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Abstract---In  every hospitals Patient handling equipment
Laparoscopic, high-quality pumps, centrifuges, infusion pumps,
insulin pumps, hemodialysis machines, compressors, respirators,
scanners, dental drills, precision surgical hand pieces, surgical robot
grippers, prosthesis and implantable devices (ventricular assist
devices, pacemakers, defibrillators, nerve stimulators, and so on) are
needed small electric motors. Electric motors are also very essential in
healthcare equipment, such as exercisers, wheelchairs, massage
machines, treatment machines, and so on. This research work focuses
on Laparoscopic device, in this device very compact DC motor is used.
In this research work the electrical and mechanical characteristics of
Compact DC motors are analyzed. The simulation work was done in
MATLAB simulation and results are discussed.

Keywords---DC motor, laparoscopic, mechanical, electrical
characteristics.

Introduction

The medical field has been transformed by the advent of robot-assisted surgery
into the operating room. These systems not only provide the benefits of traditional
Minimally Invasive Surgery (MIS), such as reduced patient trauma and recovery
time, lower morbidity, and lower health-care costs, but they also eliminate
surgeon tremor, reduce the effects of surgeon fatigue, and allow remote surgical
procedures to be performed. However, when compared to traditional MIS, existing
systems have flaws such as high cost, inability to use qualitative data, and lack of
hepatic input to the surgeon. These solutions have included the addition of
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sensors, such as strain gauges, to indirectly record the forces at the tool tip.
Researchers have also used sensors in the design of new laparoscopic
instruments or systems to incorporate force feedback. These designs have sensors
that are situated distance from the tool tip and measure the forces at the tip
indirectly or just measure one resolved force on the tool. A direct sensing method
for tissue characterization using pressure measurements normal to the surface of
the jaws has also been added. These approaches, however, are costly, non-
sterilisable, and non-modular, making them challenging to include into
laparoscopic instruments. While increasing the feedback gain several times might
eliminate friction in the mechanism, it would also cause in-exact forces to be felt
by the surgeon, making the overall system less transparent.

Speed-Torque Characteristics

A DC motor is defined by two torque parameters: peak torque and rated torque.
The motor can be loaded up to rated torque during continuous operations. This is
a short-term requirement, especially when the motor begins from a standstill or
accelerates. Extra torque is required at this time to overcome the inertia of the
load and the rotor itself. As long as the motor follows the speed torque curve, it
can provide increased torque up to maximum peak torque. The continuous torque
zone is maintained while the speed climbs to the maximum value of torque of the
motor, up to the rated speed. After exceeding the rated speed, the torque of the
motor drops. The stall torque is the torque at which the shaft is not rotating but
the torque is at its highest. The no-load speed is the motor's maximum output
speed. The voltage effectively controls the speed, which may be changed by
changing the supply voltage. PWM is commonly used to manage the voltage,
which results in a variety of torque/speed characteristics at the intersections of
continuous and intermittent operation.
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Figure 1 Speed-Torque characteristics

The speed torque characteristics of a DC motor are shown in the diagram below.
Heat transfer and temperature rise are commonly used to calculate the
continuous limit. Temperature rise or the maximum ratings of semiconductor
devices in the controller can determine the intermittent limit.
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Basic Block Diagram

The block diagram of DC motor driven Laproscopic device is shown figure 2. H-
bridge circuit will help to control the DC motor function of direction. Design
engineers will find that the combination of compact size, light weight, and low
power, as well as integration possibilities for pump and motor units in medical
devices, provides a perfect solution. They may now develop a more portable device
that delivers all of the performance their clients need in a smaller compact.

Power —>{ H-Bridge > DC Motor > Medical
supply device

\

Pulse control
for Bridge

Figure 2 Functional block diagram DC Motor Driven Laparoscopic device
The power supply was DC and the H-Bridge is used to control the motor direction
and also the speed of the rotor. Pulse Control Bridge will control the speed and all
the functions.
Brushed Direct Current Motor Modelling
The DC motor is a typical actuator in the Medical environment, and

understanding how to choose the MOSFETs that control it and their ratings, as
well as obtaining the desired behavior from the motor, is important.
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Figure 3 Motor armature equivalent circuits

A DC motor is powered by a 5 V DC voltage source. The armature circuit of a DC
motor can be considered while looking at its internal construction shown in figure
3.2. Its electric resistance (Ra), inductance (La), and back EMF are all included in
this (e). Also displayed are the rotor mechanical constants: motor torque (T), rotor
angle (0), and rotor inertia (J). Eq. 1 is obtained by considering these factors and
use circuit analysis techniques such as Kirchhoff's voltage law.

V=ixRo+L, o +e (1)
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V is the DC motor's input voltage, as well as the one supplied by the H-bridge,
which is made up of four MOSFETs arranged in two half-bridges to provide bi-
directional control.

The torque produced by the DC motor will be proportional to the armature
current and the motor torque constant KT if the magnetic field is assumed to be
constant. This is illustrated in Eq. 2 below:

T =ixK, 2)

As demonstrated in Eq. 3.3 below, the back EMF is proportional to the rotor
velocity d 6/dt and the back EMF constant K:

e=&x%=kxw (3)

Because the torque and back EMF constants are assumed to be equal, the
following equality can be used: KT = Ke = K. Knowing the motor constants may be
used to approximate the motor output torque and speed using the equations
above.

H-Bridge Theory

The H-bridge, also known as the full-bridge, is a four-switch electrical system that
can provide bidirectional current and reversible voltage across its load. When
running a motor, this feature comes in handy because it allows you to change the
direction of rotation and, if the application allows it, even utilize it as a generator.
This circuit is found in a variety of systems, including DC/AC inverters, DC/DC
regulators, and class-D amplifiers. The H-bridge is made up of two half-bridges
that are employed at the same time. The half-bridge can handle bi-directional
current but not reversible voltage, hence it's mostly utilized in single-direction
motor drive applications like oil pump motors and small fans.

Modes of switching

Pulse width modulation is the simplest and most popular approach to drive a DC
motor with an H-bridge (PWM). The MOSFETs are switched at a constant
frequency with a variable duty cycle control signal. This permits the average
voltage across the motor to change, allowing the rotor angular velocity to be
controlled. To achieve the desired voltage polarity, the MOSFETs in an H-bridge
can be switched in several sequences. Bipolar and unipolar modes are the most
common.
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Figure 4 Bipolar drive H-bridge switching

Two MOSFETSs can be turned on at the same time with the bipolar drive. Both Q2
and Q3 are turned on in the case of positive current (from node A to node B). Q1
and Q4 are switched on for negative current, whereas Q1 and Q4 are turned off
for positive current. The current direction is selected by turning on one or both of
the FETs while providing a voltage across the motor those changes between VDC
and -VDC, with an average value that depends on the duty cycle (§). To avoid
cross-conduction (or shoot through), which shortens the supply, a time delay,
known as dead-time, must be provided between the turning OFF of one pair and
the turning ON of the other pair. Instead, the unipolar drive scheme allows the
current to be managed by keeping one right-side MOSFET (Q2 or Q4) ON while
only switching one left-side MOSFET (Q3 or Q1). It allows for the reduction of
dead time, which minimizes the complexity of the driving circuit in its most basic
form. When the switching MOSFET is turned off, some current will be forced to
pass through one of the MOSFETs body diode for the same reason as in the
bipolar drive.
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Figure 5 Unipolar drive H-bridge switching
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Due to the magnetic field build-up in the motor, some current will continue to
flow during the delay phase, even though all devices are turned off, by
recirculation through the MOSFETs body diodes. If Q3 is switched on and Q2 is
turned on, electricity will flow through Q1's body diode when the former is turned
off. Q1 can be turned on while Q3 is turned off to reduce the loss produced by the
diode voltage drop. A proper dead-time constraint must be observed in this
scenario. The voltage across the motor will have an amplitude of just VDC, which
is one of the key differences with the bipolar drive scheme. As a result, the peak of
the ripple current through the motor is half that of the bipolar instance, resulting
in fewer motor losses.

Motor Characterisation and Constants

To simulate the behavior of the H-bridge controller, the motor characteristics had
to be extracted so that the rotor speed in the simulation matched those of the real
application for a given PWM duty cycle. The rotor dimensions were measured, and
the moment of inertia was calculated by fitting it to a cylinder using Eq. 4, where
m = rotor mass and r = rotor radius.

Moment of inertia | = %mr2 (4)

The rotor was found to weigh 220 g and have a radius of roughly 17 mm,
resulting in a moment of inertia of around 3.15x10-5 kgm?2. Furthermore, the
plastic disc was discovered to have a moment of inertia of about 3.5x10-6 kgm?.
The overall inertia was determined to be 3.5x10-5 kgm? when the two were added
together. The winding resistance was measured with a DMM to be around 1.5.
This was also discovered by a motor stall test and the DC motor's step reaction,
as shown in Fig 6.

. s . \4 3.68V
Winding resistance: R= —Sdvstate = 1.54 ohm (5)
lSteady state 2394
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Figure 6 DC motor step response

Eq 6 is used to find the motor's electrical time constant. The current in Fig. 9
reaches approximately 1.5 A at 63.2 percent of its steady state value (Eq 7, Eq 8)
This occurs at a rate of 0.39 milliseconds. The winding inductance was found to
be roughly 600 H using and the value obtained for the motor winding resistance.

Motor time constant: T = % (6)
. t

i(t) = Is(1 - e;) (7)
t=t=i(0)=I;(1—e1)=06321 (8)

The rotational speeds of the motor, as well as the currents and voltages, were
discovered through a series of experiments. The motor's KV and Ke values were
deduced from these, and the KT value was found to be around 0.045 Nm/A. The
following are considered motor constants for DC motors in eqn 3.9

Motor constants: Kv = w also: Kt = % 9)

The real system achieved a rotational speed of around 6 RPS or 360 RPM, or
around 37.7 rad/s. The voltage on the board was 20 V, the PWM frequency was
15.6 kHz, and the duty cycle was 12.5 percent.

Results and Discussion

In medical application the speed of motor and also the reversal of motor is very
essential for surgical need. The performance of DC motor was simulated in
MATLAB environment. The outputs are taken and made discussion. Figure 7
shows that the simulink model for analyzing the DC motor performance. The DC
motor output speed is taken as feedback signal and given to the controller block,
in controller block the reference speed is compared with the actual measured
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speed of the DC motor and creates the error signal like positive error or negative
error. based on the error signal PWM pulses are generated and given to the DC-
DC controller, the controller activates the H bridge based on the input and change
the direction of operation.
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Figure 7 Simulink model of DC motor

The output wave form of reference speed vs measured speed shown in figure 8. In
that waveform from time period O sec to 0.2 sec the speed is trying to maintain 50
rpm but the time 0.025 sec motor will take time to reach desired speed. Likewise
the time period 0.2 sec the reference speed is 120 rpm, again at the time period of
0.4 sec motor speed decreased to 80 pm and 0.6 sec the motor reference speed
will be 150 rpm. From that wave form each and every time the actual speed will
take some delay to meet reference speed.
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Figure 8 Speed responses to the step change reference speed

The Figure 9 shows that the Speed response to the step change load torque.
Whenever changing the speed of the motor in reference feed, the torque of the DC
motor also changed. The impulse change of the torque will leads to make small
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disturbance in medical application. Because even 0.5 n-m torque also make
major change in output performance.
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Figure 9 Speed response to the step change load torque

Figure 10 shows that the current responses to the step change load torque, if we
need to change the DC motor speed we need to make armature control method or
field control method. Both the methods the current of motor also makes major
disturbances.
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Figure 10 Current responses to the step change load torque

The figure 11 shows that the output waveform of motor reversal control with
measured speed performances. In that wave form from O sec to 0.5 sec motor is
running forward direction with the RPM of 100. After 0.5 sec motor trying to
change the direction of speed. In that condition motor running reverse direction
with -100 rpm. the motor will not change the direction of rotor in sudden instant,
it will take some time to making of braking and reversal. normally 0.15 sec it will
take for reversal.
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Figure 11 Motor Reversal with Measured speed

The wave form of Motor performance during Reversal and the corresponding
speed, current and Torque changes are shown figure 12. From that the waveform
0 sec to 0.5 sec the motor is running forward direction with the speed of 100 rpm.
the current of DC motor is nearly 1A and also at starting it will take up to 4 Amps
due to the starting current. Now the torque is also 6 N-M. After 0.5 sec the motor
trying to change the speed. on that instant the armature current is increasing in
negative side -4 amps. The torque also slowly gets to zero and came to -6 N-m.
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Figure 12 Motor Reversal speed, current and Torque

The wave form 13 shows that the H bridge pulse pattern during forward direction
of rotation and reverse direction of rotation. During the forward direction Switch
S1 and S4 will be turn on; S2 and S3 will be turned off. After the time period 0.5
sec the switch S1 and S4 gate pulses going to 0, and the switch S2 and S3 will
turned on. The wave form 14 shows that the pulse generation duty cycle of 75
percent turn on time and 25 percent turn off time period.
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In this research work concluded that the DC motor is not suitable for very high
precession medical application like laparoscopy device. Because the reference
speed and measure speed of the DC motor not aligned properly. Sudden direction
change also not applicable in this kind of Brushed DC motor. The reversal of
motor taking some delay it will leads to medical damage for patients.
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