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ABSTRACT: A hydraulic system is a system which utilizes pressurized liquid to transmit power and motion from source 

to an area of use .The versatility, flexibility; high capability and convenient position in of hydraulic system make it a 

useful device for application of machine tools. 

In our paper “Modification of Hydraulic Circuit of H-400 CNC 5AE Gear Hobbing Machine (using Modular Valves)”, 

we are studying the basic requirement and application of hydraulic system and also the various hydraulic elements 

necessary for successful operation of hydraulic system and also the various hydraulic systems. 

Modular valves are designed to simplify hydraulic systems. Modifying the hydraulic circuit using modular valves to a 

great extent simplifies the hydraulic circuit by reducing the number of hoses and pipes which are used to transmit the 

fluid power/pressure. This reduces maintenance and repair time and increases productivity of the machine and also 

reduces the strain on the operator. 

Keywords: Hobbing Machine, Hydraulic Actuators. 

    

I.  INTRODUCTION 

HYDRAULICS AND ITS APPLICATIONS:  

When a pressurized hydraulic liquid is available, the pressure can be converted to force and the motion which 

can be appropriately used in different ways and mechanisms, giving birth to a variety of machine applications. 

There is plenty of advantage in using hydraulics in the machine design. By suitably using the working 

pressure, the volume of pumping (discharge rate) and the right size of hydraulic cylinder, machines which 

require precisely estimated thrust forces infinitely variable speed of movement can be very conveniently 

designed. Hydraulic machines are found in a variety of applications. Hydraulic process can be used for 

compacting things or forming material shapes. In manufacturing technology, hydraulic cylinders are 

extensively used for clamping jobs in work holding fixture .Metal cutting machine tools and special purpose 

machines use hydraulic systems extensively to operate moving slides, to get rotary drive  (using hydro motors 

)  etc. Material handling machines and earth moving machines (like excavator) are very widely known 

machines that work using hydraulics. 

 

WORKING OF HYDRAULIC MACHINE: 

The foremost requirement for hydraulic machine is a “hydraulic power pack” .The power is centralized source 

from where pressurized oil is supplied to hydraulic actuators (like cylinders) in the machine.  A hydraulic 

power pack consists of following: 

 Oil tank the hydraulic fluid (mostly, specially formulated minerals oils –oils similar to appropriate 

viscosity suitable for a range of application). 

 A hydraulic pump is used to pump oil from the tank and deliver it to the out lets at high pressure and 

at a desirable rate of discharge. 

 An electric motor of appropriate power to drive the hydraulic pump. 

 Valves –valves of different types like a pressure relief valve, pressure regulated valves, flow control 

valves, direction control valves etc. Direction control valves can be the part of power Pack or can be mounted 

closer to hydraulic cylinder or actuators based on convenience and other design factors. 
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 Other facilities like oil filter ,breather cum oil inlet ,oil level indicator / controller ,heat exchangers for 

cooling of oil(based on the ambient condition),inter connecting pipes, tubes and hoses etc. 

 

HOBBING: 

Hobbing is a machines process for making gears, splines and sprockets on a hobbing machine, which is a 

special type of milling machine. The teeth or splines are progressively cut in to the work piece by series of 

cuts made by a cutting tool called a hob. Compare to the other gear forming process it is relatively in 

expensive but still quite accurate, thus it is used broad range of parts and quantities. It is most widely used 

gear cutting process for creating spur and helical gears and more gears are cut by hobbing than any other 

process since it is relatively quick and in expensive. 

Process: 

Hobbing uses a hobbing machine with two skew spindles, one mounted with a blank work piece and other 

with hob. The angle between the hob‟s spindle and the work piece‟s spindle varies, depending type of the 

product being produced. For example, if a spur gear is being produced, then the hob is angled equal to the 

helix angle of the hob; if a helical gear being produced then they must be increased by the same amount as the 

helix angle of helical gear. The two shafts are rotated at a proportional ratio, which determines the number of 

teeth on the blank; for example, if the gear ratio is 40:1the hob rotates 40 times to each turn of the blank, 

which produces 40 teeth in the blank. 

Equipment: 

Modern hobbing machines, also known as hobbers are fully automated machines that come in many sizes, 

because they need to be able to produce anything from tiny instrument gear up to 10ft.(3.0m) diameter marine 

gears. Each gear hobbing machine typically consists of a chuck and tail stock, to hold the work piece or a 

spindle, a spindle on which the hob is mounted and drive motor. 

 

 

   

Figure 1: Figure 2: Horizontal and Vertical 

hobbing machine 

Figure 3: Hob 

The hob is cutter used to cut the teeth into the work piece. It is cylindrical in shape with helical cutting teeth. 

These teeth have grooves that run the length of hob, which aid in cutting and chip removal. There are also 

special hobs design for special gears such as the spines and the sprocket gear. The cross-sectional shape of the 

hob teeth are almost the same shape as the teeth of a rack gear that would be used with the finished product. 

Scope of Project Work: 

 The project work involves the modification of the old hydraulic circuit by including Modular valves 

which are intended to increase the performance of the H400 gear hobbing machine and reduce its maintenance 

and repair time. 
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 The use of modular valves reduces the internal leakage which improves the performance of the 

machine. Also the complexity of the piping system and the number of valves used can be reduced which will 

help in easier and faster maintenance. 

 Since the modular valve used system can be used in machines with old hydraulic circuit, the machines 

which are no longer used due to poor efficiency and maintenance problem can be reused by replacing the 

hydraulic system with the modular valve hydraulic system. 

 The modular valves reduce maintenance time; the machine performs more efficiency in the long run 

which reduces manufacturing lead time and improves productivity. 

 Modular design can be adopted in various areas such as steel work mills, material handling, marine 

hydraulic, tool manufacturing and various other industries of which hydraulics is an integral part 

 

II.  METHODOLOGY 

STUDY OF PARTS OF HYDRAULIC SYSTEM: 

The first step in modifying the hydraulic system is to understand the various components that make up the 

system such as the pumps, motors, control valves and also the piping and the fluid used in the system. In order 

to understand the working of the system we used various sources to gather information on how each part  

works so that it would help us understand the hydraulic circuit of the gear hobbing machine and how to 

modify it in order to make it more efficient. We also studied the function of modular valves and compared 

them with conventional control valves in order to understand the uses and advantages of the modular valves 

when compared to the conventional valves. The study of design of hydraulic circuit is also being done in order 

to understand the old and proposed hydraulic circuit so as to be able to correctly modify the present hydraulic 

system of the H400 gear hobbing machine. 

 

STUDY OF THE OLD HYDRAULIC SYSTEM: 

After understanding how every part of a hydraulic system works we then move onto understanding the old 

hydraulic system which is to This enables us to understand how the old system works and what changes are to 

be made to it. Since we are using modular valves in the new system we need to know which parts of the old 

system is done by studying the blueprint of the system and understanding how it functions in order to find out 

how the required modifications need to be done. 

 

PURPOSE: 

 Hydraulic Actuators 

Linear Actuators 

 

Figure 4: Linear Actuator 
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The foremost and widely used actuator for hydraulic machine is the hydraulic cylinder. Cylinders are most 

double acting, giving linear movement in forward and reverse direction. A cylinder consists of the outer tube, 

a piston, piston rod and a connecting arrangement at the end of the piston rod. When oil at high pressure is 

pumped into one end of the cylinder, it pushes the piston and piston rod out/in. whatever mechanism that 

needs to utilize this movement and the thrust created by the hydraulic oil applied at piston area is connected to 

the rod end. Cylinders with sturdy piston rods area also called rams. 

A hydraulic press is a typical machine where a single hydraulic cylinder (ram) is used vertically. The 

downward movement of the ram at high load is utilized for a variety of applications like compacting, cutting 

off, assembling, and punching, shearing or bending of metal plates. 

The cross section of a typical hydraulic cylinder is shown above. The piston is inside the tube. The protruding 

shaft is the piston rod. 

A special purpose industrial machine fitted with two hydraulic cylinders is shown below. 

                                             

 
 

Figure 5: Hydraulic Cylinders Figure 6: Hydraulic cylinder 

 

Figure 7: An Industrial Machine with two hydraulic cylinders 

Hydro Motors/Rotary Actuators 

While cylinders are used for linear movement, hydro motors are used for rotary movement to deliver high 

pressure high torques to shafts at variable speed, mostly in low speeds of revolution. Hydro motors in some 

typical application can replace electricity motor and speed reduction gear boxes providing a lot of 

compactness and simplicity. When a hydraulic liquid is available pressurized, the pressure can be converted to 

force and motion. The force and motion obtained can be appropriately used in different ways and 

mechanisms, giving birth to a variety of machine applications. 

Gear Motors: A Gear motor (external gear) consists of two gears, the driven gear (attached to the output shaft 

by way of a key, etc.) and the idle gear. High pressure oil is ported into the one side of the gears, where it 

flows around the periphery of the gears, between the gear tips and the wall housings in which it resides, to the 

outlet port. The gears, then mesh, not allowing the oil from the outlet side to flow back to the inlet side. For 

lubrication, the gear motor uses a small amount of oil from the pressurized side of the gears, bleeds this 

through the (typically) hydrodynamic bearing, and vents the same oil either to the lower side of the gear, or 
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through a dedicated drain port on the motor housing. As especially positive attribute of the gear motor, is that 

catastrophic breakdown is a lot less common than in most other types of hydraulic motors. This is because the 

gears gradually wear down the housing and/or main buildings, reducing the volumetric efficiency of the motor 

gradually until it is all useless. This often happens long before wear causes the unit to size or breakdown. 

  

Figure 8: Gear Motor Figure 9: Vane Motor 

Vane Motor: A vane motor consists of housing with eccentric bore, in which runs a motor with vanes in it 

that slide in and out. The force differential created by the unbalanced force of the pressurized  

Groton Motor: The Groton motor is in essence rotor with N-1 teeth, rotating off centre in a rotor/stator with 

N teeth. Pressurized fluid is guided into the assembly using a (usually) axially placed plate-type distributor 

valve. Several different designs exist, such as the internal/external rollers and Nichols motors. Typically, a 

generator varies from low-to-medium speeds and medium-to-high torque. 

 

Figure 10: Generator Motor 

Axial Plunger Motors:  

For high quality rotating drive systems plunger motors are generally used. Whereas the speed of hydraulic 

pumps ranges from 1200 to 1800 rpm, the machinery to be driven by the motor often requires a much lower 

speed. This means that when an axial plunger motor (swept volume maximum 2 liters) is used, a gear box is 

usually needed. For a continuously adjustable swept volume, axial piston motors are used. 

a) Axial Piston Motors: Like Piston (reciprocating) type pumps, the most common design of the piston type 

of motor is the axial. This type of motor is the most commonly used in hydraulic systems. These motors are, 

like their pump counterparts, available in both variable and fixed displacement designs. Efficiencies and 

minimum/maximum rotational speeds are highly dependent on the design of the rotating group, and many 

different types are in use 

b) Radial Piston Motors: Radial piston motors are available in two basic types. Crankshaft type (e.g. Staffa 

or SAI motors) with a single cam and pistons pushing inwards. This type of motor is basically an old design 

but is one which has extremely high starting torque characteristics. They are available in displacement from 

40 cc/rev up to about 12 liters/rev but can sometimes be limited in power output. Crankshaft type radial piston 

motors are capable of running at “creep” speeds and some can run seamlessly up to 1500 rpm whilst offering 

virtually torque characteristics. This makes them still the most versatile design. 
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Figure 11: Axial Piston Motor Figure 12: Radial Piston Motor 

 

VALVE SYSTEM 

Directional Control Valves: To carry out such directional movement to several cylinders, the hydraulic 

system uses several directional control valves. The valves are mostly actuated electrically through solenoids. 

These valves change the direction of the flow of the hydraulic oil to the various cylinders and the control is 

eccentrically done by the operator in the proper sequence. It consists of spool inside a cylinder which is 

mechanically or electrically controlled. The movement of the spool restricts or permits the flow, thus it 

controls the fluid flow. 

Relief Valve: The relief valve (RV) is a type of valve used to control or limit the pressure in a system or 

vessel which can build up by a process upset, instrument or equipment failure or fire.  

The pressure is relieved by allowing fluid to flow from an auxiliary out of the system. The relief valve is 

designed or set to open at a predetermined set pressure to protect pressure vessels and the other equipment 

from being subjected to pressures that exceed their design limits. When the set pressure is exceed, the relief 

valve becomes the “path of least resistance” as the valve is forced open and a portion of fluid is delivered 

through the auxiliary route. The delivered fluid (liquid, gas or liquid-gas mixture) is usually routed through a 

piping system known as a flare header or relief header to a central, elevated gas flare where it is usually 

burned and the resulting combustion gases are released to the atmosphere. As the fluid is diverted, the 

pressure inside the vessel will drop. Once it reaches the valve‟s reseating pressure, the valve will close. The 

blow down is usually stated as a percentage of set pressure and refers to how much the pressure needs to drop 

before the valve re-seats. The blow down can vary from roughly 2-20% and some valves have adjustable blow 

downs. 

 

 

Figure 13: Direction control valve Figure 14: Relief Valve 
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In some cases, a so-called bypass valve acts as a relief valve by being used to return all or part of the fluid 

discharged by a pump or gas compressor back to either a storage reservoir or the inlet of the pump or gas 

compressor. This is done to protect the pump or gas compressor and any associated equipment associated 

from excessive pressure. The bypass valve and bypass path can be internal (an integral part of pump or 

compressor) or external (installed as component in the fluid path). Many fire engines have such relief valves 

to prevent the over pressurization of fire hoses. 

In other cases, equipment must be protected against being subjected to an internal vacuum (i.e. low pressure) 

that is lower than the equipment can withstand. In such cases, vacuum relief valves are used to open at a 

predetermined low pressure limit and to admit air or an inert gas into the equipment so as to control the 

amount of vacuum. 

Check Valve: A check valve, clack valve or non return valve is a mechanically device valve which normally 

allows fluid (liquid or gas) to flow through it in only one direction.  Check valves are two-port valves 

meaning, they have two open openings in the body, one for fluid to enter and other for fluid to leave. There 

are various types of check valves used in a wide variety of applications. Check valves are often part of 

common household items. Although they are available in a wide range of sizes and costs, check valves are 

generally small, simple and inexpensive. They work automatically and most are not controlled by a person or 

any external control; accordingly most do not have valve handle or stem. The bodies (external shells) of most 

check valves are made of plastic or metal. An important concept in check valves is the cracking pressure 

which is the minimum upstream pressure at which the valve will operate. Typically check valve is designed 

for and can therefore be specified for a cracking pressure. 

 

 

Figure 15: Check valve Figure 16: Check valve symbol 

Flow Control Valve: A flow control valve regulates the flow or pressure of a fluid. A control valve normally 

responds to signals generated by independent devices such as flow meters or temperature gauges.  Control 

valves are normally fitted with actuators and petitioners. Pneumatically-actuated globe valves and diaphragm 

valves are widely used for control purposes in many industries, although quarter-turn types such as (modified) 

ball, gate and butterfly valves are also used. 

 

Figure 17: Flow Control Valve 
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Reservoir: The hydraulic fluid reservoir holds excess hydraulic fluid to accommodate volume changes from; 

cylinder expansion and contraction, temperature driven expansion and contraction and leaks. The reservoir is 

also designed to aid in separation of air from the fluid and also work as a heat accumulator to cover losses in 

the system when peak power is used. Design engineers always try to reduce the size of reservoirs while 

equipment operators look for large sized hydraulic reservoirs. Reservoirs can also help separate dirt and other 

particulate from the oil, as the particulate will generally settle to the bottom of the tank. The main purpose of a 

reservoir is to store hydraulic fluid. 

Accumulators: Accumulators are a common part of hydraulic machinery. Their function is to store energy by 

using pressurized gas. One type is a tube with a floating position. On one side of the piston is a charge of 

pressurized gas and on the other side is the fluid .Examples of accumulator uses  

 

HYDRAULIC FLUID 

Also known as tractor fluid, hydraulic fluid is the life of the hydraulic circuit. It is usually petroleum oil with 

various additives. Some hydraulic machines require fire resistant fluids, depending on their applications. In 

some factories where food is prepared, either edible oil or water is used as working fluid for health and safety 

reasons. 

Function and properties of hydraulic fluid 

The primary function of a hydraulic fluid is to convey power, in use however, there are other important 

functions of hydraulic fluid such as protection of the hydraulic machine components. The table below lists the 

major functions of hydraulic fluids and the properties of a fluid that affects its ability to perform that function.  

Table 1: Hydraulic Fluids –Function and Properties 

Function Property 

Medium for power transfer and control  Low compressibility (high bulk modulus) 

 Fast air release 

 Low foaming tendency 

 Low volatility 

Medium for heat transfer  Good thermal capacity and conductivity 

Sealing medium  Adequate viscosity and viscosity index 

 Shear stability 

Lubricant  Viscosity for film maintenance 

 Low thermal fluidity 

 Thermal and oxidative stability 

 Hydrolytic stability/water stability 

 Cleanliness and filterability 

 De-emulsibility 

 Anti-wear characteristics 

 Corrosion control 

Pump efficiency  Proper viscosity to minimize internal 

leakage 

 High viscosity index 

Special function  Fire resistance 

 Fiction modifications 

 Radiation resistance 

Environmental function  low toxicity when new or decomposed 

 biodegradability 
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Filters: Filters are an important part of hydraulic systems. Metal particles are continuously produced by 

mechanical components and need to be removed along with other contaminants.   

Filters may be positioned in many locations. The filter may be located between the reservoir and the pump 

intake. Blockage of filter will cause cavitations and possibly failure of the pump. Sometimes the filter is 

located between the pump and the control valves. This arrangement is more expensive, since the filter is 

located between the pump and the control valves. This arrangement is more expensive, since the filter housing 

is pressurized, but eliminates cavitations problems and protects the control valve from pump failures. The 

third common filter location is just before the return line enters the reservoir. This location is relatively 

insensitive to blockage and does not require a pressurized housing, but contaminants that enter from external 

sources are not filters until passing through the system at least once. 

 

HOBBING MACHINE 

Description of the Machine 

The H400 Gear hobbing machine consists of a heavily ribbed bed with flat guide ways with good damping, 

torsion rigidity and stiffness. The table slide moving on bed guide ways provides radial feeds through 

manually driven screw and nut. Column with suitable ribs is fixed on bed. Its houses the gear box with index 

and differential mechanisms and axial feed changes gears. The main motor with speed change gear drive is 

mounted on top of column. The spindle speed changed is affected through speed change gears. Column also 

houses the machine control panel and electrical system. Compact vertical slides move on flat guide ways of 

column. The axial feed is through change gears and precision balls screw and nut for backlash free axial feed. 

The vertical slide carries hob head mounted on circular T slot and worn and worn wheel for swiveling of hob 

head. A circular scale and vernier are provided for setting swivel angle. A flywheel is provided to minimize 

speed fluctuations arising due to intermittent cutting during hobbing. 

 

Figure 18: H 400 Gear Hobbing Machine 

The AC spindle drive permits step less variable speed regulation. The hob spindle drive takes off directly from 

the main drive shaft of AC spindle via precision gear and helical gear pairs. This extremely short and direct 

transmission of power from motor to the cutting tool with an absolute minimum moving part assures 

minimum torsion deflections. 

The AC motor drives the spindle and the work table. The kinematic relocation between the rotations of the 

two is set by index change gears. The axial feed along the face width of the gear derived from positive 
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infinitely variable feed drive via one electromagnetic clutch and axial feed screw and nut. The differential spur 

gear superimposes additional drive to the work table via differential change gears while cutting helical gears, 

worm wheels or gear with prime number of teeth. Rapid traverse motor in the drive reduces idle resetting time 

after the end of each cycle. 

 

III. DESCRIPTION OF THE HYDRAULIC CIRCUIT FOR GEAR HOBBING MACHINE 

GENERAL 

The circuit diagram shows the power pack which supplies pressurizes for the system. The required amount of 

oil is stored in the reservoir. The necessary accessories like filter breather, oil level indicator, return line filters 

with a spring controlled check valve are fitted on the reservoir. 

The pump (1) is driven by motor through the drive coupler and the whole system is mounted on the base plate. 

When the pump is switched on, pressurized oil goes out of the pump and enters the check valve through the 

pressure relief valve (2). The oil at required set pressure measured by pressure gauge (3) flows out of the 

check valve the power pack is to be switched ON when pressure switch (4) gives RESET signal at low 

pressure (30 bar) and is to be switched off when switch gives SET signal at high pressure (75 bar). 

HOB HEAD SLIDE CLAMP/DECLAMP 

The hob head is normally de-clamped by the position of the valve i.e., when direction of flow is P-32. For 

clamping pressurized oil flows through the spring offset single solenoid . 

TAIL STOCK UP AND DOWN MOVEMENT 

For rapid upward movement of tail stock the pressurized oil from the pump is sent to the energized spring 

controlled double solenoid direction control valve (6) in the direction „P-A3‟ by actuating SOL 1a and then to 

the cylinder (23) through the flow control valve (9) which helps in the rapid upward movement of the tail 

stock. 

For slow downward movement of tailstock the oil from the pump is fed to the energized directional control 

valve (6) in the direction „P-A3‟ by actuating SOL 1b and then to the cylinder as show in the circuit. The oil in 

the lower portion of the cylinder is discharged through the flow control valve in the controlled manner. 

 

TAILSTOCK DECLAMPING 

The pressurized oil from the pump is fed to a variable pressure reducing valve (10), where the pressure of the 

oil is reduced as per the requirement (30 bars). This reducing pressure oil is passed to de-energized spring off-

set solenoid valve (7) actuated by SOL 2 in the direction which de-clamps the work piece. 

For clamping the valve is returned to original state which makes the spring controlled piston to move to 

previous position due to which clamping occurs. 

For slender and small work piece, lesser pressure is required so that the component will not get damaged 

hence a variable pressure reducing control valve (10) is required. 

 

  JOB CLAMPING/DECLAMPING 

The job is clamped by actuating the SOL 4a which results in flow of the oil from the pressure line to the 

spring controlled double solenoid directional seated valve (15) through the pressure reducing valve (16) to 

reduce pressure to the requires specification in order to prevent damage to slender jobs. To de-clamp the job 

SOL 4b is actuated. 

Flow control valve (17) is used in order to control the speed of actuator to slow the clamping speed and speed 

up the de-clamping of the job/ work piece. The pressure switch (19) PSO2 is used in order to get a 

confirmation on pressure build up. 
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Figure 19: Hydraulic circuit for work clamp of gear hobbing machine using conventional valves 

 

 

Figure 20:  Hydraulic circuit for work clamp of gear hobbing machine using Modular valves 

 

Table 2: Comparison between conventional valves and modular valves 

Parameter Conventional Valves Modular Valves 

Space This valve require a lot of space for 

arranging the different valves in a sequence 

manner which further increases number of 

pipes and hopes. 

Modular valves are stack type valves, and 

require no piping. Here we place different 

valves in one stack. 

Maintenance Maintenance cost is high because  lot of 

complexity in the circuit and require a 

skilled operator. 

Maintenance cost is less because simple 

in design and skilled operator is not 

require. 

Replacement Because of the number of components it 

requires lot of time. 

We can simply replace this one and not 

require much time. 

Cost Require number of pipes and hopes along 

with valves leads to high cost. 

Here pipes and hopes are not required 

which minimize cost. 

Usability The usability of this valves is requires lot of 

connections, space and maintenance. 

Modula valves usability is simple and 

effective. 

Efficiency Due to leakages, maintenance Complexity 

of circuit overall efficiency is low 

compared to modular valves. 

The efficiency of the machine using 

modular valves is high rather than 

conventional valves. 
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Comparison between existing and modifying hydraulic circuits of work clamp for H-400 Gear Hobbing 

Machine 

 Observations on existing hydraulic system: 

 In the existing hydraulic system we observed the leakages of the hydraulic oil from the valves. 

 The hydraulic circuit is complex as it contains number of valves, pipes, hoses. 

 The maintenance and replacement of the components is difficult when the damages in the hydraulic 

system occur. 

 The vibrations and noises are more due to the existence of more valves. 

 Due to leakages, pressure drops will occur which leads to the breakdowns in tailstock up/down. 

 The tailstock declamping and hydraulic work clamp also effected due to the pressure drops. 

 Because of the above problems the operators have to rectify every time otherwise it may lead to the 

breakdown of the machine. 

 These breakdowns will cause the decrease in productivity rate of the machine and also the cost of the 

maintenance increases. 

 Observations from modification hydraulic circuit: 

 In order to reducing the problems from the existing hydraulic circuit we are modifying conventional 

valves with special modular valves. 

 By modification of conventional valves we reduced the valves, pipes, hoses, space, leakages. 

 The maintenance and replacement is easier than the conventional valves in hydraulic system by using 

modular valves. 

 Due to the compact valve mechanism vibrations and noises are reduced by using modular valves. 

 After modification of the circuit the pressure drop will not lead to breakdowns of the in tailstock 

up/down. 

 When breakdowns are reduces productivity of the machine increases. 

 The main problem while replacing conventional valve with modular valves is we have to get  the 

required maximum force, operating pressure, volume of the cylinder flow rate area of bore for tailstock 

up/down hydraulics work clamping tailstock declamping. 

 Finally we got required maximum force, operating pressure, volume of the cylinder flow rate of bore for 

tailstock up/down hydraulic work clamping tailstock declamping.  

 

 SELECTION OF ELEMENTS 

 Pump Motor Assembly 

Pump: Gear pump, Maximum delivery=12.1 LPM, Required flow=11 LMP, Max. operating pressure=95 bar  

Motor: Revolution rating =2790 rpm, Power developed=1.1 KW, Nominal voltage= 3phase-400v, 50 Hz, 

Model code: K A 222SKDT/Z 6, F 
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Reservoir: Reservoir capacity=40 L, Model code: 40 AM-40-01 

Pressure Reducing Valve: Max. Flow=22LPM, Max. Pressure=500 bar, Model code: NZ16CZ 

Pressure Switch: Electronic pressure switch with two switch points, Max. Pressure=400 bar, Model code: 

DG61R 

Pressure Relief Valve: Max. Pressure: 75 bar, Model code: A38/75 

Pressure Gauge: Model code:  9/100 

4/3 Directional Spool Valve: Max. flow: 25LPM, Max. pressure: 315 bar, Model code: SWPN 2W-24 

4/2 Directional Spool Valve: Max. flow: 25 LPM, Max. pressure: 315 bar, Model code: SWPN2W-L-24 

4/2 Directional Seated Valve: Max. flow: 25LPM, Max. pressure: 315 bar, Model code: SWPN2W-L-24 

Manifold Block: Max. pressure: 400 bar, Max. flow: 20 LPM, Model code: BA 2/0 

Flow Control Valve: Max. flow: 50 LPM, Max. pressure: 500 bar, Model code: NZPQ22 

Suction Strainer: Max. flow: 40GPM, Filtering capacity: 150 microns, Model code: IND-STR 90G 

Oil Filter/Breather: Model code: FB 700-TT-40 

Drive Coupling: Model code: L100 

Oil Level Indicator: Model code: 127-AB-31-21 

Accumulator: Diaphragm type hydraulic miniature accumulator, Max. pressure: 100 Bar, Max.gas filling 

pressure: 90 Bar, Max. volume: 1.95 dm³, Model code: AC2001/27/3A 

End Plate: Max. flow: 20LPM, Max. pressure: 400Bar, Model code: BA2-2 

Fittings: Model code: X-84G 

 

CALCULATIONS: As per given design 

i. Tailstock up/down:  Cylinder bore = 63 mm, Piston = 25mm, Stroke = 310mm, Speed of travel = 6 sec 

ii. Tailstock De-Clamping: Bore =130 mm, Stroke =6 mm 

iii. Hydraulic Work Clamping: Bore =150 mm, Stroke =20 mm,  Tailstock Up/Down, Operating pressure, p 

= F/A=6867/31.17×10−4 =2.2×106N/sq. m 

Volume of cylinder, v = Area × stroke=31.17×10−4×300/1000=9.627×10−4𝑚3/𝑠𝑒𝑐 

Flow rate, Q = A × V =31.17× 10−4 × 300/1000 =1.55× 10−5 𝑚3/𝑠𝑒𝑐  

Hydraulic Work Clamping: Max. force, F =39240 N, Outer diameter of piston, D =0.15 m, Piston rod 

diameter, d =0.045 m, Stroke =0.02m, Effective Area, A = π/4× (D²- d²) = π/4× (0.15²-0.045²)= 0.01608 m² 

Operating pressure, P =F/A = 39240/0.016082 = 2.44×106 N/m² 

Volume of cylinder, V = 0.01608×0.02 = 3.2164×m³ 

Tailstock De-clamping 

Cross sectional area of cylinder =π/4×d² =π/4× (0.13²) = 0.013273 m³, Stroke = 0.001 m 

Volume of cylinder = Area × stroke = 0.013273 × 0.001 = 1.3271×10−5m³ 

Operating pressure = 2.45×106 N/m²  

Flow rate = 1.66×10−4 m³/sec 

Volume of oil =8.48×10−3+9.627×10−4+3.21×10−4+1.32×10−5 =9.77×10−3 m³ 

Motor Calculation 

Maximum pressure, P =2.94×106 N/m² 

Maximum delivery, Q =1.66×10−4 m³/ sec 

Power required, P = (P×Q×10)/(102×60) = (30×10×10)/ (102×60) = 0.5 KW 
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Assuming over efficiency, η =70% 

Power required, P =0.5/0.7  =0.714 KW 

 

IV.  RESULTS 

 Results for conventional hydraulic model 

a) Tailstock:  Maximum Clamping Force =6867 N, Area of Bore, A=31.17×10−4 m², Operating pressure, P 

=2.2×106 N/sq.m, Volume of cylinder, V= 9.667×10−4 m³, Flow rate, Q =1.55×10−5 m³/sec 

b) Hydraulic Work Clamping: Maximum force, F=39240 N, Effective Area, A=0.01608 m², Operating 

pressure, P =2.44×106N/m², Volume of Cylinder, V =3.2164×10−4 m³ 

 c) Tailstock De-clamping: Cross section area of cylinder =0.013273 m², Operating pressure = 2.45×106 N/m², 

Flow rate =1.66×10−4m³/sec, Volume of oil =9.77×10−3 m³ 

5.16.2 Results for Modular Design Hydraulic Model 

a) Tailstock: Maximum Clamping Force =6867 N, Area of Bore, A =31.17×10−4 m², Operating Pressure, P 

=2.2×106 N/sq.m, Volume Of cylinder, V =9.667×10−4 m³, Flow Rate, Q=1.55×10−5 m³/sec 

b) Hydraulic Work Clamping: Maximum force, F=39240 N, Effective Area, A= 0.01608 m², Operating 

Pressure, P=2.44×106N/m², Volume of cylinder, V=3.2164×10−4m³ 

c) Tailstock De-Clamping: Cross sectional area of cylinder =0.013273 m², Operating Pressure =2.45×106 

N/m² 

Flow rate =1.66×10−4 m³/sec, Volume of Oil =9.77×10−3 m³ 

 

V.  DISCUSSION 

For tailstock upward or downward movement the maximum clamping force, operating pressure, volume of 

cylinder and bore area of a conventional hydraulic model is same as that of a modular design hydraulic model. 

Similarly, the maximum force, operating pressure, cylinder volume and effective area for a hydraulic work 

clamping and flow rate, operating pressure, volume of oil and cross sectional area of cylinder for tailstock de-

clamping remains same for both conventional hydraulic model and modular design hydraulic model. 

Thus, it is clear in spite of changing piping design into modular design, tailstock up/down movement, job de-

clamping and tailstock clamping can be achieved. Thus it can be said that the conventional valve and piping 

system can be replaced with modular stack valves system without change in other components and 

parameters. Modular design has many benefits such as drastic reduction in the process time and easy repair 

and replacement and/ or addition of new modular components to the hydraulic system. 

 

VI.  CONCLUSION 

The key objective of our paper is to increase the operation productivity using modular valve hydraulic 

system.To achieve this, some of the operations such as, the movement of the hob head slide and tall stock and 

clamping and unclamping of the hob head gear bank on the respective heads, that are corrected out in the 

H400 machine with the conventional hydraulics system involves the frequent maintenance with prolonged 

manual procedure and frequent changes of tools and job.  Whereas by implementing the modular hydraulics 

system leads to lower maintenance needs and higher efficiency of the machine and also a compact hydraulic 

system which saves time during operation in case of break and regular maintenance. 

Implementing modular design also leads to the simplification of the hydraulics system and reduces 

construction and replacement times since various elements and also sub-assemblies are easily available. Any 

extra element can also be added if required at a later date as arrangements are provided for additional 

elements. 
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