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Abstract:The speed control of two mass drive systems is presented in this paper. For the purpose of analysis, Pl,
Linear Matrix Inequality controller and Internal Model Controller are chosen. Tuning of PI controller is achieved by
Zeigler Nichols method, whereas the LMI and IMC are adapted with the conventional method of tuning. The various
simulations are carried out in order to analyze the performance index of these controllers and to fix the best
controller, and the results are compared.
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I. INTRODUCTION

The idea of drive systems is used by most processing industries, such as paper mills, textile mills and elevator control
mechanisms, which means that a motor has been linked via a shaft to a load. These implementations are commonly
known as electro-mechanical system [1]. It is noted that the system's electrical energy will rotate the mechanical shaft
parts that will drive the attached load at the end of the shaft. In the case of two mechanical coupling mass drive
systems, the two individuals, motor and load, are connected, so the load will appear to rotate with the motor. But,
because of its non-linear behaviour, it is basically extremely difficult to achieve this synchronization [2] - [3].
Because of the long shaft between the motor and load for its mechanical coupling, this form of nonlinearity will
occur in two mass drive systems, there is sure to be a speed difference between them. The speed oscillations
between the motor and the load result in a decrease in the efficiency of the output and in the stability of the system.
And because of the coupling shaft stresses, it also negatively influences the coupling. For nonlinear systems,
stability needs to be precisely described, [4]. Therefore, special control techniques have to be investigated and
improved to obtain the stable system and to improve performance.
The use of the Linear Matrix Inequality Controller is part of the implementation process. LMI's controller
architecture is based on mathematical derivation. This requires the conversion process of the transfer function to
variables of the state space. Then the ultimate process for the controller is to find the benefit. The Algebraic Riccati
Equation (ARE) could be used to measure this benefit. In the LMI controller, the PI controller is used. With the
assistance of the Zeigler Nichols system, this PI controller is tuned. The mathematical derivation also describes the
Internal Model Controller. The mathematical derivation involves the method of decreasing the function of higher
order transfer to the function of first order transfer. This process is called as half rule method. The conversion of the
domain is then done with the help of a reduced first order equation using the pulse transfer function. The s-domain
transfer function is converted to z-domain transfer function.

For the purposes of selecting the best controller for the two mass drive systems, the simulated results are then
determined. This is chosen by means of index of the controllers.

The organization of the rest of the paper can be described as follows in [11] process dynamics, and [111] controller
implementation, continues with [1\VV] simulation results and [V] conclusion of the work.

Il. PROCESS DYNAMICS

The characteristics and functions of the plant actually depends on the process's dynamics. A proper analysis of
plant dynamics can lead to the rise of a better model for the process in concern [2] - [3]. The schematic
representation of two mass systems has been given in Fig. 1. The load (M2) that also has the same M1 specification
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is driven by Motor 1 (M1). The parameters of the process involved in two mass drive systems are given as notation
and described below.

Jm - Moment of inertia of motor (kg-m?)

Jd - Moment of inertia of load (kg-m?)

1= W1- motor speed (rad/s)

w2 =W>- load speed (rad/s)

Te=Te - motor torque (N-m)

Ts=Ts - shaft torque (N-m)

=T - load torque (N-m)

Kmg - stiffness constant

I(md

Fig. 1. Schematic diagram of Two-Mass System
Moment of inertia of motor and load, shaft stiffness were considered as constant values. It is identified that there
are three state variables [2] are involved in plant dynamics namely speed of Motor w1 and load ®2, Shaft Torque 1s.
Based on state variable the state equations have been formulated and it is given below.
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From above equations it is clearly mentioned that the state of the system depends on motor speed, load speed,
motor torque, shaft (torsional) torque, disturbance torque, mechanical time constant of the motor, mechanical time
constant of the load and the stiffness time constant [1], [2] - [3].
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Fig. 2. Block diagram representation of two mass system with its dynamics

Fig. 2 reflects, with its dynamics, the block diagram representation of two mass systems. As the control input to the
system, the electromagnetic torque of the motor is used and the angular velocity of the motor is taken from the
system as the output[2]. The electromagnetic torque of the motor drives the shaft-linked load. Generally, this mixture
is known as the electromechanical system[3].

As damping losses are typically considered to be relatively low, they are ignored without affecting the
simulation analysis significantly[12]. Furthermore, in the simulation analysis, nonlinear parts of the actual drive
system, such as backlash, mechanical hysteresis and nonlinear friction, were not taken into account.
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For further simulations, the arrival state model is known as a plant model. Implementation and review of the
controller was performed on the related plant model.

111. CONTROLLER IMPLEMENTATION

In process sector applications, the controllers play the main role. In the device, the controllers will make the
process run in the anticipated area. The deviation occurs in the process due to external and internal disturbances of
intent and non-intention, causing the system to have different problems and sometimes making the environment
treacherous. Different controllers are introduced to the given electromechanical system[12]-[13] to avoid this
uncertainty and make the system operate in stable conditions.

Not only does the implementation of the controller end with the selection of the correct controller, but it is based
on the tuning method for the chosen controller. In this work, Pl, LMI and IMC controllers were introduced by
adapting Ziegler Nichols and traditional tuning methods to two mass drive systems.

A generic control structure that obeys the loop feedback control mechanism is a proportional integral
controller[12] and is often followed in industrial control systems. The structure of PI control is given in the equation
below (4)

t

u(t)= MV ()= K pe(t)+ K; [ e(thaT @)
0]

"As the difference between a measured process variable and a target fixed point, a Pl controller calculates a
"error" value. By changing the process control inputs, the controller attempts to mitigate the error. The Ziegler
Nichols tuning method has set optimized controller gain values such as Kp and Ki

Clearly, in process industry applications, the Pl controller offers better control efficiency and is used as a common
benchmark controller to analyze various control systems. LMI and IMC controllers have been introduced and results
will be compared with benchmark controllers in order to achieve maximum control efficiency greater than the PID.

Set
Load
point Error Motor speed o q
e PI controller Two mass ﬂi
drive system
Motor speed

Fig. 3. Block Diagram of Two-Mass Drive System using PI controller

The Linear Matrix Inequality Controller has been introduced and the benchmark controller will be compared with
the results. LMI has less peak overshoot as an advanced controller and hence becomes a benefit for the controller.
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Fig. 4. Block diagram of Two-Mass Drive System using Linear Matrix Inequality controller

The improvement of the proposed controller, namely the LMI controller, is given with the help of feedback gain in
the generalization and accompanied by the tuning of the PI controller[5]. The gain in feedback is calculated by the
aid of the Algebraic Riccati Equation (ARE) and the gain measurement. The ARE is conferred by

ATP + PA—PARIBTP + Q=0 ()
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The required matrix could be found in the implementation of this Algebraic Riccati Equation and after this the
gain is determined by the following,

K=R1*BT*p (6)

Then the formula calculates the gain and then the PI controller is tuned with the help of the Ziegler Nichols
method and the response is obtained for the LMI controller.

The Internal Model Controller is designed with the help of the principle of the internal model, which states that
control can only be achieved if the control system en-capsulate some representation of the process to be controlled,
either implicitly or explicitly. The design process begins with the process of deriving the pulse transfer function of
the two mass drive systems for the transfer function. The pulse transfer function is then factorized into two distinct
parts, i.e., invertible and non-invertible parts. With the help of the first order filter tuning parameter, this is followed
by deriving the Gimc(z). The simulation is then completed and the reaction is collected.

Set
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point Error Motor speed o d
* 9 IMC Two mass spee
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controller drive system
Motor speed

Fig. 5. Block diagram of Two-Mass Drive System using Internal Model controller

IVV. SIMULATION RESULTS

Conventional PI controllers, Linear Matrix Inequality controllers and Internal Model Controllers have studied the

performance of the model system. The output index of these controllers is determined and the values are compared to
the LMI controller's characteristics.

The PI controller is tuned to give the best output here. The optimized values of Kp, Ki gain were determined
using the tuning technique of the closed loop Ziegler-Nichols. The efficiency of two PI controller mass drive systems

is shown in Fig. 6. It is important to remember that the synchronization between the engine and the load is perfectly
accomplished using the PI controller.
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Fig. 6. Response of two mass drive system with P1 controller

The conventional tuning method of the LMI controller has been tuned and the result is shown in Fig. 7. From the
answer, it is clear that in the case of two mass drive systems, the maximum peak overshoot is less, which is the key
index to be discussed.
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Fig. 7. Response of two mass drive system with LMI controller

Using the conventional tuning method, the IMC controller was tuned and the result is shown in Fig. 8. It is clear
from the reply that the controller is better than the LMI controller and the PI controller. Therefore, the IMC's
response using the two mass drive systems shows no overshoot.
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Fig. 8. Response of two mass drive system with IMC controller

The performance index is mandatory for analysis of the performance of the controller. The following output
indices, namely Settling Time, Rise Time, Peak Time and Peak Overshoot, are evaluated here to define the nominal
conditions of the controller.

TABLE |
COMPARISON OF PERFORMANCE INDEX VALUES

Parameters Pl LMI IMC
Settling time (sec) 250 440 70
Rise time (sec) 135 140 -
Peak time (sec) 30 200 -
Peak overshoot (%) 82.3 10 No

Table 1 shows that the values for the different performance indices are 1000 rpm for the PI, IMC and LMI
controllers when the set point reference is set. By identifying the appropriate controller for the process, the goal of
this work converges to one point. This can be achieved by comparing the IMC and the controller with the standard Pl
and LMI controller benchmarks. IMC is satisfied with the results. In this respect, the LMI has only 10 percent peak
overshoot and IMC has no peak overshoot. The peak overshoot is certainly the main index to be addressed in the two
mass drive system. IMC is better than the other controllers with reference to the other parameter specifications. The
Internal Model Controller is therefore the most appropriate one for the two mass drive systems.

V.CONCLUSION

This paper focused on the implementation of controllers for two mass drive systems. The plant model was
obtained and a number of simulations were performed using PI, LMI and IMC controllers on that model. For PI,
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LMI and IMC, Zeigler Nichols tuning and conventional tuning methods were respectively implemented. In order to
identify and fix better controllers for two mass drive systems, the objective then converges. Compared to Pl and IMC
controllers, the controller performance indices and the performance index of the LMI controller were then
calculated. It is concluded that LMI is a deserving controller that provides two mass drive systems with satisfied
performance in both transient and steady state behavior. In the manufacturing and real-time implementation of two
mass drive systems, this modeling study and its simulation results may be used. In the two mass drive systems, the
study can be extended to design controllers with various disturbances such as shocks, vibrations, torsion, etc.
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