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Recent developments on actuator in the field of mechatronics leads to
customization of various applications such as precision movement of robot
arm or position control either in hardness testing machine or removing a
work piece from conveyor. The design of stepper motor provides a constant
holding torque without need for the motor to be powered & provided that the
motor is used within its limits, positioning error don’t occur, since stepper
motors have physically predefined stations. This communication provides the
different dynamic performance analysis of two phase bipolar permanent
magnet hybrid stepper motor under no load, rated load & overload conditions
along with modelling Leadscrew. The model implemented using
Matlab/Simulink tool and the results analyse operating conditions for the
stepper motor. The angular & linear displacement of Leadscrew are
controlled by the actuator. The performance characteristics of lead screw are
good with theoretical aspects.
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Introduction:

Mechatronics systems employ actuators or drives
that are part of physical process being monitored and
controlled .Actuation is the result of a direct physical
action upon the process, such as removing a work piece
from a conveyor system or auto control system for
green house temperature [3].Stepper motor are different
from others in such a way that they perform on discrete
control pulses & rotate in discrete steps for which they
are employed in industrial applications. Leadscrew are
used either for transmission of power or transmission of
force.

This paper reports the transient behaviour of two
phase hybrid stepper motor as well as operating
conditions with respect to various loads. The main
objective is to control the movement of Leadscrew at its
input as well as output which describes the dynamic
behaviour of Leadscrew by the application of force or
torque actuated by the stepper motor. Firstly we have
designed the stepper motor through its different aspects.
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In this design we have implemented a driver circuit to
control the stepper motor at no load, rated load &
overload conditions. Then we have introduced
Leadscrew mechanism to the design and the operation
is analysed. It is found that by the application of stepper
as actuator to the Leadscrew, the characteristics of it
discussed &the observations hold good with the
theoretical views.

Modelling of Stepper motor:

Stepper motors find applications as an electric
actuator, which can be interfaced with a computer &
can be controlled for rotation at a very small angle or a
precised determined speed. These are the reasons for
which in mechatronics systems stepper motors are
gradually replacing conventional A.C. & D.C. motor in
many cases. The stepper motors have salient pole stator
having a number of identical concentrated windings,
one to each pole, are either permanent magnet or
variable reluctance type. Here we have used the so-
called hybrid or inductor type permanent magnet
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stepper motor. In PM type stepper motor, rotor is the
permanent magnet with a number of poles. The motor
consists windings being two each split into two
identical halves. [4]

Each winding split into two halves named as J1, J2
& J3, J4 for the first and second winding respectively.
The windings are excited by constant d.c. voltage G and
direction of current through winding can be set by
switching four switches P1, P2, P3, P4 as shown in
fig.1.1f P1 & P3 are closed, the current flows from J1 to
J2 while closing the switches P2 & P4 sets the direction
of current J2 to J1.The similar principle operation can
be stated for the second winding through P5,P6,P7 &
P8 switches as shown in fig.2.When one winding will
be energised, the other winding will not be energised
,as a result the moving permanent magnet will align
itself along with stator poles. The rotor magnet will
move by an angle of 45 degree & align itself with
resultant magnetic field produced with respect to the
polarities of stator poles. The hybrid stepper motor can
provide small step angle in the range of 0.50 to 1.8
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Fig. 1: Switching sequence of one winding of stepper
motor
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Fig. 2: Switching sequence of second winding of
stepper motor

When one step pulse is applied to stepper motor,
the rotor behaves in a manner shown in curve. The step
time t is the time it takes the motor shaft to rotate one
step angle once the first step pulse is applied. The step
time is highly dependent on torque to inertia (load) as
well as the type of driver used.

Since the torque is function of displacement it
follows that acceleration will also be. Therefore moving
in high step increments a high torque is developed &
consequently high acceleration. This can cause
overshoots & ringing. The settling time T is the time it
takes theses oscillations to cease. It is possible to reduce
this phenomenon by micro stepping the stepper motor.
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The comparison between the stepper, DC & servo
motor are given in table.1.

Table-1: Comparison between actuators

1. DC motor 2. SERVO motor 3. Stepper
Motor

4. FAST 5. FAST, high torque 6. Slow

7. Continuous 8. Accurate Rotation 9. Precise

Motors with Limited Angle Rotation

10.  Used 11.  Complicated 12. Ea

for anything setup with pwm sy setup &
that needs ata tuning. Suited for control.
high rpm e.g. robotic arms /legs Suited for
Car wheels, etc. position
fans etc. control,
3d printers
etc.

The block for the stepper motor control is shown in
fig.3.

|nput Driver

Actuator

Fig. 3: Block diagram for controlling stepper motor

The electromagnetic torque equation for the PM stepper
motor is given by the equation-1[1].

T, =—kxixsinfxAd) @
Where
T, =electromaggetictorquein N —m
k =tor queonstant
i =phasecurrenin A
r =numbeof rotorteeth

A6 =rotoranglein rad

The model for the two phase hybrid stepper model from
MATLAB-Simulink library in which observations are
taken is shown in fig.4 [7].

Load torque

- e
= =]
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e
—= . A7 :
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Discrete,
Ts=1e-06s.

Fig. 4: Two-phase Hybrid Stepper motor model in
Simulink
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The signal builder block provides two signals named
as STEP & DIR which enables or disables the actuator
rotation & direction of rotation respectively. The driver
control circuit consists a comparator & PWM converter
which are supplied by 28v DC supply [5]. The stepper
motor parameters according to Simulink are given in
table.2.

Table: 2. Actuator parameters

Parameters Values
Winding inductance  1.4e-3H
Winding resistance 070

Step angle 1.8deg

Max. flux linkage 0.05Vs

Max. detent torque 0.002N-m
Total inertia 1.2e-7kg.m.m
Total friction 1le-7*1000

Modelling of Leadscrew:

Lead-screw drives are often wused in high-
performance linear motion systems because they
provide a transmission with a relatively high stiffness
and an inherent drive reduction. Mechatronics
environments demand effective linear motion control
systems such as lead screws and ball screws. Although
lead screws are seen as less expensive substitutes for
ball screws, making a decision on which type of screw
to use is a lot more complicated than focusing on cost.
The Leadscrew used as alinkage in a machine to
translate rotary motion into linear motion. Because of
the large area of sliding contact between their male &
female members, screw threads have larger frictional
energy losses compared to others. They are not
typically used to carry high power, but more for
intermittent use in low power actuator and positioner
mechanisms [6].

The Leadscrew model taken here has the
parameters according to Simulink: displacement per
revolution is 0.015mm, screw helix type is left hand.
For simulation is done with assumption zero viscous
frictional losses. The Leadscrew in Simulink is shown
in fig.5.

Configuration

L¢ Mechanical
Q\J(( Rotational Refarence

displacement

Fig. 5: Leadscrew with additional couplings
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Simulation and Result:

The stepper motor model shown in fig.4 is
simulated at no load condition, rated load i.e.0.3N-m &
overloaded condition i.e.0.4N-m.The simulation is
shown in fig.6, fig.7 & fig.8 for the no load, rated load
& overload respectively. The observations are given in
table.3 & table.4 for the no load & rated load
respectively. Initially motor runs at no load & by
gradually increasing the load it is found that no rotor
movement is achieved at the overload.

The Leadscrew arrangement shown in fig.5 is
connected to the output of stepper motor through some
coupling elements such as Simulink PS converter,
unidirectional clutch and velocity source. The
displacement taking place at the both input & output of
the Leadscrew are measured though rotational motion
sensor & translational motion sensor respectively. From
fig.7 & fig.9 it is concluded that the lead screw acts as a
zero order instrument.The Leadscrew with stepper
motor is shown in fig.9.

Fig. 6: Transient behaviour of Stepper motor without
load
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Fig. 7: Transient behaviour of Stepper motor at load
0.3N-m.
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Table: 4. Observation at rated load condition

Input Signal Signal Speed  Rotor Rotor
Timing w(rad Angle Direction
(Sec) /s) (deg)

.'I.‘I‘.."l r.l'l'l'l'l' .I'Il_llllllllllll Step DlR
g SR 1 1 0to 0.1 2000 0to87  forward

0 0 0.1t00.15 0 87 forward
1 0 0.15t00.2 200 87-42 Reverse

Fig. 8: Transient behaviour of Stepper motor at load
0.4N-m.
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Fig. 10: Angular movement at the input side of
Leadscrew
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Fig. 11.Linear movement at the output of Leadscrew

:

The movement of Leadscrew with respect to the stepper
motor output shown in fig.10 & fig.11.

Fig. 9: Modelling of Leadscrew with stepper motor Conclusion and Future Work:
From Table.3, it is found tha_t the motor achieves the This paper takes a case study of stepper motor and
speed of 200 rad/s & moves with an angle 0° to 87°, defined the different operation with respect to load &
Table: 3. Observation at no load condition input signal. It is found that at overload condition there
is no rotor movement in the actuator as the load is
Input Signal Signal Speed  Rotor Rotor greater than the electromagnetic torque. The movement
Timing  w(rad Angle Direction 0f Leadscrew with respect to the actuator loaded
(Sec) /s) (deg) conditions found good according to theoretical aspects.
Step  DIR At the input side of Leadscrew there is angular
1 1 0to 0.1 200 0Oto87 forward movement for which there is a linear movement at the
0 0 0.1t00.15 0 87 forward output side of it which is being proportional to the

1 0 0151002 200 87-42 Reverse ccwatormovement
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In future we can improve the performance of the
stepper motor by varying the parameters along with

reluctance stepper motor. The

Leadscrew with frictional variables will be introduced
& the behavior will be observed.
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