2.AISI 1541 Carbon Steel σall = 450/2.2 = 204.55 Mpa 

Weight:180gm 

Material 

Elastic 

Strain, 

mm/mm 

Von 

Mises 

Stress, 

MPa 

Stress 

Intensity, 

Mpa 

Maximum 

Principal 

Stress, 

Mpa 

Weight, 

gm 

Plain 

Carbon 

Steel 

0.00107 214.37 219.37 35.067 150 

21-2N 0.00102 204.48 209.25 33.14 155 

AISI 

1541 
0.00105 211.07 216 34.528 180 

Table 2: Results based on valve Material 

 From the above result it can be seen that Material 

21-2N gives us better result without failure 

V. CONCLUSION 

Valve radius fillet plays important role in valve failure and 

should be carefully selected. 

 The results we got for valve radius are showing good 

improvement compare to allowable stresses. 

 Valve with fillet radius 9.0 mm shows safe results and is 

selected for further work. 

 Material 21-2N shows less stress (3.8 %) and weight 

(13.89 %) compare to AISI 1541 and hence finally 

suggested for Valve improvement. 
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