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My name is Somashekhar, course faculty for this course. Now, let us we will see the Effective

area, force, velocity and power in the cylinders. Referring to figure below theoretical thrust

force or a push force is calculated using the following relations. Just you will see here friends

the load is pushing through the fluid pressure. Pressure is acting on the head side over the

piston surface area. See here piston surface area is an effective area over which fluid is acting.



Therefore, the push force during the extension is calculated using the pressure acting at the

side A multiplied by the area over which it acts that is a pi by 4 d p square d p is the diameter

of the piston and p a is the fluid pressure at side A. Similarly, the theoretical velocity during

extension is calculated using the following relationship. 

As we know Q equal to A V. Using that Q A equal to A p into V e, where V e is a Q A by A

p. A p is the piston head side area and V is the velocity of the piston during the extension, Q

A is the volumetric flow rate at side A. The power during the extension P e is calculated

using the force into velocity. 

F e during extension multiplied by the velocity during the extension. After substituting the

value we will get the power during the extension is p A into Q A. Let us we will call this

equation number 1 for the power during the extension stroke. 
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Similarly, let us we will see the theoretical tension force or a pull force using the following

relations here. Now, we will see friends now here the pressure is acting on the tail side ok

here tail side. Then you will see the effective area is the piston diameter minus the rod

diameter. 

Now, we will see the theoretical tension or a pull force during the retraction is given by p B

into A r. p B is the fluid pressure at side B and A r is the area over which it acts during the

retraction, which is given by pi by 4 d p square minus d r square. Similarly, the theoretical

velocity during the retraction is calculated using the following relations; Q B equal to A r into

V r, where we want V r. 

V r equal to Q B by A r, where Q B is the volumetric flow rate at side B and A r is the piston

rod side area. Then the power during the retraction is the force into velocity. After



substituting these two equations here we will get p B equal to Q en, this is for the during the

retraction. By comparing the two power equations for the extension as well as retraction what

happens? The power during the extension and retraction strokes are the same. 
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Now, we will see the acceleration and deceleration of a cylinder loads. Cylinders are

subjected to acceleration and deceleration during extension and retraction operations.

Cylinders are decelerated to provide a cushioning and the cylinders are accelerated to reduce

the cycle time of the operations. 

To calculate the acceleration of the cylinder loads the equation of motion must understood

clearly. Let us assume some of the parameter. u equal to initial velocity, v equal to velocity

after a time t, s equal to distance moved during the time t, a is acceleration during the time t. 



Then the standard equations as we know all the v equal to u plus a t and v square equal to u

square plus 2 as. Then s equal to ut plus half a t square and s equal to half u plus v into t.

Therefore the force F to accelerate a weight W horizontally with an acceleration a is given by

force equal to mass the mass into acceleration that is a W by g into a. 

Then where g is the acceleration due to gravity and is given by 9.81 meters per second square.

The force required to overcome the friction is given by F of f equal to mu into W, where mu

is the coefficient of friction. 

(Refer Slide Time: 05:56)

Now, dynamic cylinder thrust: in dynamic application the load inertia, seal friction, load

friction, etcetera must be allowed for calculating the dynamic thrust. At a first approximation

the dynamic can be taken as 0.9 times the static thrust. Cylinder seal friction varies with the



seal and a cylinder design. The pressure required to overcome the seal friction is not readily

available from the majority of the cylinder manufacturers.

The seal friction breakout pressure can be taken as 5 bar for calculation purposes. It reduces

when the piston starts to move. The pressure required to overcome the seal friction reduces as

the cylinder bore size increases and varies according to the seal design.
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Now, we will see the performance characteristics of the cylinders. Here we are discussing the

various types of efficiencies. The performance characteristics of a linear actuator include a

consideration of actuator efficiency and the quasi steady operation and a function of the

actuator. Let us we will see first efficiency. 



Now, figure shows a schematic of power distribution for a double acting cylinder single rod

type. You will see here the figure from the figure the hydraulic power is delivered to the

system through a port A, this is a port A as a product of pressure times and volumetric flow

rate. Correct here? This is a the hydraulic power hydraulic power delivered to the left side

meaning the port A is p A into Q A.

As the piston or a rod assembly moves to the right power is expelled from the actuator system

through a port B as a product of pressure p B and a volumetric flow rate Q B. Heat also lost to

the atmosphere as a result of viscous shear and a Coulombs friction within the system. The

useful output power of the linear actuator is shown in the figure as a product of force into the

velocity, the rod velocity.

The overall efficiency of the linear actuator is defined as the ratio of the useful output power

to the supplied input power. Here is a output power and this is an input power which is the

ratio efficiency is F into v divided by p A into Q A because it is a input here, this is an output.
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Using the pressure area of the actuator on the side A of a piston A A, the overall efficiency of

the actuator also known as the total efficiency of the actuator maybe separated into two

components; the volumetric efficiency and the mechanical efficiency or sometimes it is

known as force efficiency also and the relation is given by volumetric efficiency into

mechanical efficiency is the total efficiency. 

Where volumetric efficiency is given by A A into v divided by Q a. Similarly, the mechanical

efficiency is given by F divided by p A into A A. In general the volumetric efficiency of the

actuator will be less than the unity due to the fluid compression and a leakage past the piston.

The mechanical efficiency will be less than the unity due to the coulomb friction and a

viscous shear.



If the actuator shown above is operated in the reverse direction meaning in the retraction

stroke then the subscript what I have mentioned here A is replaced by the subscript B to

denote the input power being supplied to the side B of the actuator. Also the force and

velocity of these equation must be considered in the absolute sense. 

The volumetric efficiency of the linear actuator generally increases with the speed and

decreases with the pressure while the mechanical efficiency decreases with the speed and

increases with the pressure. 
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Now, we will see I have shown you the performance characteristics of the double acting

cylinder. The y axis is the actuator efficiency and a x axis is a non dimensional group mu v by



p l, where mu is the fluid viscosity and v is the actuator velocity and p is the fluid pressure

and l is the length of the actuator stroke. 

You will see here what I have shown here volumetric efficiency how it is goes on increasing

with respect to the non dimensional value what I am taken here. Similarly, the mechanical

efficiency decreasing. This is the total efficiency by adding these two I am getting here taking

the difference. This is a the total efficiency derived from multiplying the volumetric

efficiency into mechanical efficiency. 
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Now, we will see the actuator function. The function of the linear actuator is to convert the

hydraulic power into linear mechanical power. Since the momentum effect of the moving

actuator parts are small compared to the forces that are generated by the linear actuator and

since the pressure transient in the actuator occur must faster than the dynamic of the actuator



load, the power conversion of the actuator may be considered as a quasi steady process in

which most of the time varying quantities may be neglected. 

See here this is the following figure represented to describe the positive output motion of the

cylinder. Here you will see I have represented some of the terminologies. Here you will see

this is a piston, piston rod which is having the two side it is a cushioning then this is a head

side and this is a tail side. 

Here for the convenience I am taken the side A as the head side, side B is a tail side. Here y

into y, v I am written know, here is a displacement of the actuator and v is the velocity of the

actuator. Similarly, the F is the an applied load to the actuator how much you are applied

here. And p A is the fluid pressure on side A and p B is the fluid pressure on the side B. And

A A is the what it is? 

The pressure area on the side A, A B is the pressure area on the side B. Similarly, Q A and Q

B are volumetric flow rate into the side A and side B.
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Now, we will see now here using the quasi steady assumptions with figure in which the

momentum effects of the actuator have been neglected, it may be shown that the applied force

to the actuator is given by minus p A into A A minus p B into A B multiplied by the

mechanical efficiency. This I will call it as equation number 5. 

This equation is a sign dependent and may be used to describe the actuator pressures for an

applied load that is either positive or a negative. Now, the velocity of the actuator may be

calculated using the following equation. Q A by A into volumetric efficiency; similarly Q B

by A B into volumetric efficiency. I will call it as equation number 6. 

This equation 2 a sign dependency where a negative on the flow rate terms must be applied

when the flow arrows are pointing in the opposite directions. In order to determine the

instantaneous displacement y of the linear actuator the integral of equation 6 must be taken



with respect to t. The load requirement and the actuator size may be adequately matched

using the equation 5 while the required flow rate of the actuator power supply may be

determined using the equation 6. 
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After knowing the performance characteristics of the double acting cylinder let us we will see

now some of the special actuators for the special purposes. The mainly I am discussing now

onwards some of the spatial actuators meant for the pneumatic applications, but these are also

used in the hydraulics. Telescopic cylinders, you will see friends what is this telescopic

cylinders.

By seeing the figure itself it tells us that the one sleeve inside the other. You will see it is a

retracted position of the telescopic cylinder. In the extended position you will see first stage,

second stage, third stage. Up to how many stage? Up to five stages of the sleeve will extend



with the fluid pressure. A telescopic cylinders are used when a long stroke length and a short

retracted length are required. 

They are normally used only on applications where a standard cylinders will not fit, since

their cost is several times that of the standard cylinder having a comparable lifting force. They

are built only for hydraulic service. Telescopic cylinders presently on the market are

manufactured with up to five stages; meaning 5 sleeves plus the barrel and with a maximum

strokes from 1.83 meter to 9.14 meter, depending on the number of sleeves and the diameter

of the largest sleeve. 

The pressure ratings may be from 68.95 bar to 172.37 bar. They are more expensive than the

standard cylinders due to their complex construction. They are generally consists of a nested

tubes and operate on the displacement principle. When extending the largest sleeve extends

first, then next largest, like this they are goes on extending. 

Because of the difference in diameter from sleeve to sleeve cylinder force decreases and

speed increases each time the cylinder steps to a smaller sleeve. Lifting force must be

calculated separately for each sleeve by using the outside diameter of the sleeve to calculate

the working area, then multiplying area times the gauge pressure. 
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You will see the constructional features of the telescopic cylinder. Referring to the figure, the

tubes are supported by a bearing rings, the innermost set of which have a grooves or a

channels to allow the fluid flow. Here you will see friends neatly displacement type of

telescopic cylinder is shown here. It is a two position. 

Here it is a inlet port and here you will see the stop ring bearing ring with a groove oil. This is

a bearing ring, wiper rings and these are the seals. The front bearing assembly on each section

includes seals and a wiper rings. Stop ring limit the moment of each section, thus preventing

the separation. 

When the cylinder extends all the sections move together until the outer section is prevented

from further extension by the stop ring. The remaining section continue out stroking until the



second outermost section reaches the limit of its stroke. This process continues until all the

sections are extending, the innermost one being the last of all the tubes. 

For a given input flow rate, the speed of operation increases in steps as each successive

section reaches the end of its stroke. Similarly, for a specific pressure, the load lifting capacity

decreases for each successive section.
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Telescopic cylinders are available in both single acting as well as a double acting models.

You will see here the nested tubes one inside the other. Here it is the only one line, it is the

single acting telescopic cylinder. Meaning, only extension retraction by the self weight or a

vertical positioning of the telescopic cylinder. 



You will see in the double acting see there are the two lines are there. Meaning, extension of

the sleeve through the fluid pressure, similarly, the retraction of the sleeve through the fluid

pressure. It is a double acting type. The application you will see the various applications in

constructions, agricultural, many places. 

Single acting models are used for pushing. They will not retract under their own power.

Usually, the weight of the load causes them to collapse when their pressure port is vented.

Only these are used to push the loads. Then retraction is when you will cut off the inlet

pressure automatically due to the self weight they will come one inside the other. 

The see the sleeve collapse in reverse order with the smallest sleeve collapsing first. Next in

the case of the double acting models do their heavy work on extension, but they do not have a

very small net area which can be used to supplement the load weight for collapsing them.
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If they push the load over centre for a shorter distance they can usually develop enough push

back force to get them back over center, so, the load weight can collapse them. Pull back

force is different for each sleeve and is calculated from net area, which is the area of the

larger sleeve minus area of the next smaller sleeve. 

The sleeves may or may not collapse in reverse order, but the sleeves with smallest net area

will collapse first, then the sleeve with next smaller net area will collapse next and so on it

will continue. Since the speed and load capacity change each time the next sleeve starts to

expand, telescopic cylinders must be matched to the load characteristics. 

Now, let us I will give you some application areas where these are used. A telescopic

cylinders what I have shown you here vertically mounted here. A telescopic cylinder starts to



extend its first stage with a high force, but at a slow speed. As each succeeding stage starts to

extend the cylinder force becomes less and its speed becomes greater. 

Please note friend this. For best results the cylinder should be used on application which have

a similar load and speed characteristics. That is maximum force is required to start and move

the load during the first part of its travel. Then, the load resistant become less the further it

moves. 
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For example, in the table below this table will show you the lifting force on a telescopic

cylinder for the different sleeve diameter what I am given here at a sleeve area for the

different fluid pressures. Here we will see from this table we will see friends in the table

below. For example, for the telescopic cylinder working with a pressure 68.94 bar load



resistance decreases from 87,185 Newton on a 0.127 meter sleeve to only 56,047 Newton on

a 0.1016 meter sleeve. 

Then if the third sleeve is there again it will reduce to 31,134 for the per selected pressure.

Meaning as we will move as it will extend fifth, fourth, third, first, the lifting load goes on

decreasing, see here. This is one of the important observation in case of the telescopic

cylinders. An increase in speed on the smaller sleeve, especially on jobs like raising the boom

on a crane, might cause the boom to whip. 
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Now, we will see one more application here what I have shown here in this sketch. Referring

to figure, raising a loaded hinged beam from a horizontal to a vertical position is a very good

application because the load requirement matches a telescopic cylinder characteristics. You

will see hinged point. 



When the one tube other tube extends the load will be lifting up. The load requires maximum

force at the start that is why it is a very good application. Then the required force diminishes

to zero as the beam reaches the vertical position. Speed may becomes excessive as the beam

approaches a vertical. So, a speed control valve should be available to the operator. 

Another application you will see here. It is a hinged point now here. The load is here. It is the

cylinder mounting here in the inclined position. This configuration is used on a dump truck to

dump material. Less force is required to raise the load as the cylinder extends because a part

of the load is being dumped and the remaining load requires a less force as it moves towards

the vertical position. 

Now, we will see one more area, where it is a poor application of the telescopic cylinder.

Here it is a vertical load and hinged point here. When it will extend what happen you will see.

Referring to figure, this is a poor application as I have told you because a very little force is

required to start this hinged load from a vertical towards a horizontal position. 

That is why such cases you should not use the telescopic cylinders. It is a poor application.

But, the load resistance increases while the cylinder force decreases. 


