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Abstract - The power required to drive an automobile is obtained by burning the fuel in the engine. This combustion process 
requires the mixture of air and fuel in proper quantity. This mixture is sent into the combustion chamber through the valves. 
They are valves present at both inlet and exhaust. The valve guides and valve seats are crucial for proper working of the 
valves. The valve guide serves to positively locate the valve so that it makes a proper contact with the valve seat. A valve 
guide is a cylindrical part pressed into the cylinder head, with the valve reciprocating in it. Guides serve also to conduct heat 
from the combustion process out from the exhaust value and into the cylinder head where it may be taken up by the cooling 
system. Manual pressing of valve guides into the engine led to several physical ergonomic problems like lack of safety, 
severe operator discomfort and difficulty of operation. It led to less production and improper seating of valve guide, resulting 
in variation of spec. The improper seating affects several factors like the valve timing, the combustion process inside the 
combustion chamber, the volumetric efficiency, ignition delay, etc. it leads to an increase amount of scrap and an increase of 
material cost. This machine is used to press 16 valve guides into the cylinder to the required depth and at uniform pressure 
without any manual assistance. The installation of automatic valve guide pressuring machine as led to the detection of cycle 
time and improvement in quality in the production of cylinder heads. The man power required to manually press the valve 
guide as also been eliminated thus resulting in cost savings. Engine cooling is also improved as the proper seating ensured 
that the valve guides should properly conduct the heat from the exhaust. The automation of kappa cylinder head valve guide 
groove detection system was done by us as a part of this automation process which detects and corrects the alignment of the 
valve guides. This eliminates manual loading thus improving the quality and reducing the scrap. 
 
Index terms - cylinder head, Automation, design, Valve, Groove detection system 
 
I. INTRODUCTION 
 
An engine or motor is a machine designed to 
convert heat energy into useful mechanical motion. 
Heat engines, internal combustion engines 
and external combustion engines (such as steam 
engines) burn a fuel to create heat, which then 
creates motion. Electric motors convert electrical 
energy into  mechanical motion,  pneumatic 
motors use compressed air and others such 
as clockwork motors  in wind-up toys use elastic 
energy. In biological systems, molecular motors, 
like myosin’s in muscles, use chemical energy to 
create motion. 
 
The Engine Plant 2 is 90% of automation and only 
10% of manual interruption. This section is divided 
into 7lines. A line consists of several machines one 
after the other to perform sequential operation in 
order to get the required finished product. 
Three components are manufactured in the engine 
assembly line. They are: 
 
1. Cylinder Block 
2. Cylinder Head 
3. Crank Shaft 
 
All machining processes are done simultaneously in 
their respective lines. Then the finished components 
are assembled in the assembly line. 

 
II. PROBLEM IDENTIFIED 
 
Any industry aims at increasing the quality of the 
product and in cost saving. In cylinder head line 
process, the part rejection occurs at various stages. 
This causes wastage of material which ultimately 
increases the cost. Each process was analyzed 
individually and part rejections were tabulated for 
each process. The total number of rejected parts was 
52 for a month In this, it was found that, the rejected 
parts were distributed in machine 10, 40, 60, 
70,100,130,150 and170.We could conclude from the 
graph that the number of parts rejected. The part 
rejection occurring in machine 100 is a critical 
problem that has arisen due to the change in design 
of the valve guide. To protect the environment from 
pollution, every country has set up a range of 
emission for NOx, CO2, and SO2 within which the 
emission from the cars should lie. Since the cylinder 
head is not manufactured in the plant and is bought 
from vendors, wrong insertion of the valve guide will 
cause rejection of the entire cylinder block and leads 
to an increase in the scrap rate which ultimately 
affects productivity. 
 
The valve guide feeding machine is used to feed the 
valve guide to engine cylinder head. The machine is 
designed in the way that it identifies the correct 
position of the valve guide and sends to conveyor. In 
the feeding machine there a sensor that senses the 
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tapered degree near grove part and identify the 
correct position of the guide and sent to conveyor. 
This was the oldest method that has been used. After 
changing the tapered degree near the grove the 
sensor cant able to sense the small tapered angle. So 
there was a lot of disturbance in feeding machine. 
They analyses many type of sensor and mechanical 
movement to get the correct position of the guide. 
Failure In Various Model Of Feeding Machine 
To reduce a manual work in the valve guide feeding 
machine a various methods has been used to identify 
the correct position of the valve guide. At first stage 
fiber optics sensor has been used to identify the 
correct position of the valve guide. It was failure 
because small angle of tapered can’t be identified so 
the process is failed. At the second stage a photo 
electric sensor has been used t identify but it also 
fail’s in identifying more number of value guide. The 
sensor should be replaced at particular time interval 
and it also a failure process.At the next stage they 
used an sensor called wenglor senor combined with 
the mechanical movement. After identification the 
sensor send the comment to circular plate and change 
the direction and sent the valve to conveyer. 
 

 
GO DIRECTION 

Problem In Valve Guide Feeding Machine 
 

 
NO GO DIRECTION 

Figure 1:Valve Guide Feeding Direction 
 
Defects When Valve Guide Positioned Wrong 
If the valve guide is in the wrong direction the valve 
guide pressing maching presses the valve guide in 
the wrong direction which leads to vigorous effect in 

the engine’s further assembly process. So there 
should be an immense care while feeding the valve 
guide in to the pressing machine to avoid a major 
descripensy in the process 
There are 16 valve guides that should be inserted in 
to the engine block (i-e) 8 valve guides for inlet and 
other 8 valve guides for outlet 
 
Some of the problems identified in assembly process 
after wrong loading of the valve guide are as follows 
  
 
1. Stem cell can’t be placed firmly 
2. Valve spring failure 
3. Cotter assembly failure and goes on  
4. Leakage problems and efficiency problems in the 
engine also occurs  
5. Whole set up failure  
 
These leads to man power loss, machining loss, 
material loss, power loss which occurs while 
reworking in the concerned wrongly loaded engine  
 
III. NEW SOLUTION TO RECTIFY THE 
PROBLEM IN MACHINE 
 
Vision Detection System 
In this type of detection system a master photo of 
valve guide in proper position is fed to the computer. 
When the valve guide comes from the bowl feeder, 
the vision detection system takes its picture and 
compares it with the master picture, if it is proper 
position, the process continues and the valve guide 
goes into the linear feeder. Else the position of the 
valve guide is changed either manually or using 
rotary mechanisms. 
 
Air Detection System 
The detection system sense the position of the valve 
guide by making use of the pressure difference 
created between the groove and the chamfer side. 
The pressure difference is sent as a feedback to the 
rotary table. With respect to the position of the valve 
guide, the rotary table will act. If it is in the correct 
position, it will directly allow the valve guide to the 
linear feeder.  
 
Rotary Index Table 
A rotary index table is a circular table that rotates in 
discrete intermittent steps to advance parts between 
stations located along its perimeter. Rotary index 
tables are used for the synchronous transfer of small 
parts from station to station in a single work center. 
Since each part moves between stations at the same 
time, it is difficult to put buffers between stations. 
After the detection by the air and vision system the 
feedback in sends to the rotary index table. If the 
position is wrong then the rotary table rotates 1800 
and then allows the valve guide to the linear feeder. 
Where it is arranges in a linear manner in a uniform 
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way and it feed to the indexing table where the valve 
guide is positioned in a sequential manner. 
 
IV. CONSTRUCTIONAL DETAILS 
 
Components Of Cylinder Head: 

1. Exhaust 
2. Valves 
3. Spark Plug And Injector Mount 
4. Camshaft 
5. Cvvt (Continuously Variable Valve Timing) 
6. Head Gasket 

Machine Components  
1. Hydraulic Cylinder 
2. Pneumatic Cylinder 

Parts Of Valve Guide Pressing Machine  
1. Hooper Feeder 
2. Bowl Feeder 
3. Linear Feeder 
4. Indexing Table 
5. Servo motors 

Parts Of Press Head  
The important parts of the press head are: 

1.     Head 
2.     Spindle 
3.     Hydraulic Cylinders 
4.      Servo Motors 

Parts Of Head Tilter 
The important parts of a head tilter are: 
1.     L-Arm 
2.     Clamp 
3.     Servo Motor 

 
V. WORKING 
 
1. Valve guide is feed into the vibrating hopper. 
2. Due the vibration  in the hopper the valve guide 

moves towards the bowel feeder 
3. Bowel feeder also vibrates  and arrange the 

valve guide in a sequential order 
4. The valve guide are moves to the linear feeder 
5. While moving to the linear feeder the valve 

guide are checked for the correct position by 
using  air and vision sensor 

6. The air sensor passes the air from the 
pneumatic cylinder to valve guide at both the 
side. And  check the correct go direction  

7. After passing to air sensor the guide moves 
towards the vision guide system. 

8. The valve guide is inspected by the vision 
inspection system and identifies the correct go 
direction. 

9. If no go direction is identified the vision sensor 
sends the feedback to the rotary mechanism and 
its turn the valve guide in the correct position 
and sent to linear feeder.     

10. The linear feeder sends the guide to indexing 
mechanism plate. 

11. From the indexing mechanism the guide is 
inserted to the servo mechanism by using small 
pneumatic piston. 

12. From the servo mechanism the valve guides are 
taken by the pressing tool and dipped in 
lubricating oil. 

13. Then the valve guide is pressed into the cylinder 
head. The head is tilted into some angle to insert 
the valve guide easily for the both inlet and 
exhaust valve. 

 
I. VI. DESIGN CALCULATION 

II.  
Data Known 
Pressure = 2 bar; Density of valve guide material = 
7.8 g/cm3;  
Compressive strength of V.G = 650 N/mm2. 
 
Cylinder 1 
Bore dia d1 = 20 mm 
Piston dia d2 = 7.5 mm 
Stroke (l) = 20 mm 
Force executed by the cylinder = Area × Pressure  
                                          = π/4 × (d12 – d22) * 0.2 
                                          = π/4 × (202 – 7.52) * 0.2 
                                          = 54 N 
Force valve guide can withstand: 
Compressive strength = Force / Area 
 Force                          = 650 × π (r1 – r2) × l 
                                    = 650 × π (9 – 4) × 5 
                                    = 51 kN   
Since the force withstand by the valve guide is 
higher than the force executed by the cylinder. Hence 
the valve guide is safe. 
 
Cylinder 2 
Bore dia d1 = 20 mm 
Piston dia d2 = 7.5 mm 
Stroke (l) = 20 mm 
Force executed by the cylinder = Area × Pressure  
                                          = π/4 × (d12 – d22) × 0.2 
                                          = π/4 × (202 – 7.52) × 0.2 
                                          = 54 N 
Dimensions of valve guide: 
Length = 46 mm 
Outer diameter = 9 mm 
Inner diameter= 4 mm 
Groove depth= 2 mm 
Taper angle = 20 
Material: 
Pearlite cast iron 
Weight of the valve guide 
Mass = density × volume 
          = 7.8 × 10-3 × π/4 × (d12 – d22) × l 
          = 7.8 × 10-3 × π/4 × (92 – 42) × 46  
          = 30 grams = 0.3N + 0.2N = 0.5N 
Here the force executed by the cylinder 2 is greater 
than the weight of the valve guide and hence the 
valve guide is pulled by the cylinder.  
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Cylinder 3 
Bore dia d1 = 20 mm 
Piston dia d2 = 5 mm 
Stroke (l) = 65 mm 
Force executed by the cylinder = Area × Pressure  
                                           = π/4 × (d12 – d22) × 0.2 
                                           = π/4 × (202 – 52) × 0.2 
                                           = 59 N 
            The force executed by the piston is higher 
than the weight of the valve guide so it pushes the 
valve guide with ease. 
 
Design for valves 
Valve diameter = 60mm, Pressure = 4 Mpa, safe 
stress = 46 Mpa, k = 0.2, ϑ = 30° 
To find: Thickness of the valve head, (t) 
Stem diameter, (d) ; Max lift of the valve, (h) 
Solution 
 We know the thickness of the valve head, 

                   t = k × d ×  

                   t = 0.42 × 60 ×   = 7.43 say 7.5 mm 

we know the stem diameter, 
t =  + 6.35  =  + 6.35 = 13.85 say 14 mm 
we know that maximum lift of the valve , 
               h = 

 
 = 

 °
 = 17.32  say 17.4 mm 

 
Design For Valve Spring 
               W  = initial spring force (f )  = 96.6 N 
        Load st full lift 
         W  = full valve lift × stiffness of spring (s) = 25 
× 10 = 250 N 
Therefore total load on the spring, 
               W = W + W  = 96.6 + 250 = 346.6 N 
 
Mean diameter of spring coil  
     D = mean diameter of the spring coil 
     D  = diameter of the spring wire 
Wkt, Wahl’s stress factor, 
          K = + .   =  ×

×
+ .  = 1.1814 

Max shear stress (τ), 
           τ = K ×  = 1.1814 × × . ×    

        420 =      

 d  =         
 d = 19.9       
 d = 4.46 mm 
 
Mean diameter of the spring coil, 
                  D =  C × d = 8 × 4.47 = 35.76 mm 
Outer diameter of the spring coil, 
                  D   = D + d = 35.76 + 4.47 = 40.23 mm 
Number of turns of the coil 
 Let  n = number of active turns of the coil. 
Wkt, max compression of the spring, since stiffness 
(s) =  = 10 

  δ =    

   =          

   = × ×
× × .

        n = 9.17 
n = 10 
for squared and ground ends, the total number of the 
turns, 
 n = n + 2 = 10 + 2 = 12 
 
Free Length Of The Spring 
 Since the compression produced under W  = 250 N 
is 25 mm ( i.e equal to full valve lift), therefore, max 
compression produced (δ ) under the maximum 
load of W = 346.6 N is                  
                    δ  = × 346.6 = 34.66 mm 
 
We know that the free length of the spring, 
             L  = n d + δ  + 0.15 δ  
                  = (12 × 4.47) + 34.66 + (0.15 × 34.66) 
             L  = 93.5 mm 
 
Pitch of the Coil 
             Wkt, 
                      Pitch of the coil =  = .  = 8.5 
mm 
The pitch of the coil is found to be 8.5mm. 
 
Figure 2: 3-D View Of Valve Guide Pressing 
System 

 
Figure 2: 3-D View Of Valve Guide Pressing System 

 
Figure 3: View Of New Valve Guide Feeding System 
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CONCLUSION 
  
BEFORE: 
No detection for cylinder head valve guide groove 
direction. Manual loading of valve guide done in 
valve guide pressing stage .Possibility of not 
assembling the valve guide in wrong direction. No 
alert for operator if valve guide is assembled in 
wrong direction.  
AFTER: 
Automatic valve guide groove detection system 
introduced through air sensor & vision system. Auto 
loading of valve guide done in v/g pressing m/c. 
Checking system interfaced with conveyor if valve 
guide loaded in wrong direction. Alert for operator if 
valve guide not assembled. One man power/day used 
for manual feeding. 
 
The improved results in the valve guide pressing 
machine can be witnessed with the help of the above 
information. By comparing the two columns, we can 
see the benefits that we can achieve with the help of 
the new method implemented. Since this new method 
eliminates the wrong insertion of valve guide, the 
cycle time for the process is reduced, part rejection 

can be minimized, efficiency can be improved, 
quality of the product can be enhanced and hence the 
productivity of the company is improved. Thus by 
implementing this new air sensor groove detection 
method we can accomplish our objectives in an 
economic and efficient way. 
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