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Abstract— Engine is the heart of automobiles and valve 

mechanism is the heart of engine. There are two types of the 

valves which are intake valve and exhaust valve. Intake and 

exhaust valves are very important engine components that 

are used to control the flow of intake fresh charge and 

Exhaust flue gases alternatively in Engine. They are used to 

seal the working space inside cylinder against the manifold 

and they open and close by means of what is known as the 

Valve gear mechanism. The aim of this project is to design 

an exhaust valve with a suitable composite material for a 

diesel engine by using analysis. From this analysis, the 

thermal and structural analysis will carry for exhaust valve 

and from this analysis the stress distribution, strain and total 

deformation values will be determine for the composite 

material. After that the experimental analysis will carry for 

suitable composite material for exhaust valves. 
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I. INTRODUCTION 

Intake and exhaust valves are very important engine 

components that are used to control the flow and exchange 

of gases in internal combustion engines. They are used to 

seal the working space inside the cylinder against the 

manifolds and are opened and closed by means of what is 

known as the valve train mechanism. Internal combustion 

engine valves are precision engine components. They open 

and close as and when needed. The fresh charge (air - fuel 

mixture in Spark Ignition Engines and air alone in 

Compression Ignition Engines) is induced through inlet 

valves and the products of combustion get discharged to 

atmosphere through exhaust valves. There are composite 

types of valves used by the manufactures; some common 

types of valves being poppet valves, slide valves, rotary 

valves and sleeve valve. Any type of valve failure affects the 

engine performance thus making it mandatory to give due 

importance to temperature and stress analysis of IC valves. 

 

II. EXISTING SYSTEM 

Therefore at high temperature the clearance between valves 

stem and valve guide decreases due to thermal expansion, 

which results in high wear of the valve stem and the guide. 

The superimposed rocking motion in addition to the sliding 

of the engine valve causes high wear at the ends of the valve 

guide called “bell-mouthing”, generally more pronounced in 

the rocker arm actuation mechanism. These problems call 

for a high wear resistant material with low coefficient of 

thermal expansion and engine valve guides based on the Al-

SiC composites are expected to provide a better solution.  In 

existing valve, steel and nickel alloys used for poppet valve. 

Heat generation will be more during power stroke in the 

combustion chamber. So it is essential that the material of 

poppet valve has to withstand the high temperature. Valve 

burn (overheating) is another major problem. It causes 

excessive valve wear and defective sealing, as well as 

engine knocking. Existing materials: SUH 1 steel, Alumina 

composite, Carbon-Silicon carbide Issue of sustainability, 

stability, durability and reliability of present material for 

engine guide valve at high temperature about 600˚C to 

1000˚C under very high pressure about 10 mpa - 100 mpa. 

At the moment the engine valve guides are made of iron-

based materials, which result in a true amount of problems 

within an automotive engine during cold start condition the 

viscosity of oil is high and also sufficient lubricant is not 

available therefore high wear of the valve stem/valve guide 

takes place. In the adverse conditions the valve may jam in 

the guide. During running condition of the engine the 

temperature of the valve stem and valve guide increases to 

about 500˚C 

 
Fig. 1: Existing exhaust valve assembly 

II. PROPOSED MODEL 

There are many different types of the material what we can 

use as the exhaust valve material. These materials are EN9, 

EN52, Aluminum alloys, Nimonic80A, EN54, EN59, 21-

4N, Inconel 751 etc. According to it the best material for the 

exhaust valve has high corrosion resistance, high fatigue 

strength, high oxidation resistance, high creep strength, high 

creep strength etc. out of them EN59 is recently not 

available.EN54 is expensive to manufacture because of high 

Nickel contents. Nimonic 80A has good corrosion resistance 

but its operating temperature range is up to 720 to 750oC. 

21-4N can retain the hardness up to temperature of 900oC. It 

has good creep and impact strength. High temperature is one 

of the biggest causes of failure of exhaust valve. Exhaust 

valves operate at very high temperatures and subjected to 

cyclic loading, the failure of the conical surface of valve is 

mainly caused by the elastic and plastic deformation, and 

fatigue. Exhaust valve stem generally fail by overheating 

because the temperature of the exhaust valve is about 720 ºC 

. Past research and experiences had indicated that during the 

operation of the internal combustion engine, the maximum 

stress concentration is developed at the junction area of 

valve stem and valve head .Current problems that are found 

in 10HP are the objectives of this research which failure of 

valve head happens due to large Hoop Stress sudden failure 

and fatigue cracks produce due to improper distribution of 
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thermal and mechanical load on the valve face. Stem of 

valve damages due to the higher tension and compression 

load on it at top and bottom end of the valve. Fatigue due to 

high temperature failure of valve due to erosion and 

corrosion. Design modification & change in material. 

III. DESIGN CALCULATION 

A. Dimensions 

1) Bore x Stroke (D X L) = 120 x 125 (mm),  

2) Valve seat angle = 450  

3) Gas Velocity, vg = 2100m/min  

4) Length of stem = 10.5 cm,  

5) Engine speed, Ns = 1150 rpm,   

6) Max. Gas Pressure, P max = 6.0 N/mm2   

7) Mean Piston Speed, N = 275 m/min,  

8) Exhaust valve Temperature, T= 7500C 

9) Allowable stress σ = 57.5 Mpa  

10) K1 = 0.42 1.Port diameter (d1)  

d1 = D√N/v 

d1= 43.42 mm 

B. Valve lift (h) = 0.25 d1 cos∝ 

h = 15.35 mm 

C.  Port area (a)                              

𝑎 = 𝜋𝑟2 

a=1480.70 mm2 

D. Thickness of valve disc (t)   

t =   K1d1𝑃𝑚𝑎𝑥 𝜎 

t =5.89mm 

E. Valve head diameter d2                            

d2 = d1+2[t sin (90-α)] 

d2 = 51.74mm 

F. Dia of valve head opening (d3)                         

d3 = √ (d12+d22) 

d3 = 67.55mm 

G. Width of seating (w)                            

w = 0.5 (d2-d1)  = 4.16mm 

IV. STRUCTURAL ANALYSIS 

 
Fig. 2: 2D design 

 
Fig. 3: ANSYS meshing model 

 
Fig. 4: Thermal loading conditions 

 
Fig. 5: Alumina total heat flux analysis 

 
Fig. 6: Alumina directional heat flux analysis 
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Fig. 7: Alumina thermal error analsysis 

 
Fig. 8: SUH steel total heat flux analysis 

 
Fig. 9: SUH steel directional heat flux analysis 

 
Figure : 10 SUH steel thermal error analysis 

 
Fig. 11: Alumina+ carbon total heat flux analysis 

Fig. 12: Alumina + carbon directional heat flux analysis 

 
Fig. 13: Alumina+ carbon thermal error analysis 

 
Fig. 14: Analysis results 
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V. EXPERIMENTAL MODEL 

 
Fig. 15: Casted composite exhaust valve 

VI. CONCLUSION 

In this study provides a conceptual framework for better 

understanding on the finite-element simulation of material 

behavior of inlet and exhaust valves in internal combustion 

engine. As per the experimental analysis the exhaust valve 

directional heat flux , total heat flux, thermal error is 

perfectly better compared to other compositions. As per the 

C.I. engine specifications and dimensions the manual design 

calculation of the exhaust valve done based on Aluminium 

&Carbon materials and the design obtained as a safe design 

for the cylinder. After that the 3D model of exhaust valve 

created in Solid works as per the calculated dimensions by 

manual design calculations. On the basis of design and 

analysis conclusions imply that: The Von mises Stress is 

concentrated on the Keeper’s groove and the slot in the face 

of exhaust valve.  The temperature at the valve face and 

head at its highest causes failures most at all. The 

temperature gradient is highest at valve seat means change 

in temperature W.R.T distance is at highest 
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