
International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 21 (2018) pp. 15284-15289 

© Research India Publications.  http://www.ripublication.com 

15284 

Statistical Analysis of the Pressure Profile Variations of Hydraulic Circuit in 

CNC Machine 

 

Ramesh. S1*, S. Denis Ashok1, Shanmukha Nagaraj2 

1 School of Mechanical Engineering (SMEC), VIT University, Vellore-632014, India. 
2 Department of Mechanical Engineering, R V College of Engineering, Bangalore, India. 

 

Abstract 

The analysis of the hydraulic power pack is important, so that 

we can reduce the energy losses, increase the performance and 

design the system in such a way that it will meet our 

requirement. The present hydraulic systems are more energy 

consuming; this is because the hydraulic motor running at 

constant rpm results in pumping extra oil. This leads to 

unnecessary flow of oil through the circuit and heats up the oil 

which in turn reduces the viscosity of the oil. Also, reduction 

in energy consumption, reduction in noise as well as cost 

effectiveness of the hydraulic system is of great importance in 

present day machinery design. Based on the pressure 

requirement, the hydraulic power pack can have one pump or 

two pumps. This requirement of pumps (i.e., either single 

pump or dual pump) can be obtained by analyzing the 

pressures required in the cylinder. Every industry aims low 

cost and high reliable hydraulic system, which consume less 

power and has lower energy losses. Hence to carry out task it 

is required to setup up actual working profile for the machine 

and its pressure characteristics for the complete working 

cycle. A dynamically compatible pressure profile was 

generated that was achieved by using variable frequency drive 

to the constant speed motor. The basic pressure profile was 

generated using the pressure variation in the cylinder for the 

various applications like clamping and automatic tool 

changer. The simulation was carried out in automation studio 

for both hydraulic circuits with and without VFD and are 

studied using mathematical model provided. 
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INTRODUCTION 

In present day scenario, the consumption of energy is to such 

a level that if the same trend continues then after some time in 

the future the sources of energy will get exploited. 

Conservation of energy in a hydraulic power pack is nothing 

but reducing the amount of energy which is being consumed. 

In order to reduce the consumption of energy much 

experimentation are carried out and incorporation of variable 

frequency drive is one among those. 

Variable frequency drives coupled with induction motors of 

constant speed is a solution to control the fluid flow and the 

system pressure. Using such combination has several 

advantages such as energy economy, ease of control, easy to 

maintain compared to traditional ones. 

 

Figure 1: Hydraulic power pack 

 

HYDRAULIC POWER PACK 

Hydraulic power pack comprises the prime mover, pump, 

variable frequency drive reservoir, pressure relief valve etc. 

The fluid from the reservoir passes through a filter, where 

foreign particles are removed. The prime mover is usually an 

electric motor, which supplies the necessary mechanical 

power to drive the pump. The pump in turn supplies the 

required input power to the fluid to convert it into hydraulic 

power. Basically, the pump increases the pressure of the 

confined fluid by continuous pumping operation. 

Hydraulic power pack in CNC machines is used for various 

applications. Some of them include: Tool clamp / de-clamp 

operation, Pallet clamp / de-clamp operation, Hydro motor for 

arm rotation or turret rotation, Automatic Tool Changer, 

Rotational axis clamp / de-clamp operation. 
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Existing Hydraulic Power Pack circuit 

Figure 2 explains the schematic representation of the existing 

hydraulic circuit used by machine tool manufacturers. 

 

Working of Hydraulic Power Pack: (Cylinder is in motion) 

Piston moves when the DCV is switched in either direction. 

When the system is actuated, the hydraulic oil flows into the 

cylinder from DCV, which induces a drop in pressure. 

Constant oil flow is obtained as the motor runs at constant 

rpm. A very small fraction of oil flows to the reservoir via 

PRV while rest of the oil is used in moving the actuator. 

Hydraulic kit is used for the experimentation purpose to study 

the feasibility of the motor coupled with VFD for the 

applications of clamping and operation of automatic tool 

changer in a CNC machine. For the experiment to be 

conducted, it was essential to create an actual working profile 

for the machine and its pressure characteristics during the 

working cycle. The pressure variation in the cylinder for the 

different applications like clamping pressure and automatic 

tool changer are presented in the figure 1.  

 

 

Figure 2: Existing hydraulic Circuit [16] 

 

Pressure inside the cylinder depicts the improvement of 

working and the respective forces on the cylinder. Function of 

the pump is to supply oil to all the components of the machine 

and not just the work tool driven by the cylinder. It also has to 

respond to all the change in loading conditions such as 

clamping forces, automatic tool changer etc. Pressure 

requirements vary depends upon the application as shown in 

Figure 3. 

Problems with the existing Hydraulic Circuit  

• The present hydraulic systems are more energy 

consuming. 

• Hydraulic motor running at constant rpm results in 

the extra oil being pumped to the reservoir via 

pressure relief valve. 

• Oil flow through pressure relief valve during 

clamped position. 

• Oil temperature increases in the reservoir. 

 

Figure 3: Variation of pressure based on application 

 

 

Figure 4: Hydraulic system accommodated with hydraulic 

power pack 

 

The pressure variation plots can be obtained by using the 

following formulae: 

 The movement equation for the piston is; 

 

 By using the mass conservation equation, the inflow 

and the outflow from the chamber can be written as; 
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 The effect of pressure on the control orifices; 

 
 Using total flow coefficient, the flow through 

working ports is given as; 

 

 

OBSERVATION AND ANALYSIS 

The following are some of the simulations of pressure profile 

variations in the hydraulic power pack: 

Normally, it is used for clamping. 

 

Pressure – profile variations: 

When pressure port P is connected to the port A of the 

actuator and port B is connected to the tank port T. 

 

Figure 5: End of extension stroke 

Piston Pressure and Pressure in the system (Indicated by 

pressure gauge) increases to maximum set pressure of 50 bar 

once the piston reaches to rod end position. 

This indicates further flow of oil is not required into the 

cylinder as the cylinder is used for clamping application. But 

constant speed motor running at 1500rpm and helps pump to 

draw oil from tank and returns through pressure relief valve 

this increases the oil temperature. 

 Blue line explains that piston pressure reaching to set 

pressure of 50 bar. 

 Red line indicates that pressure is the system 

reaching to maximum set pressure of 50 bar. 

 

Figure 6: Starting of the retraction stroke 

 

Figure 6 shows that the pressure in the system (piston pressure 

and system pressure) reaches to maximum set pressure of 50 

bar from zero pressure once the extension stroke is completed 

and once the retraction stoke begins pressure instantly drops 

to zero pressure from 50 bars. 
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Figure 7: At the start of extension stroke 

 

Figure 7 explains that the system pressure and the rod side 

cylinder pressure gradually increase to set pressure of 50 bar as 

the extension stroke starts and shows constant nature in the 

second position of DCV. In the third position both the pressures 

drop to zero bar.  

The simulation of pressure profile variations in the hydraulic 

power pack, when it is used for automatic tool changer [ATC] is 

as follows: 

 

 

 

 

Figure 8: At the end of extension stroke 

 

Figure 8 graphs explains that as the piston completes its 

extension stroke, the main line pressure rises to the cutoff 

pressure of 20 bar and return line pressure reaches zero bar. 
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Figure 9: Starting of retraction stroke 

 

Figure 9 explains that the system pressure in the main 

pressure line gradually increases to the cutoff pressure of 20 

bar in the third position of the direction control valve i.e. 

retention stroke and then remains at the constant pressure till 

the piston reaches the end position. Once the end position is 

reached no further flow takes place and the pressure reduces 

to zero bar. 

 

CONCLUSION 

A dynamically compatible pressure profile was generated that 

was achieved by using variable frequency drive to the 

constant speed motor. The simplified pressure profile was 

generated using the pressure variation in the cylinder for the 

various applications like clamping and automatic tool changer 

simulated using automation studio software and they are 

studied using the mathematical model provided. The pressure 

profile variations in the cylinder for clamping operation and 

the operation of automatic tool changer, for extension and 

retraction strokes are obtained and studied. 
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