Subject : Mechanical and Electronic systems
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Contents

Introduction to Mechanical and Electronic systems

DC motors

Step motors

Hydraulics Actuators and related system
components

pneumatic Actuators and related system
components

Some Measuring instruments ( Ammeter ,
Voltmeter , Ohmeter , Oscilloscopes )

Some Electrical equipment ( Relays ,switch
contactors Fuses , Circuit breakers and motor
starters

Some Electrical components ( diodes , transistors
, Thyristers , Silicon controlled rectifiers and IC)

Some of industrial sensors their working principles
and Calibration

Speed control systems and servomotors

Position control systems

Static and dynamic errors in mechanical system

Robot — configuration and its mechanical parts
Robot — programming and controlling
Intelligent systems

Analogue to digital convectors and digital to
analogue convectors

Some signal processing techniques an
introduction

Auto correlation and cross correlation functions
Fourier transform

Some statistical processing of signals and the
amplitude probability density function

Filters

Computer vision

Image processing

Pattern recognition

Acoustic signal processing

Speech recognition

Applications of mechatronic system
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3. INSTRUMENT ERRORS

Any given instrument is prone to errors either due to aging or due to manufacturing tolerances. Here are
some of the common terms used when describing the performance of an instrument.

3.1 RANGE
The range of an instrument is usually regarded as the difference between the maximum and minimum

reading. For example a thermometer that has a scale from 20 to 100°C has a range of 80°C. This is also
called the FULL SCALE DEFLECTION (f.s.d.)

3.2 ACCURACY

The accuracy of an instrument is ofien stated as a % of the range or full scale deflection. For example a
pressure gauge with a range 0 to 500 kPa and an accuracy of plus or minus 2% fs.d. could have an error
of plus or minus 10 kPa. When the gauge is indicating 10 kPa the correct reading could be anywhere
between 0 and 20 kPa and the actual error in the reading could be 100%. When the gauge indicates 500
kPa the error could be 2% of the indicated reading.

3.3 REPEATABILITY

If an accurate signal is applied and removed repeatedly to the system and it is found that the indicated
reading is different each time, the instrument has poor repeatability. This is often cawsed by friction or
some other erratic fault in the system,

3.4 STABILITY

Instability is most likely to occur in instruments involving electronic processing with a high degree of
amplification. A common cause of this is adverse environment factors such as temperature and vibration.
For example, a rise in temperature may cause a transistor to increase the flow of current which in turn
makes il hotter and so the effect grows and the displayed reading DRIFTS. In extreme cases the
displayed value may jump about. This, for example, may be caused by a poor electrical connection
affected by vibration

3.5 TIME LAG ERROR

In any instrument system, it must take time for a change in the input to show up on the indicated output.
This time may be very small or very large depending upon the system. This is known as the response time
of the system. If the indicated output is incorrect because it has not vet responded to the change, then we
have time lag error.

A good example of time lag error is an ordinary glass thermometer. If you plunge it into hot water, it will
take some time before the mercury reaches the correct level. If you read the thermometer before it settled
down, then you would have time lag error. A thermocouple can respond much more quickly than a glass
thermometer but even this may be too slow for some applications.

When a signal changes a lot and quite quickly, (speedometer for example), the person reading the dial
would have great difficulty determining the correct value as the dial may be still going up when in reality
the signal is going down again.

3.6 RELIABILITY

Most forms of equipment have a predicted life span. The more reliable it is, the less chance it has of going
wrong during its expected life span. The reliability is hence a probability ranging from zero (it will
definitely fail) to 1.0 (it will definitely not fail).

3.7 DRIFT
This occurs when the input to the system is constant but the output tends to change slowly. For example
when switched on, the system may drift due to the temperature change as it warms up.
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4. INSTRUMENT CALIBRATION

Most instruments contain a facility for making two adjustments. These are

+ The RANGE adjustment.
+ The ZERO adjustment.

In order to calibrate the instrument an accurate gauge is required. This is likely to be a SECONDARY
STANDARD. Instruments calibrated as a secondary standard have themselves been calibrated against a
PRIMARY STANDARD.

4.1 PROCEDURE

An input representing the minimum gauge setting should be applied. The output should be adjusted to be
correct. Next the maximum signal is applied. The range is then adjusted to give the required output. This
should be repeated until the gauge is correct at the minimum and maximum values.

4.2 CALIBRATION ERRORS

RANGE AND ZERO ERRORS

After obtaining correct zero and range for the instrument, a calibration graph should be produced. This
involves plotting the indicated reading against the correct reading from the standard gauge. This should
be done in about ten steps with increasing signals and then with reducing signals. Several forms of error
could show up. If the zero or range is still incorrect the error will appear as shown.

o 4 100% a4 100% e

| Bt RN

3 E

o Actual I- = Idealh

5 s - T

= Ideal = A

A = e
measured value iﬂﬂ“/n measured value 160 %o

Zero error Range error

HYSTERESIS and NON LINEAR ERRORS

Hysteresis is produced when the displayed values are too small for increasing signals and too large for
decreasing signals. This is commonly caused in mechanical instruments by loose gears and linkages and
friction. It occurs widely with things involving magnetisation and demagnetisation.

The calibration may be correct at the maximum and minimum values of the range but the graph joining
them may not be a straight line (when it ought to be). This is a non linear error. The instrument may have
some adjustments [or this and it may be possible to make it correct at mid range as shown.

f 3

% "‘_luu% ~ 100%
2 :
4 E |
E | 3
- | E |
£ Iy
| a
measured value 100% measured value 100%

Hysteresis Linearity error
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