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Abstract — The design ensures that the stud and 

pushrod holes on the cylinder head are present, are 

properly aligned as well as checks whether these 

holes are of proper diameter or not before it 

undergoes further process. The design decreases 

human work, increases efficiency and precision thus 

decreases the probability it will cause problem while 

engine assembly. The design was tested on some 

cylinder head and the probability of error came to 

an almost zero. Analysis of this machine fetched the 

result that even in case of failure i.e. the holes on 

face of head are not perfect there will be no major 

damages on any part. 
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I. INTRODUCTION  

Cylinder Head 

In an internal combustion engine, the cylinder 

head sits above the cylinders on top of the cylinder 

block. It closes in the top of the cylinder, forming 

the combustion chamber. This joint is sealed by a 

head gasket. In most engines, the head also provides 

space for the passages that feed air and fuel to the 

cylinder, and that allow the exhaust to escape. The 

head can also be a place to mount the valves, spark 

plugs, and fuel injectors. [1] 

 

 
  

Fig 1.1 View of Engine comprising of Head, 

Gasket and Block 

Poka-Yoke 

Poka-yoke is a Japanese term that means 

"mistake-proofing" or “inadvertent error prevention”. 

The key word in the second translation, often 

omitted, is "inadvertent". There is no Poka Yoke 

solution that protects against an operator’s sabotage, 

but sabotage is a rare behavior among people. A 

poka-yoke is any mechanism in a lean 

manufacturing process that helps an equipment 

operator avoid (yokeru) mistakes (poka). Its purpose 

is to eliminate product defects by preventing, 

correcting, or drawing attention to human errors as 

they occur. The concept was formalized, and the 

term adopted, by Shigeo Shingo as part of the 

Toyota Production System. 

 

II. METHODOLOGY 

The design includes cylinder head and sectioned 

cylinder block with protrusions in form of studs. 

After the designs a scrape cylinder block was taken 

and sectioned accordingly. Then studs of correct 

measurement were taken and welded in position of 

studs so as to get a correct position of where the 

studs are on the head. This block was then connected 

with a pneumatic cylinder for up and down motion 

of the block.[12] After the manufacturing the 

machine was tested on some heads and the 

probability of error decreased to an almost zero. The 

analysis was done in HyperWorks. The analysis was 

done in case of failure for different value of loads 

which would act upon the pins if the holes on the 

face of cylinder head are not perfect because of 

manufacturing defects and the pins hit the face of the 

head. 

 

 
Fig. 1  Final Assembly of Poka-Yoke  
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III. STATIC ANALYSIS USING FINITE ELEMENT 

METHOD 

The finite element method is a numerical method 

for solving problems of engineering and 

mathematical physics. Typical problem areas of 

interest in engineering and mathematical physics that 

are solvable by use of the finite element method 

include structural analysis, heat transfer, fluid flow, 

mass transport and electromagnetic potential. 

 

Analysis was done in Optistruct solver of 

HyperWorks 13.0. Firstly modelling was done in 

CreO 2.0 and then imported to HyperWorks. After 

meshing of the component different loads were 

applied to check the displacement and the elemental 

stress values. 

 

3.1 Loading and Boundary Conditions 

Component is modelled in CreO 2.0. The 

sectioned block has following dimensions, thickness 

= 20mm, length of studs = 100mm, stroke of 

pneumatic cylinder = 250mm, bore of pneumatic 

cylinder = 75mm, diameter of stud holes = 12mm 

and no. of studs = 17. 

 

Load is varied as 300N, 500N, 850N, 1000N, 

1250NN and 1500N. 

 

The material properties are: 

 

Material Cast Iron 

Modulus of Elasticity 1.20*10
5
 N/mm

2
 

Poisson’s Ratio 0.28 

Density 7.2*10
-9 

tonne/mm
3
 

Yield Strength 85 N/mm
2
 

 Table 3.1 Material Properties of Cast Iron 

 
Fig 3.1 HyperWorks Model of Sectioned Block 

with Studs and Pneumatic Cylinder 

 

 

 

 
Fig 3.2 Creo drawing of Cylinder Block with 

Protrusions in form of Studs 

 

Force (N) Displacement 

(mm) 

Elemental 

Stress (N/mm
2
) 

300 2.27*10
-2

 1.41 

500 3.79*10
-2

 2.36 

850 6.44*10
-2

 4.01 

1000 7.585*10
-2

 4.727 

1250 9.481*10
-2

 5.909 

1500 10.38*10
-2

 7.09 

Table 3.2 HyperWorks value of Load Distribution 

 

 
Fig 3.3 Displacement at 500N 

 

 
Fig 3.4 Elemental Stress at 500N 
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Fig 3.5 Displacement at 1000N 

 

 
Fig 3.6 Elemental Stress at 1000N 

 
Fig 3.7 Displacement at 1500N 

 

 
Fig 3.8 Elemental Stress at 1500N 

 

 
Fig 3.5 Load vs Displacement 

 

 
Fig 3.6 Load vs Eleemntal Stress 

 

IV. CONCLUSION 

The design checks the alignment, or presence and 

dimensions of stud and push rod holes. Analysis 

work was necessary for this machine as in case of 
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failure no part should be damaged. For a maximum 

load of 1500N it is found that elemental stress is 

7.09 N/mm
 2 

while for cast iron the yield strength is 

85 N/mm
2
. The value of stress generated is very less 

hence there will be no damages. For the varying 

values of load from 300N to 1500N the displacement 

was very less and the stress was under boundary 

conditions. Hence the design will not damage the 

cylinder head in case of manufacturing defects. 
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