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ABSTRACT

In HVAC systems of automotive 
vehicles the pistons of compressor is 
actuated by the swash plate mechanism. 
Swash plate mechanism was invented to 
replace crankshaft, and is one of the most 
popular concepts used in crank less 
engines. During manufacturing of the 
swash plate compressor there are many 
complications occur such as dimensional 
defect, material quality and more skilled 
labor is required to eliminate these 
problems, swash plate mechanism can be 
replaced by cylindrical cam mechanism. In 
this mechanism the follower is made to 
follow the grooved rotating cylindrical 
shaft. That is, instead of using swash plate, 
we can simply draw a groove with the 
angle same as that of swash plate in the 
shaft.In that groove, we can fix the roller 
and make it rotate along the path of 
groove. The cylindrical cam is connected 
to the roller, and the pistons are connected 
to the cam. So, when the shaft starts to 

rotate, automatically the rollers inside the 
groove also starts to rotate and makes the 
cylindrical cam move, which gives 
reciprocal motion to the pistons connected 
to the cam.
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1. INTRODUCTION
1.1 Compressor

A compressor is a device that 
mechanically increases the pressure of 
a gas or liquid by reducing the total 
volume [1]. They are similar to pumps, 
that is, both of them increases the total 
pressure of a fluid and transport it through 
the pipe [2]. As gases are much more 
compressible, it also reduces the total 
volume of the gas.

2.CYLINDRICAL CAM

2.1 WHAT IS CYLINDRICAL CAM
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A cylindrical cam or otherwise 
known as barrel cam is a cam in which, the 
follower rides to the main surface of a 
cylinder. In common, the follower rides in 
a groove that is, cut in the surface of the 
cylinder [3]. These kind of cams are 
mainly used to convert the rotational 
motion of the driver to linear motion 
parallel to rotational axis of cylinder.

This cylinder may have several 
grooves that cut in the surface of it, and 
drives several followers [4]. They can 
provide movements that involves more 
than a single set of rotation, of the cylinder 
and provides positive positioning, and also 
removes the need for a spring or some 
other provision to keep follower contact 
with the control surface.
2.2 Cam

Cams are devices, which are used 
to generate some irregular motion in case 
of mechanical elements [5]. As said earlier 
they are used to convert rotary motion into 
oscillatory motion or vice versa. Actually 
there are two links in the cam, in which the 
cam itself acts as a link called input 
member and another link called output 
member by follower.

Mostly the cams are used widely in 
IC engines, machine tools, printing tool 
and mechanisms, textile weaving 
industries, and also in automated machines 
etc.  
 

2.3 Roller follower
The assembly consists of a roller in 

a cylindrical shape which rolls on the cam 
surface [6]. Due to this rolling motion in 
between the contact surface, the rate of 
wear is decreased in comparison to the 
Knife edged follower [7]. The followers 
are extensively used where there is more 
space available in gas and oil engines. 
       3.DESIGN AND CALCULATION

3.1 SVAJ Calculation

 Motion of the follower is 
performed using cycloidal 
displacement method.

 Jerk period is finite and 
continuous. 

 Less noise and vibration is 
produced.

For cycloidal displacement method, 

 Displacement s = hɵ  -  h   sin(2ӆɵ/ɸa)

ɸa2ӆ

Velocity v  = hw [1 – cos(2ӆɵ/ɸa)]

ɸa

Acceleration a     = w(dv/dɵ)

= 2ӆhw2[sin(2ӆɵ/ɸa)]
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 ɸa
2

Jerkj  = 4ӆ2hw3 cos(2ӆɵ/ɸa)

 ɸa
3

Then, 

ɸa  = angle of ascent = 120⁰ = 2.09rad 

ɵd1 = angle of dwell (high dwell)

ɸd  = angle of descent = 120⁰ = 2.09rad

ɵd2 = angle of dwell (low dwell)

ɵ = Cam rotation angle

Displacement, h = 35mm = 0.035m

Speed,    N= 600 rpm

W = 62.77 rad/ sec

From the above equation,

When, ɵ = 0; s = 0;
v = 0; a = 0

Jmax = 4ӆ2hw3 

  ɸa
3

   Jmax = 4 ӆ2(0.035)(2 ӆ600/60)3

 2.093

Jmax = 37,432 m/sec3

When, ɵ = ɸa/4 = 0.522 rad; 

s = 0.09h = 3.15 x 10-3 m;

V= hw/ɸa = 1.06 m/sec

amax=  2ӆhw2 [sin (2ӆɵ/ɸa)]

ɸa
2

amax  = 2ӆ (0.035 x 62.772) x 0.99

      (2.092)

amax=199.05 m/sec2

When, ɵ = ɸa/2 = 1.045 rad;

s = h/2 = 0.0175 m; a = 0;

Vmax = 2hw/ɸa

= (2 x 0.035 x 62.77)/2.09

 Vmax = 2.11 m/sec

Jmax = - 4ӆ2hw3 

 ɸa
3

 Jmax = - 4 ӆ2(0.035)(2 ӆ600/60)3

  2.093    

Jmax = - 37,432 m/sec3

When, ɵ = 3ɸa/4 = 1.56 rad;

s =0.91 h = 0.91 x 0.035 = 0.03185 m;

Vmax = hw/ɸa

  = (0.035 x 62.77)/2.09
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Vmax = 1.05 m/sec

amax = -  2ӆhw2 [sin(2ӆɵ/ɸa)]

         ɸa
2

amax  = - 2ӆ(0.035 x 62.772) x 0.99

          (2.092)

amax= -199.05 m/sec2

When, ɵ = ɸa = 2.09 rad;  s = h = 0.035 m;

V = 0; a = 0;

Jmax  =  4ӆ2hw3 

ɸa
3

Jmax  =  4 ӆ2(0.035)(2 ӆ600/60)3

 2.093    

Jmax  =  37,432 m/sec3

3.2 Pressure Angle Calculation

μN = μ Fsinɸ

where,

μN = Friction force,

The Normal force N is divided into two 
components,

 Fsinɸ
 Fcosɸ

Fsinɸ = pushing force produces side thrust.

Fcosɸ = follower rise.

For follower to rise,

Fcosɸ > Fsinɸ

Fcos20⁰> 0.79 Fsin20⁰

F(0.939) > 0.270 F

So the follower rises, without slipping 
by pure rolling.

3.3 Force exerted on the piston

                  F = P x A

 F = (Suction pressure – Discharge 
pressure) x  (ӆ x D x L )

Diameter of the shaft, D = 26.6 mm 

=26.6 x 10-3 m

Length stroke of the piston, L = 35 mm

= 35 x 10-3 m

Suction pressure = 1 bar = 1 x 105 pa

Discharge pressure = 6 bar = 6 x 105 pa

F = (6x105–1x105)(ӆx26.6x10-3x35x10-3)

   = 1462.41 N

Fc = force exerted by the cam on the 
follower

1462.41 N

                                               Fc
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At equilibrium conditions, ∑Fv = 0

             Fc - 1462.41 =0

             Fc = 1462.41 N

Upward force provided by the cam to the 
follower=Fc x cosɸ

=1462.41 x cos20⁰

=1374.2 N

Side thrust provided by the cam to the 
follower=Fc x sinɸ

 =1462.41 x sin20⁰

   =500 N

3.4 Specifications of cam

The specifications of cam are listed 
below:

• Cylindrical cam

• Cylinder diameter = 30 mm

• Length of the cylinder = 150 mm

• Lift = 35 mm

• Roller diameter = 4 mm

• Groove depth = 3 mm

• Base circle = 18 m

3.5 Cam Profile

Fig. 6.2 Profile of Cam

The profile of the cam follows a cycloidal 
motion, where the roller follower runs 
through the certain regions like low dwell, 
rise, high dwell and fall. The follower 
mostly runs in cycloidal motion in all type 
of compressor systems.
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3.6 Displacement and velocity diagram
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The displacement of the cam with 
respect to the rotation of the roller is 
shown in the above graph.
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The velocity of the cam with 
respect to the rotation of the roller is 
shown in this graph 

3.7 Acceleration and Jerk diagram
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The acceleration of the cam with respect to 
the roller is shown in this graph.
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The jerk experienced by the cam while 
rising motion is shown in this graph.
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The jerk experienced by the cam while fall 
motion is shown in this graph

 4.MODELLING

4.1 Assembly of components

Fig. 4.1 Cylinder assembly

Fig. 4.2Piston and follower assembly

This is the design of piston connected to 
the roller follower, this follower will rotate 
along the groove in the shaft, which 
produces the linear motion of the piston
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Fig. 4.3 Groove on the shaft

The above design shows the groove that is 
designed along the shaft circumference, in 
this groove, the roller consisting of piston 
will rotate. The material used for the shaft 
and the groove is a type of steel.

   Fig. 4.5 Assembly of compressor

This shows the total assembly of the 
compressor, with the cylinders and pistons. 
The pistons are connected to the groove 
with the roller follower as the rotation of 
the shaft gives the motion to the rollers, 

which in turn makes the piston to move up 
and down.  

5.CONCLUSION

From the above mentioned data and 
results, the change in mechanism from 
swash plate to cylindrical cam has been an 
advantage one. The reduction in 
complexity of manufacturing and assembly 
has been obtained with the help of change 
in mechanism. 

The ease in manufacturing of 
cylindrical cam has overcome the 
difficulties found in swash plate 
mechanism. The cylindrical cam can also 
be easily connected to the shaft with the 
help of spline. This has also avoided the 
use of heaters, to heat the shaft and swash 
plate to bring a connection between 

The change in mechanism also 
increases efficiency of geometrical aspect 
of the compressor. With all these 
advantages, the change in mechanism is 
surely an advantageous one.

The various advantages of our 
design over the swash plate design is 
discussed below through tables. 
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