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Abstract: The performance analysis of motor drives for feed drives in Computer Numerical Control (CNC)
machines plays a pivotal role in enhancing the efficiency, accuracy, and reliability of machining operations.
This study presents a comprehensive analysis of the motor drive system employed in CNC machines, focusing
on its key parameters, such as speed control, torque response, and dynamic behavior. The research
methodology involves both theoretical modeling and experimental validation to evaluate the performance of
the motor drive under various operating conditions. Mathematical models are developed to describe the
dynamic behavior of the motor drive system, considering factors like load disturbances, friction, and
nonlinearities. Furthermore, simulation studies are conducted using advanced control algorithms to optimize
the performance of the motor drive and minimize errors during machining processes. The effectiveness of
these control strategies is assessed through simulations and practical implementations on CNC machining
platforms.
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I. INTRODUCTION

Computer Numerical Control (CNC) machines have revolutionized the manufacturing industry by enabling
precise and automated machining processes. Central to the operation of CNC machines are the feed drives,
which control the movement of cutting tools along multiple axes with high accuracy and repeatability. The
performance of the motor drive systems in these feed drives is critical for achieving optimal machining results.
The performance analysis of motor drives for feed drives in CNC machines is essential for understanding and
improving their efficiency, accuracy, and reliability. This analysis involves evaluating various parameters
such as speed control, torque response, dynamic behavior, and energy consumption. By comprehensively
assessing these factors, manufacturers can optimize the design and operation of motor drive systems to
enhance overall machine performance.In this paper, we present a detailed investigation into the performance
analysis of motor drives for feed drives in CNC machines. We aim to explore the key challenges and
opportunities in this domain, shedding light on current research trends, methodologies, and technologies
employed for evaluating and improving motor drive performance.

The paper is structured as follows: first, we provide an overview of the significance of motor drive
performance in CNC machining operations. Next, we review relevant literature and highlight recent
advancements in motor drive technology and control strategies. We then describe the methodology employed
for performance analysis, including theoretical modeling, simulation studies, and experimental validation.,
we present the results of our performance analysis, showcasing the impact of different factors on motor drive
performance and highlighting areas for improvement. These results are discussed in the context of enhancing
machining accuracy, productivity, and energy efficiency in CNC applications.
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II SIMULATION MODEL OF BLDC DRIVE

In many applications, BLDC motors are fed by Voltage source inverters for its easy and wide range of speed
control. The whole model of the BLDC motor impel is replicated using Simulink model and its seen in fig.
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Fig. Simulation model of BLDC drive

Speed control is obtained by the voltage control. A speed controller controls the DC voltage. Controlled DC
voltage is fed to the three-phase hex bridge inverter. The rotor and to generate back emf are found from the
pulse type sensors. This position decides the sequence of the switches to be triggered in an inverter. Inverted
voltage controls the speed to set speed.

III Results And Discussion

The reproduction comes about are seen under different working conditions, for example, an adjustment in
speed, change in stack, and so on., and the outcomes are displayed in this paper.

TABLE I MOTOR PARAMETERS

Stator Resistance )3
Rs) '
Stator inductance 8.5 mH
(Ls)
Flux Linkage 0.175
Vs
Moment of 0.008
Inertia (J) Kg.m?
Viscous Damping 0.001N. m.
) s
Number of poles 8
(P)

The speed-torque(N-T) response of BLDC drive system using PI controller for single set speed with variable
are exposed in fig. 5 and fig. 6 respectively.
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Fig. 5.Speed response of BLDC Motor by a PI controller for single set speed with a change in load.

Fig. 6. Torque response of BLDC Motor by a PI controller for single set speed with the change in load.
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The speed and torque curve of proposed drive system using PI controller for set variable speed with variable
load are shown in fig. 7 and fig. 8 respectively.

2500
PI

2000

1500 /
1000| [

500

SPEED (RPM)

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
TIME (SEC)

Fig. 7.Speed response of BLDC Motor drives using a PI controller for set variable speed with the change
in load.
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Fig. 8.Torque response of BLDC drives using a PI controller for set variable speed with the
change in load.

Fig. 9 and 10 shows the control of voltage to attain the set speed. Fig 9 shows the DC voltage control

produced by PI controller about change in change in speed. The controlled AC voltage is shown in figure
10.
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Fig. 10 Controlled AC voltage concerning change speed From the fig. 9 and 10, it is noted that voltage
is controlled concerning set speed, and it is raised to meet the load without the change in speed.

TABLE II

The performance for various speeds using the PI controller is tabulated in Table II.

CONTROLLER PERFORMANCE FOR VARIOUS SPEEDS

Conclusion:

Settling | Steady
Speed | Overshoot | point in | state
(RPM) | in % Sec error in
%
1500 1.7 0.14 0.0145
2000 |14 0.12 0.0125
2500 1.25 0.11 0.0109
3000 | 1.1 0.1 0.01

In this paper, the analysis demonstrates that the motor drive for the feed drive system meets the stringent
requirements of CNC machine applications. Its performance efficiency, reliability, dynamic response,
stability, and energy efficiency make it a suitable choice for precision machining tasks. Further research and
development may focus on fine-tuning specific parameters to optimize performance even further and meet
evolving industry demands. Overall, the study’s findings contribute to the ongoing advancement of CNC
machining technology and its applications in various industries.
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