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Use for intended purpose

The training package Fundamentals of electrical engineering/electronics may only be used:
e Foritsintended purpose in teaching and training applications
e When its safety functions are in flawless condition

The components included in the training package are designed in accordance with the latest technology as
well as recognised safety rules. However, life and limb of the user and third parties may be endangered, and
the components may be impaired if they are used incorrectly.

The learning system from Festo Didactic has been developed and produced exclusively for training and
further education in the fields of automation and technology. The training companies and/or trainers
must ensure that all trainees observe the safety instructions described in this workbook.

Festo Didactic hereby excludes any and all liability for damages suffered by trainees, the training
company and/or any third parties, which occur during use of the equipment sets in situations which
serve any purpose other than training and/or vocational education, unless such damages have been
caused by Festo Didactic due to malicious intent or gross negligence.
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Preface

Festo Didactic's learning system for automation and technology is geared towards various educational
backgrounds and vocational requirements. The learning system is therefore broken down as follows:

Technology-oriented training packages
Mechatronics and factory automation
Process automation and control technology
Mobile robotics

Hybrid learning factories

The learning system for automation and technology will be updated and extended in parallel with

developments in the area of training and professional practice.

The technology packages deal with various technologies including pneumatics, electropneumatics,
hydraulics, electrohydraulics, proportional hydraulics, programmable logic controllers, sensors,

electrical engineering, electronics and electric drives.

The modular design of the learning system allows for applications which go above and beyond the
limitations of the individual training packages. For example, PLC actuation of pneumatic, hydraulic

and electric drives is possible.
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All training packages feature the following components:
e Hardware

e Media

e Seminars

Hardware

The hardware in the training packages consists of industrial components and systems that are specially
designed for training purposes. The components contained in the training packages are specifically
designed and selected for the projects in the accompanying media.

Media

The media provided for the individual topics consist of a mixture of teachware and software. The teachware
includes:

e Technical books and textbooks (standard works for teaching basic knowledge)

e Workbooks (practical exercises with supplementary instructions and sample solutions)

e Glossaries, manuals and technical books (providing more in-depth information on the various topics)

e Sets of transparencies and videos (for clear and dynamic instruction)

e Posters (for clear-cut illustration of facts)

Within the software, the following programs are available:

e Digital training programs (learning content specifically prepared for the purpose of virtual training)
e Simulation software

e Visualisation software

e Software for acquiring measurement data

e Project engineering and design engineering software

e Programming software for programmable logic controllers

The teaching and learning media are available in several languages. They are intended for use in classroom
instruction, but are also suitable for self-study.

Seminars

A wide range of seminars covering the contents of the training packages round off the systems for training
and vocational education.

Do you have tips, feedback or suggestions for improving this workbook?

If so, please send us an e-mail at did@festo.com.
The authors and Festo Didactic look forward to your feedback.
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Introduction

This workbook is part of the learning system for automation and technology by Festo Didactic. The system
provides a solid basis for practice-oriented basic and further training. The training package Fundamentals of
electrical engineering/electronics TP 1011 covers the following topics:

e Fundamentals of direct current technology

e Fundamentals of alternating current technology

e Fundamentals of semiconductors

Basic electronic circuits

The workbook Fundamentals of direct current technology provides the introduction to the topic of
electrical engineering/electronics. Its focus is on offering an understanding of the basic electrical variables.
Among the variables covered are voltage, current, resistance and conductance as well as energy and
capacity. A detailed explanation of Ohm's law is also provided. Particular emphasis is placed on the

use of measuring devices.

A laboratory workstation equipped with a protected power supply, two digital multimeters, a storage
oscilloscope and safety laboratory cables is needed to build and evaluate the circuits.

All circuits for the 10 exercises in Fundamentals of direct current technology are built using the equipment
set TP 1011. The basic theoretical principles needed to understand these exercises are covered by technical

textbooks.

Technical data for the individual components (linear and non-linear resistors, capacitors, measuring
equipment, etc.) is also available.

© Festo Didactic 567209
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Work and safety instructions

A

General information

Trainees should only work with the circuits under the supervision of a trainer.

Observe the specifications included in the technical data for the individual components and
in particular all safety instructions!

Faults which may impair safety must not be generated in the training environment and must
be eliminated immediately.

Electrical components

Risk of fatal injury from interrupted protective earth conductor

— The protective earth conductor (yellow/green) must not be interrupted either outside or inside
the device.

— The insulation of the protective earth conductor must not be damaged or removed.

In industrial facilities, the regulations BGV A3 "Electrical systems and equipment” of the German

institute for health and safety must be observed.

In schools and training facilities, the operation of power supply units must be responsibly monitored

by trained personnel.

Caution!

The capacitors in the device can still be charged even if the device has been disconnected from all

power sources.

When replacing fuses: only use specified fuses with the correct rated current.

Never switch on the power supply unit immediately after it has been moved from a cold room to a warm

one. The condensate that forms can, under unfavourable conditions, damage your device. Leave the

device switched off until it has reached room temperature.

Only use voltages of max. 60 V DC and 25 V AC as the operating voltage for the circuits in the individual

exercises. Note also the information on the maximum operating voltage of the components used.

The power must be disconnected before establishing electrical connections.

The power must be disconnected before breaking electrical connections.

Only use connecting cables with safety plugs for electrical connections.

Only pull the safety plugs when disconnecting connecting cables — never pull the cable.

Always connect the storage oscilloscope to the power supply using an isolating transformer.
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Training package Fundamentals of direct current technology (TP 1011)

The training package TP 1011 consists of a multitude of individual training materials. This part of the
training package TP 1011 deals with the fundamentals of direct current technology. Individual components
included in the training package TP 1011 can also be included in other packages.

Important components of TP 1011

e Permanent workstation with EduTrainer® universal patch panel

e Component set for electrical engineering/electronics with jumper plugs and safety laboratory cables
e  Basic power supply unit EduTrainer®

e Complete set of laboratory equipment

Media

The teachware for the training package TP 1011 consists of technical textbooks, books of tables

and workbooks. The textbooks clearly communicate the fundamentals of direct current technology.

The workbooks contain the worksheets for each of the exercises, the solutions to each individual worksheet
and a CD-ROM. A set of ready-to-use exercise sheets and worksheets for each exercise is supplied with each
workbook.

Technical data for the hardware components is made available along with the training package and on the
CD-ROM.

Media

Textbooks Technical expertise for electrical professions
Electrical engineering

Book of tables Electrical engineering/electronics

Workbooks Fundamentals of direct current technology

Fundamentals of alternating current technology
Fundamentals of semiconductors
Basic electronic circuits

Digital learning programs WBT Electrical engineering 1 — Fundamentals of electrical engineering
WBT Electrical engineering 2 — Direct and alternating current circuits
WBT Electronics 1 — Fundamentals of semiconductor technology

WBT Electronics 2 — Integrated circuits

WBT Electrical protective measures

Overview of media for the training package TP 1011

The digital learning programs Electrical engineering 1, Electrical engineering 2, Electronics 1, Electronics 2
and Electrical protective measures are available as software for the training package TP 1011. These
learning programs deal in detail with the fundamentals of electrical engineering/electronics. The learning
content is conveyed both by descriptions of the topics and by application using practical case studies.

The media are offered in numerous languages. You'll find further training materials in our catalogue and on
the Internet.
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Learning objectives — Fundamentals of direct current technology

Resistor and capacitor components
e You will be familiar with the relationship between the resistance value and conductance of a resistor.
e You will be familiar with the characteristic features and main designs of resistors.
e You will be able to use the IEC series of standards for identifying resistors.
e  You will be familiar with the circuit symbols and mode of operation of the non-linear resistors
NTC, PTC, VDR and LDR.
e You will be able to trace and interpret the characteristics of non-linear resistors.
e You will be able to select and use non-linear resistors as appropriate to the technical requirements.
e You will be familiar with the structure, application and characteristics of a capacitor.
e You will be able to measure and evaluate the charging and discharging process of a capacitor
ina DC circuit.

Basic circuits and sample circuits

e You will be able to interpret the basic electrical variables of voltage, current and resistance and
perform calculations using them.

e You will be familiar with Ohm's law and be able to determine the relationship by measurement
and represent it graphically.

e You will be able to trace basic electrical variables by measurement and evaluate them.

e You will be able to use suitable measuring equipment to perform measurements.

e You will be able to apply the basic electrical variables of energy and power.

e You will be able to investigate basic electrical circuits by measurement and extrapolate laws
from the measurement variables determined.

e You will be able to size and calculate basic electrical circuits such as series circuits.

e You will be able to test the function of electrical circuits and equipment.

e You will be able to size and calculate basic electrical circuits such as parallel circuits.

e You will be able to size and calculate hybrid circuits.

e You will be able to use suitable measuring circuits to perform measurements.

e You will be familiar with voltage dividers as an application of hybrid circuits.

e You will be able to calculate the output voltage for an unloaded and a loaded voltage divider.

e Youwill be able to size a loaded voltage divider.

Voltage sources

e You will be able to calculate and apply the characteristics of a voltage source.

e You will be able to trace and interpret the working characteristic of a voltage source.

e You will be familiar with the applications of power adaptation and voltage adaptation for
a voltage source.
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Allocation of learning objectives and exercises — Fundamentals of DC

technology

Exercise

Learning objective

10

You will be able to interpret the basic electrical variables
of voltage, current and resistance and perform calculations
using them

You will be familiar with Ohm's law and be able to determine
the relationship by measurement and represent it graphically

You will be able to trace basic electrical variables by
measurement and evaluate them

You will be able to use suitable measuring equipment
to perform measurements

You will be familiar with the relationship between the
resistance value and conductance of a resistor

You will be familiar with the characteristic features and
main designs of resistors

You will be able to use the IEC series of standards for
identifying resistors.

You will be able to apply the basic electrical variables
of energy and power

You will be able to investigate basic electrical circuits by
measurement and extrapolate laws from the measurement
variables determined

You will be able to size and calculate basic electrical circuits
such as series circuits

You will be able to test the function of electrical circuits
and equipment

You will be able to size and calculate basic electrical circuits
such as parallel circuits

You will be able to size and calculate hybrid circuits

You will be able to use suitable measuring circuits
to perform measurements
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Exercise

Learning objective

10

You will be familiar with voltage dividers as an application of
hybrid circuits

You will be able to calculate the output voltage for an unloaded
and a loaded voltage divider

You will be able to size a loaded voltage divider

You will be familiar with the circuit symbols and mode of
operation of the non-linear resistors NTC, PTC, VDR, LDR

You will be able to trace and interpret the characteristics
of non-linear resistors

You will be able to select and use non-linear resistors as
appropriate to the technical requirements

You will be able to calculate and apply the characteristics
of a voltage source

You will be able to trace and interpret the working
characteristic of a voltage source

You will be familiar with the applications of power adaptation
and voltage adaptation for a voltage source

You will be familiar with the structure, application
and characteristics of a capacitor

You will be able to measure and evaluate the charging
and discharging process of a capacitor in a DC circuit

© Festo Didactic
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Equipment set

The workbook Fundamentals of direct current technology covers the structure and function of resistors and
capacitors as well as the behaviour of these components in basic circuits and simple application circuits.

The equipment set Fundamentals of electrical engineering/electronics TP 1011 contains all the components
required to achieve the specified learning objectives. Two digital multimeters and safety laboratory cables

are also for building and evaluating functioning circuits.

Equipment set Fundamentals of electrical engineering/electronics, order no. 571780

Component Order no. Quantity
Basic power supply unit EduTrainer® 567321 1
Universal patch panel EduTrainer® 567322 1
Component set for electrical engineering/electronics 567306 1
Jumper plug set, 19 mm, grey-black 571809 1
Overview of the component set for electrical engineering/electronics, order no. 567306
Component Quantity
Resistor, 10 /2 W 1
Resistor, 22 Q/2 W 2
Resistor, 33 Q/2 W 1
Resistor, 100 Q/2 W 2
Resistor, 220 /2 W 1
Resistor, 330 /2 W 1
Resistor, 470 Q/2 W 2
Resistor, 680 /2 W 1
Resistor, 1 kQQ/2 W 3
Resistor, 2.2 kQ/2 W 2
Resistor, 4.7 kQ/2 W 2
Resistor, 10 kQ2/2 W 3
Resistor, 22 kQ2/2 W 3
Resistor, 47 kQ/2 W 2
Resistor, 100 kQ2/2 W 2
Resistor, 1 MQ/2 W 1

© Festo Didactic 567209

XHi



XIV

Component Quantity
Potentiometer, 1 kQ/0.5 W 1
Potentiometer, 10 kQ2/0.5 W 1
Resistor, temperature-dependent (NTC), 4.7 kQ2/0.45 W 1
Resistor, light-dependent (LDR), 100 V/0.2 W 1
Resistor, voltage-dependent (VDR), 14 V/0.05 W 1
Capacitor, 100 pF/100 V 1
Capacitor, 10 nF/100 V 2
Capacitor, 47 nF/100 V 1
Capacitor, 0.1 pF/100 V 2
Capacitor, 0.22 pF/100 V 1
Capacitor, 0.47 pF/100 V 2
Capacitor, 1.0 uF/100 V 2
Capacitor, 10 uF/250 V, polarised 2
Capacitor, 100 uF/63V, polarised 1
Capacitor, 470 uF/50 V, polarised 1
Coil, 100 mH/50 mA 1
Diode, AA118 1
Diode, 1N4007 6
Zener diode, ZPD 3.3 1
Zener diode, ZPD 10 1
DIAC,33V/1mA 1
NPN transistor, BC140, 40 V/1 A 2
NPN transistor, BC547, 50 V/100 mA 1
PNP transistor, BC160, 40 V/1 A 1
P-channel JFET transistor, 2N3820, 20 V/10 mA 1
N-channel JFET transistor, 2N3819, 25 V/50 mA 1
UNIJUNCTION transistor, 2N2647, 35 V/50 mA 1
P-channel MOSFET transistor, B5250, 60 V/180 mA 1
Thyristor, TIC 106, 400 V/5 A 1
TRIAC, TIC206, 400 V/4 A 1
Transformer coil, N = 200 1
Transformer coil, N = 600 2
Transformer iron core with holder 1
Indicator light, 12 V/62 mA 1
Light emitting diode (LED), 20 mA, blue 1
Light emitting diode (LED), 20 mA, red or green 1
Changeover switch 1
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Graphical symbols for the equipment set

Component Graphical symbol Component Graphical symbol
Resistor Zener diode

E‘Z
Potentiometer DIAC

Resistor, temperature-
dependent (NTC)

o
=4

s N

NPN transistor

Resistor, light-dependent
(LDR)

!

PNP transistor

Resistor, voltage-dependent

(VDR)

—U¢»—

P-channel JFET transistor

Capacitor

-

N-channel JFET transistor

Capacitor, polarised

UNIJUNCTION transistor

nE R a Y

Coil

P-channel MOSFET transistor

L
YT

Diode

Thyristor

ey
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XVI

Component Graphical symbol Component Graphical symbol
TRIAC Blue LED
vl v~
Transformer coil Red or green LED
MM &/
AN
Indicator light Changeover switch
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Allocation of components and exercises — Fundamentals of direct current

technology

Component

Exercise

10

Resistor, 10 /2 W

Resistor, 22 Q/2 W

Resistor, 33 /2 W

Resistor, 100 Q/2 W

Resistor, 220 /2 W

Resistor, 330 /2 W

Resistor, 470 Q/2 W

Resistor, 680 /2 W

Resistor, 1 kQQ/2 W

Resistor, 2.2 kQ/2 W

Resistor, 4.7 kQ/2 W

Resistor, 10 kQ)/2 W

Resistor, 22 kQ)/2 W

Resistor, 47 kQ/2 W

Resistor, 100 kQ/2 W

Resistor, 1 MQ/2 W

Potentiometer, 1 kQ2/0.5 W

Potentiometer, 10 kQ2/0.5 W

Resistor, temperature-dependent (NTC), 4.7 kQ2/0.45 W

Resistor, light-dependent (LDR), 100 V/0.2 W

Resistor, voltage-dependent (VDR), 14 V/0.05 W

Capacitor, 100 pF/100 V

Capacitor, 10 nF/100 V

Capacitor, 47 nF/100 V

Capacitor, 0.1 uF/100 V

Capacitor, 0.22 pF/100 V

Capacitor, 0.47 pF/100 V

Capacitor, 1.0 pF/100 V

Capacitor, 10 pF/250 V, polarised

Capacitor, 100 pF/63 V, polarised

Capacitor, 470 pF/50 V, polarised
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XVII

Exercise 7 8 9 10
Component
Indicator light, 12 V/62 mA 1
Light emitting diode (LED), 20 mA, blue
Changeover switch 1
Digital multimeter 2 2 1
Basic power supply unit EduTrainer® 1 1 1
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Notes for the teacher/trainer

Learning objectives

The main objective of this workbook is to explain how to analyse and evaluate simple DC circuits with

a resistor and capacitor. It does this through a combination of theoretical questions and practical exercises
where the students are required to build the circuits and measure electrical variables. The combination of
both theory and practice ensures faster progress and longer-lasting learning. The more specific learning
objectives are documented in the matrix. Concrete, individual learning objectives are assigned to each
exercise.

Required time
The time required for working through the exercises depends on the student’s previous knowledge of the
subject matter. Each exercise should take approx. 1 to 1.5 hours.

Equipment set components
The workbook, set of exercises and equipment match each other. All 10 exercises can be completed using
components from one equipment set TP 1011.

Standards

The following standards are applied in this workbook:

EN 60617-2 to EN 60617-8 Graphical symbols for circuit diagrams

EN 81346-2 Industrial systems, installations and equipment and industrial products;
structuring principles and reference designations

IEC 60364-1 Low-voltage electrical installations — Fundamental principles,
assessment of general characteristics, definitions

IEC 60364-4-41 Low-voltage electrical installations — Protective measures —

Protection against electric shock

Classifications in the workbook

Solutions and supplements in graphics or diagrams are in red.

Exception: information and evaluations relating to current are always in red, information and evaluations
relating to voltage are always in blue.

Classifications in the set of exercises
Texts which require completion are identified with a grid or grey table cells.
Graphics which require completion include a grid.

Notes for the lesson

These provide additional information about the training approach, method or about the components. These
notes are not included in the set of exercises.

© Festo Didactic 567209
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Solutions
The solutions specified in this workbook are the results of test measurements. The results of your
measurements can deviate from these data.

Learning topics
The training subject "Fundamentals of direct current technology" is part of the learning topics in technical
colleges for electronic engineering.

Structure of the exercises

All 10 exercises have the same structure and are broken down into:
e Title

e Learning objectives

e Problem description

e (Circuit or positional sketch

e Project assignment

e Work aids

e  Worksheets

The workbook contains the solutions for each worksheet in the set of exercises.

Component designations

The components in the circuit diagrams are identified in accordance with DIN EN 81346-2. Letters
are assigned as appropriate to each component. Multiple components of the same type within a circuit
are numbered.

Resistors: R, R1, R2, etc.
Capacitors: C, C1, C2, etc.
Signalling devices: P, P1, P2, etc.

Note

If resistance and capacitance are being interpreted as physical variables, the letter identifying them
is shown in italics (symbols). If numbers are required for numbering, these are treated like indices
and subscript is used.

© Festo Didactic 567209



CD-ROM contents

The workbook is included on the CD-ROM as a PDF file. The CD-ROM also provides you with additional media.

The CD-ROM contains the following folders:
e Operating instructions

e |Images

e Product information

Operating instructions
Contains operating instructions for various components in the training package. These instructions are
helpful when using and commissioning the components.

Images
Contains photos and graphics of components and industrial applications. These can be used to illustrate
individual tasks or to supplement project presentations.

Product information

Contains the manufacturer’s product information for selected components. The representations and
descriptions of the components in this format are intended to demonstrate how they are presented
in an industrial catalogue. Additional information regarding the components is also included.
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Exercise 1:

Analysing electrical circuits and establishing laws

Learning objectives

After completing this exercise:
e You will be able to interpret the basic electrical variables of voltage, current and resistance and

perform calculations using them.
e You will be familiar with Ohm's law and be able to determine and represent the relationship

by measurement.

Problem description
You are about to start work on the planning and implementation of lighting systems. You therefore need

You will be able to trace electrical variables by measurement and evaluate them.
You will be able to use suitable measuring equipment to perform measurements.

to learn about the laws governing simple electrical circuits and the associated measurement technology.

Find the information you need for the exercise in textbooks, books of tables and on the Internet.

Circuit
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Laboratory workstation
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Exercise 1: Analysing electrical circuits and establishing laws

Project assignments
1. Work out the electrotechnical relationships established when operating a lamp. Use the
prepared worksheets for this.
Find out about digital and analogue multimeters and answer the questions.
Select a suitable measuring device for measuring current, voltage and resistance in DC circuits.
Find out how to measure voltage, current and resistance and answer the questions.

v~ WN

Take the measurements for Ohm's law in a simple electrical circuit.

Work aids
e Textbooks, books of tables
e Datasheets
e WBT Electrical engineering 1
e Internet

Note
Do not switch on the electrical power supply until you have made and checked all the connections. Once
you have completed the exercise, switch off the power supply again before dismantling the components.

2 © Festo Didactic 567209



Exercise 1: Analysing electrical circuits and establishing laws

Describing the relationships in an electrical circuit

Work out the laws that apply when operating a lamp. With this information you can size simple circuits.

Components of an electrical circuit
— Describe the main components of a simple electrical circuit.

Each electrical circuit essentially consists of
e avoltage source,

e connecting cables and

e aconsuming device.

The voltage source, for example a battery or plug socket, provides electrical energy in the form of
a separate charge.

The circuit serves as a pathway for the electrical energy that flows between the voltage source and
the consuming device as electrical current.

The energy generated by the voltage source is converted into another form of energy such as heat,
light energy or movement in the consuming device.

— Complete the electrical circuit to produce a simple, closed electrical circuit.
— Enter the electrical variables as arrows with designation in the circuit.

Electrical circuit with resistor as consuming device Electrical circuit with lamp as consuming device

© Festo Didactic 567209 3



Exercise 1: Analysing electrical circuits and establishing laws

Direction of current
Electrical voltage is produced by separating positive and negative charges.
Negative charge: too many electrons

e Positive charge: too few electrons

— Describe what is meant by the technical direction of current and what is meant by the physical
direction of current.
— Enter the technical and physical directions of current in the illustrated circuit diagram.

Technical direction of current
—

-

= P ) iv
Electron motion

(physical direction of current)
—

-

Direction of current in the circuit

Physical direction of current
The physical direction of current describes the direction of current of the negative charge
carriers (electrons) in metals from the negative terminal to the positive terminal.

Technical direction of current

The technical direction of current is historically determined and is based on a current of charges
assumed to be positive. The technical direction of current is therefore agreed as the direction from
the positive terminal to the negative terminal.

The technical direction of current has been retained for practical reasons. That is why the direction
of current within a circuit is still defined as from positive to negative to this day.

4 © Festo Didactic 567209



Exercise 1: Analysing electrical circuits and establishing laws

Basic electrical variables
— Complete the table of basic electrical variables. Enter a brief description, the symbol and the physical unit.

Electrical variable Description Symbol Unit of measurement

Electrical current Electrical current is a measure of the number of free electrical I Ampere [A]
charge carriers flowing in one direction in the circuit.

Electrical voltage Electrical voltage specifies the difference between the charge at U Volt [V]
both terminals. Voltage sources always have two terminals with
different voltages.

Electrical resistance Electrical resistance is a measure of a material's ability R Ohm [Q]
to impede the flow of current in an electrical circuit.

Basic electrical variables

Ohm's law
— Describe the relationship between current, voltage and resistance. It is formulated in Ohm's law.

Information
Ohm's law only applies to ohmic resistances. Ohmic resistances are linear resistances.

If the applied voltage in a simple electrical circuit with a constant resistance is increased, the current
flowing in the circuit also increases. The current intensity /is proportional to the applied voltage U, i.e.
e |Ifthevoltage Urises, the current intensity 7/ rises too.

e |Ifthe voltage U falls, the current intensity 7 falls too.

U=R-1
or formula solved for 7 or R:

=2
R

© Festo Didactic 567209 5



Exercise 1: Analysing electrical circuits and establishing laws

— Describe what ohmic resistance is.

Ohmic resistance is a special electrical resistance whose resistance value is not dependent on current,

intensity or frequency.

— Calculate the resistance value of the lamp if a current of 0.062 A is flowing when a voltage of

12 Vis applied.

Information

Bulbs behave like ohmic resistors after they are switched on.

Given
Voltage U=12V
Current intensity /=62 mA

To be found
Resistance R in Q

Calculation

R=YoBY _BY 4559
I 62mA 0.062A

© Festo Didactic
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Exercise 1: Analysing electrical circuits and establishing laws

Describing the features and symbols of measuring devices

You will be taking different measurements in electrical circuits. You will need to use suitable

measuring devices for this.

Two types of measuring devices are generally used to measure DC voltage and direct current
in electrical circuits:

e Analogue multimeters

e Digital multimeters

Digital multimeter Extract from the technical data
Display
/ \ LCD 3 3/4 digits (3999 count) and analogue bar chart with 41 segments
(”,—\W DCvoltage

Rg HOLD MIN MAX vV
NN B\
KO

o LOLLLOL B

ey
MIN_MAX CONTACT HOLD
o 6°m6© o

Measuring range: 400 mV, 4V, 40V, 400V, 1000 V
Resolution: 100 pV

Accuracy: + (0.7% of display + 1 digit)

Input resistance: 10 MQ)

AC voltage (45 Hz - 500 Hz)

Measuring range: 400 mV, 4V, 40V, 400V, 750 V
Resolution: 100 pV

Accuracy: + (1.5% of display + 4 digits)

For 4 V range: + (2.0% of display + 4 digits)

Input resistance: 10 MQ

Direct current

Measuring range: 400 pA, 4 mA, 40 mA, 300 mA, 10 A
Resolution: 0.1 pA

Accuracy: + (1.0% of display + 1 digit)

CAT 11 600V
CAT III 600V

BATT 1.5V e
mA A

200mA

10A_lies Alternating current (45 Hz — 500 Hz)
Q Al A Measuring range: 400 pA, 4 mA, 40 mA, 300 mA, 10 A

MAX
0A MAX 600V ==

w Resolution: 0.1 pA
Accuracy: + (1.5% of display + 4 digits)

For 10 A range: * (2.5% of display + 4 digits)

Example of a digital multimeter

— Describe what the specification 3 3/4 digits means.

The measuring instrument's display has four places.
The numbers 0 to 9 can appear in the last three places. Only the numbers 0 to 3 can be displayed in

the left-most decimal place.

Example:
In the 400 V range, the highest possible display with a resolution of 0.1 V is 399.9 V.
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Exercise 1: Analysing electrical circuits and establishing laws

Analogue multimeter

Extract from the technical data

Measuring range for voltage measurement:

A0

a 50 6o
30 70
o e L &
2 \\\“\\\\\\\\\ IIII/IIII///////

Sy -
\ \\\\\\\\\‘\‘“\‘Q 5 ",
\\ %

4

1
=
S J_

V-kQ  pa
a8

1000 100

5
H

+60

300 30

]
5 2N
\S

™ 0.1Vv,03V,1V,3V,10V,30V, 100V, 300V, 1000 V

=/~

’////,,t;///;% Input resistance: 10 MQ

Yy,

"o/////// Measuring range for current measurement:

“ 1 A, 3 pA, 10 pA, 30 pA, 100 pA, 300 pA, 1 mA,
3 mA, 10 mA, 30 mA, 100 mA, 1A, 3A,10A
=/~
Accuracy:
1.5=2.5~

Example of an analogue multimeter

—  Explain the meaning of the symbols shown.

Symbol

Description

Moving coil meter with rectifier

Use in horizontal position

Alternating current only

Direct current only

See manual

> B v

Dangerous electrical voltage

CAT 11 1000 V
CAT Il1 600 V

Safety marking to EN 61010-1 or IEC 61010-1:
indicates the overvoltage category and the permissible test voltage
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Selecting a measuring device

Exercise 1: Analysing electrical circuits and establishing laws

You need to take measurements in DC circuits. Digital and analogue multimeters are available.
The measuring accuracy should be the determining factor in your decision about which measuring

device to use.

The accuracy of a multimeter specifies the maximum measurement error that can occur under certain

ambient conditions.

Measurement errors with digital multimeters

With digital multimeters, the accuracy is specified as a percentage in relation to the current measured value.
When using a digital multimeter, a constant error resulting from the conversion of analogue to digital must

additionally be added. This value affects the right-most decimal place.

A measurement using a digital multimeter produces the value shown below.

f—
—)
I

g [ x(

0 10
1 1

MIN_MAX cONIACT HOLD
o émmb o

Value measured by a digital multimeter

—  Specify the measured value.

The measurement reading is 23.58 V.

— Determine the absolute measurement error for the measured value shown.

The accuracy for the set measuring range is:
+ (0.7% of display + 1 digit)

i(%-23.58\/+1-0.01V)zi0.175V

The true value is therefore between 23.405 V (23.58 V- 0.175 V) and 23.755 V (23.58 V + 0.175 V).

— Determine the relative measurement error.

0.175V
23.58V

-100=0.74 %
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Exercise 1: Analysing electrical circuits and establishing laws

10

Measurement errors with analogue multimeters

With analogue multimeters, the accuracy is always based on the measuring range’s final value.
The multimeters are divided into accuracy classes. This means that the same error must always be added

regardless of the measurement reading. The percentage error therefore drops the closer the measured
value comes to the end of the measuring range. When using analogue multimeters, the measurement
should always be taken in the top third of the scale.

Example of an accuracy class

An accuracy class of 2.5 means that the error is + 2.5% of the measuring range in relation to the measuring

range’s final value.

If, for example, the measuring range final value is 70, the maximum error is +2.5% of 70, or +3.571.

A measurement using an analogue multimeter produces the value shown below. 30 V is set as the

measuring range.

— —
0 50 e L
» W§NMMMMmMMWM@WJM %
AR QW iy,
D ST hyy, 4
RO T A [, "
SO %//,//
ds dB

Value measured by an analogue multimeter

—  Specify the measured value.

The measurement reading is 23.5 V.

— Determine the absolute measurement error.

The accuracy class of the analogue multimeter used is 1.5 for this measuring range.

w13 30v)=z04sv
100

The true value is therefore between 23.05V (23.5 V- 0.45 V) and 23.95V (23.5 V + 0.45 V).
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Exercise 1: Analysing electrical circuits and establishing laws

— Determine the relative measurement error.

045V
235V

-100=1.91%

Selecting a measuring device
— Select a measuring device for measurements in a DC circuit and explain the reason for your choice.

The digital multimeter is used for measurements in a DC circuit.
The advantages of a digital multimeter are:

e Greater accuracy and resolution

e Low probability of reading errors

e  More robust

Measuring current intensity, voltage and resistance

Using a measuring instrument will always change measured values in an existing circuit. It is therefore
important to be able to identify and assess the possible influences.

Current measurement

e When measuring current, always connect the measuring device to the consuming device in series.
The full consuming device current flows through the measuring device.

e Theinternal resistance of the measuring device should be as low impedance as possible to minimise
the influence on the circuit to be measured.

Current measurement
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Exercise 1: Analysing electrical circuits and establishing laws

— Describe what effect the internal resistance of the measuring device has on the measurement process.

Each current measuring device (ammeter) has its own internal resistance. This additional resistance
reduces the current flow. To keep the measurement error as low as possible, an ammeter may only
exhibit a very small internal resistance.

Voltage measurement

e When measuring voltage, always connect the measuring device to the consuming device in parallel.
The voltage drop across the consuming device corresponds to the voltage drop across the measuring
device.

e Theinternal resistance of the measuring device should be as high impedance as possible to minimise
the influence on the circuit to be measured.

Voltage measurement

— Describe what effect the internal resistance of the measuring device has on the measurement process.
Each voltage measurement device (voltmeter) has its own internal resistance. The current flowing

through the meter should be very small to minimise the distortion of the measurement result.
This means that the internal resistance of the voltmeter must be as big as possible.

12 © Festo Didactic 567209



Exercise 1: Analysing electrical circuits and establishing laws

Resistance measurement
The resistance of a consuming device in a DC circuit can either be measured indirectly or directly.

Indirect measurement
e Indirect measurements involve measuring the current through the consuming device and the voltage

drop across the consuming device.
e The two measurements can either be performed one after the other or at the same time.
e The resistance is then calculated using Ohm's law.

—(n)
N

— P (X

Indirect resistance measurement

Direct measurement

e Disconnect the consuming device from the rest of the electrical circuit.

e The consuming device must not be connected to a voltage source during measurement.

e Set the operating mode and measuring range on the measuring device.

e Connect the consuming device to the measuring device and read off the resistance value.

Direct resistance measurement

© Festo Didactic 567209 13



Exercise 1: Analysing electrical circuits and establishing laws

—  Explain why the consuming device must not be connected to a voltage source when measuring
resistance directly.

The consuming device must not be connected to a voltage source when measuring resistance directly
because the measuring device determines the resistance value via an internally specified voltage
or current.

Procedure for measurements in an electrical circuit
e Disconnect the supply voltage to the electrical circuit.
e Set the required operating mode as well as current or voltage measurement on the multimeter.
e With pointer instruments, check that the pointer is at zero and adjust if necessary.
e Select the widest measuring range so that the pointer's deflection does not go beyond the
scale on the analogue measuring device.
e Connect the measuring device with the correct polarity when measuring DC voltage and direct current.
e Switch on the power supply to the electrical circuit.
e Observe the pointer deflection or the display and gradually switch over to a narrower measuring range.
e Read off the display at the greatest possible pointer deflection (narrowest possible measuring range).
e When using pointer instruments, always read the display by looking down onto it to avoid reading errors.
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Performing measurements relating to Ohm's law

Exercise 1: Analysing electrical circuits and establishing laws

Prove the relationships that define Ohm's law by means of suitable experiments. To do this, trace
the characteristics 7 = f{U) at constant resistance and I = f(R) at constant voltage.

Voltage/current characteristic of an ohmic resistor
—  Select aresistor R =330 Q.

— Check the selected resistance R with a direct resistance measurement in de-energised condition.

—  Build the circuit with the resistance R.

Measuring circuit with R =330 Q

Identifier

()
L

o] Q)

Designation

Values

R

Resistor

330Q/2W

Digital multimeter

Basic power supply unit EduTrainer®

Equipment list

— Increase the voltage from U=0Vto U= 10V in 2 Vincrements and measure the current intensity

I after each increase.
Enter the measurement results in the measurement log.

© Festo Didactic
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Exercise 1: Analysing electrical circuits and establishing laws

16

Voltage U (V) Current 7 (mA)
0 0

2 5.9

4 11.65

6 17.6

8 23.45

10 29.33

Measurement log: /=f(U), R =330 Q

— lllustrate the measurement results graphically. To do this, transfer the values from the measurement

log to the graph.

Current 1 ——»
-
=)
}

mA1

20

Voltage/current characteristic, R = 330 Q

Voltage U ——»

The voltage/current characteristic is a straight line. This means:

Describe the dependence of the current 7 on the voltage U at constant resistance R.

If the voltage is increased, the current intensity increases to the same extent. The current
is proportional to the voltage.

1~U
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Exercise 1: Analysing electrical circuits and establishing laws

Resistance/current characteristic of an ohmic resistor
Trace the characteristic I = f(R) at constant voltage.

Build the circuit.

Measuring circuit with different resistors

Identifier Designation Values

R Resistor 100Q/2 W
R Resistor 220Q/2 W
R Resistor 330Q/2W
R Resistor 470Q/2 W
R Resistor 680 Q/2 W
R Resistor 1kQ/2wW
- Digital multimeter -

- Basic power supply unit EduTrainer® -

Equipment list

Apply a constant voltage of U = 10V to the circuit.

Connect 6 to 8 different resistors between 100 Q and 1 kQ to the electrical circuit and measure
the current intensity 7 after each one is connected.

Enter the measurement results in the measurement log.

Add the resistors used to the equipment list.

© Festo Didactic 567209
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Exercise 1: Analysing electrical circuits and establishing laws

Resistance R (Q) Current 7 (mA)
100 97.3

220 45.0

330 30.2

470 21.1

680 14.5

1000 9.9

Measurement log: I=f(R), U= 10V

— lllustrate the measurement results graphically. To do this, transfer the values from the measurement

log to the graph.

Current /| —»
o
<)
} =

o
(=]
|
T

60

50+

40 +

30+

201

101

Resistance/current characteristic, U= 10V

18

} } t >
800 Q 1000
Resistance R —»
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Exercise 1: Analysing electrical circuits and establishing laws

— Describe the dependence of the current intensity 7 on the resistance R at constant voltage U.

The current decreases as the resistance increases. The current is inversely proportional to the
resistance.
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Exercise 1: Analysing electrical circuits and establishing laws
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Exercise 2:
Analysing resistors

Learning objectives
After completing this exercise:
e You will be familiar with the relationship between the resistance value and conductance of a resistor.
e You will be familiar with the characteristic features and main designs of resistors.
e You will be able to apply the IEC series of standards for identifying resistors.

Problem description
You are working in the development department of a company that manufactures electronic circuits.
You will be building prototypes for amplifier circuits and therefore need to learn about the resistors
used in the circuits in question.

Circuit

Detail of a circuit on a printed circuit board

© Festo Didactic 567209 21



Exercise 2: Analysing resistors

Project assignments

Describe the key features of a resistor.

Find out more about the design of the resistors you are using.

Check whether the resistor R = 330 Q2 can be used in a circuit with an operating voltage of 24 V.
Using the colour codes, determine the resistance value of two resistors that are to be replaced.

N W N -

Work aids
e Textbooks, books of tables
e Datasheets
e WBT Electrical engineering 1
e Internet

Note
Do not switch on the electrical power supply until you have made and checked all the connections. Once
you have completed the exercise, switch off the power supply again before dismantling the components.
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Describing the features of electrical resistors

Exercise 2: Analysing resistors

The electrical resistor limits the flow of current. It is mainly used for adjusting and dividing current and voltage.

— Name some characteristic features of a resistor.

Features of an electrical resistor

e Resistance value

e Load capacity/power loss

e Temperature behaviour

e Frequency dependence

e  Fixed resistance — variable resistance

e Tolerance

There are linear and non-linear resistors.

— Describe when a resistor is called a linear resistor.

Aresistor is called linear if the current flowing through it changes in proportion with the applied
voltage. The current/voltage characteristic is then a straight line.

The electrical resistance of a component or electrical consuming device is the quotient of its voltage and current:

U
R=—
1
where R is electrical resistance in Q
U is electrical voltage in V
1 electrical current in A
—  Describe how the electrical conductance of a resistor is defined. To do this, completed the prepared table.
Physical Description Symbol Formula Unit of
variable measurement
Electrical Electrical conductance is the reciprocal value of electrical G G = i Siemens[S]
conductance resistance. R
If a consuming device is a good conductor of electrical current,
then it has high conductance and low resistance.

© Festo Didactic
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Exercise 2: Analysing resistors

— Anelectrical resistor has a resistance of R = 10 Q.
Specify the associated conductance G of the resistor.

The conductance for a resistor with R=10Q is 0.1 S.

Determining fixed resistors and variable resistors at a laboratory workstation

Resistors are divided into fixed resistors and variable resistors.

—  Specify the two main designs of fixed resistors.

The two main designs of fixed resistors are

e  Wire resistors
e  Film resistors

— Find out which resistors are available to you for DC circuits.

Enter the resistors in the corresponding table and complete the associated fields.

Fixed resistors

Design

Ohmic resistors with different resistance values

Metal film resistor

Fixed resistors in the equipment set

Variable resistors

Mechanically variable resistor

Physically variable resistor, change in
resistance due to

Rotary encoder

NTC resistor - Temperature
VDR resistor - Voltage
LDR resistor - Light

Variable resistors in the equipment set

24
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Exercise 2: Analysing resistors

Calculating and evaluating the load carrying capacity of the resistor R = 330 Q
In a resistor, electrical energy is converted into heat. This thermal energy is called power loss.
The thermal energy heats up the resistor. The maximum temperature of a resistor is limited.
The resistor is damaged if this temperature is exceeded.
Check whether the resistor R = 330 Q can be used in a circuit with an operating voltage of 24 V.
—  Specify the formula for calculating the power loss of a resistor.

The power loss of a resistor is calculated in accordance with the following formula:

P=U-I

—  For the resistor R = 330 Q, calculate the voltage at which the maximum power loss P = 2 W occurs.

Given
Resistor R=330Q
Power loss P=2W
To be found

Maximum voltage Uin V

Calculation

The power P is calculated as follows:

P=U-I

The current 7 is calculated as follows in accordance with Ohm's law:

=Y
R
Used in P:
2
poy UV
R R
Solved for U:

U=P-R=,2-330 V=+660V=2569V
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Exercise 2: Analysing resistors

— Cantheresistor R = 330 Q be used in a circuit with 24 V DC?
The resistor R = 330 Q can be used in a circuit with 24 V. Its maximum power loss is not achieved
until a voltage of 25.69 V is reached.
Determining the resistance value from the colour code and checking it through measurement

Two resistors are to be replaced in one circuit. Determine the resistance value from the colour code of
the resistors in question.

The resistance values of the fixed resistors are defined by the IEC series. The numerical series specify
the resistance values for a decade. The standard values for the resistors are calculated in such a way
that the tolerance produces slight overlaps. This means that there are no gaps between two adjacent
standard series.

—  Specify the three most important IEC series with the number of resistance values and the tolerance.

The three most important IEC series are:

e Series E6: 6 values with 20% tolerance
e Series E12: 12 values with 10% tolerance
e Series E24: 24 values with 5% tolerance

The resistance value is generally identified by means of coloured rings or dots.
— Determine the resistance value of the two resistors shown based on the colour code.

Resistor Resistance value

Numerical sequence in the direction of reading

2 22010°Q +5% = 22000 Q + 5%
=22kQ 5%

Numerical sequence in the direction of reading

2> 10101 Q 5% =100 Q + 5%
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— Determine the value of the two resistors by measurement and enter the values in the measurement log.

Exercise 2: Analysing resistors

Identifier Designation Values
R Resistor 22 kQ/2 W
R Resistor 100Q/2 W

Digital multimeter

Equipment list

— Add the missing entries in the measurement log.
—  For both resistors, check whether their resistance values are within the specified tolerance.

Nominal value Tolerance Tolerance range with Measured value Measured value in
largest and smallest tolerance range?
resistance value

22 kQ 5% 20.9-23.1 kQ 21.83 kQ Yes

100 Q 5% 95-105 Q 99.7 QQ Yes

Measurement log
© Festo Didactic 567209
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Exercise 3:
Determining the series resistance for a light emitting diode

Learning objectives

After completing this exercise:

e You will be able to apply the basic electrical variables of energy and power.

e You will be able to investigate basic electrical circuits by measurement and extrapolate
laws from the measurement variables determined.

e You will be able to size and calculate basic electrical circuits such as series circuits.

e You will be able to test the function of electrical circuits and equipment.

Problem description
A light emitting diode is used to indicate the output voltage at a power supply unit. The light emitting
diode in the power supply unit is defective and needs to be replaced.
Select a suitable series resistor for the new light emitting diode.

Positional sketch

oiele:
bl

+
I
<

@®

O

%V =—
45A

RO

Power supply unit with output voltage indication by means of an LED
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Exercise 3: Determining the series resistance for a light emitting diode

Project assignments

Describe what the series resistor does in the circuit with the light emitting diode.

Find out about the laws governing series connection and summarise your findings.

Learn about series connection by conducting some experiments on series connection of ohmic resistors.

N W N -

Calculate the necessary series resistance for the light emitting diode. Select a suitable resistor.

Work aids
e Textbooks, books of tables
e Datasheets
e WBT Electrical engineering 1
e Internet

Note for the lesson

There are two ways of completing the exercise:

° First, research the electrotechnical relationships,

e  then check the results through experiment

or vice versa.

If the decision about the order is left to the student, he can take his individual needs into consideration.

Note
Do not switch on the electrical power supply until you have made and checked all the connections. Once
you have completed the exercise, switch off the power supply again before dismantling the components.
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Exercise 3: Determining the series resistance for a light emitting diode

Describing what a series resistor does

— Describe what the series resistor Rs does in the circuit with the light emitting diode.

) al

Circuit with light emitting diode and series resistor

The operating voltage of the circuit in which the light emitting diode is operated is higher than
the nominal voltage of the light emitting diode. The light emitting diode would be damaged
beyond repair if a series resistor were not used.

The series resistor limits the voltage and current in the circuit so that the light emitting diode is not
damaged.

Describing the laws governing series connection of ohmic resistors

Series connection refers to the connection of two or more consuming devices in series in one current path.

il i
] i

Series circuit with two resistors
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Exercise 3: Determining the series resistance for a light emitting diode

— Find out about the laws governing series connection of ohmic resistors.
— Using the example of a series circuit with two resistors, describe how the electrical variables current,
voltage and resistance behave in a series circuit.

The following applies to the electrical variables in a series circuit:

Current
The same current / flows through all the resistors.

Voltage
Kirchhoff's second law applies to the voltages dropping at the individual resistors:
the total voltage is equal to the sum of the component voltages.

U=U, +U,

Resistance
The same current / flows through all the resistors in a series circuit.
According to Ohm's law, the following holds for the voltages

U-=R-1

The following therefore applies to the resistance R

gY_UHU U Uy RD R
I I 10 I

=R +R,

The total resistance of the series circuit is the sum of all the individual resistances.
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Exercise 3: Determining the series resistance for a light emitting diode

Example
Apply the laws governing series connection to a series circuit with two resistors R1 = 220 Q and R, = 470 Q.

] i

T i ] i

Series circuit with R1 =220 Q, R, =470Q, U=24V

— Calculate the current, component voltages and total resistance for the series circuit.

Given
Operating voltage U=24V
Resistance Ri1=220Q
Resistance Ry=470Q
To be found
Current intensity IinA
Component voltage at R: UiinV
Component voltage at R UxinV
Total resistance Riotat in Q
Calculation
Ry = R + Ry =220 Q +470 Q=690 Q
U 24V =0.03478 A =34.78 mA
R 690 Q

total

U =R -1=2200-0.03478 A=7.65V

Uy=R,-1=470Q-0.03478 A =16.35V

U= U +U, =765V +1635V =24V
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Exercise 3: Determining the series resistance for a light emitting diode

Performing measurements relating to series connection of resistors

Verify the laws governing series connection by means of experiments. To do this, use a series circuit with
three different resistors.

R, R, R,
| — 1 1
T | S| | S|

Series circuit with three resistors

Measuring the currents
Prepare the series circuit for measuring the currents. To do this, disconnect the line wherever you want
to successively measure the currents using a digital multimeter.

— Enter the line disconnections in the measuring circuit and label the measuring points.
— Identify the measuring points with current arrows.

— Complete the measuring circuit.

—  Build the measuring circuit and perform the measurements.

— Enter the measured values in the measurement log.

—  Evaluate the measurement results.

—  Verify the measured value for the current intensity by means of calculation.

Measuring circuit with U= 10V, R1 =100 Q, R> = 330 Q, R3= 470 Q
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Exercise 3: Determining the series resistance for a light emitting diode

Identifier Designation Values
R, Resistor 100Q/2 W
R, Resistor 330Q/2 W
R; Resistor 470Q/2 W
- Digital multimeter -
- Basic power supply unit EduTrainer® -
Equipment list
I; (mA) I, (mA) I5 (mA) 1, (mA)
Measuring points A-B Measuring points C-D Measuring points E-F Measuring points G-H
11.0 11.0 11.0 11.0

Measurement log: Current intensities

Evaluating the current

The current is the same at every resistor.

Lh=L=L5=1=11.0mA

Verification of the current intensity 7 by calculation:

U U

10V

R

total

Slight deviations between the measured values and the calculated values are due to measuring

TRAR R, 9000

errors and component tolerances.

© Festo Didactic 567209
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Exercise 3: Determining the series resistance for a light emitting diode

Measuring the voltages

— Entervoltage arrows between the measuring points where you measure the voltage drop.

—  Sketch the digital multimeter in the circuit as an example for one voltage measurement.

— Build the measuring circuit and perform the individual voltage measurements one after the other.
—  Enter the measured values in the measurement log.

—  Evaluate the measurement results.

R] Rz R3

Measuring circuit with U= 10V, R1 = 100 Q, R2 = 330 Q, R3= 470 Q

Ur: (V) Ura(V) Uzs (V) U )
Measuring points B-C Measuring points D-E Measuring points F-G Measuring points A-H
1.11 3.66 5.23 10.0

Measurement log: Voltages

Evaluating the voltage

The sum of the individual voltages is equal to the total voltage.

U= Ug +Ugy +Ups =1.11V+3.66 V+523V=10.0 V

Slight deviations are due to measurement errors and component tolerances.
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Exercise 3: Determining the series resistance for a light emitting diode

— Describe how the component voltages behave relative to the associated resistance value.

— Todo this, complete and then evaluate the table.

Evaluation of the measurement log

Component voltages

1.11V

3.66V

5.23V

Associated resistance value

100 Q2

330Q

470Q

In the series circuit, the individual component voltages behave like the associated resistance values.

The biggest component voltage is applied to the biggest resistor.
This can also be illustrated mathematically.

The following formula applies:

Applying Ohm's law to the current intensity gives:

[:Um _Uro _Urs

R R, R,

This gives the following formula for the component voltages Ur: and Uk: as well as the individual

resistances Ri and Ra:

Upi _ R

URZ RZ
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Exercise 3: Determining the series resistance for a light emitting diode

Determining the series resistance for the light emitting diode

Determine the series resistance for the light emitting diode and select a suitable resistor from the IEC series
E12 on the basis of your calculations.

) il

P XZ’?

Operating voltage: U=10V
Operating data for light emitting diode: Up=4V Ir=20mA

Circuit with light emitting diode

Identifier Designation Values
Rs Resistor 330Q/2 W
P Light emitting diode 20 mA, blue

- Basic power supply unit EduTrainer® -

Equipment list

The series resistor and light emitting diode form a series circuit. The operating voltage is split at the
series resistor and light emitting diode.

— Calculate the series resistance for the light emitting diode.

Given
Operating voltage U=10V
Voltage of light emitting diode Ur=4V

Current intensity of light emitting diode  Ir =7=20mA

To be found
Series resistance Rsin QQ
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Calculation

Urs = Rq -1

Solved for Rs:

The following applies to Uks:

U= Ugps+Up

Solved for Uks:

Ups = U~

Up

This gives the following for Rs:

Ugs _

U-Up, 10V-4V

Ry = /

I 20mA

Exercise 3: Determining the series resistance for a light emitting diode

\Y%

=300-—=300Q
A

—  Select the appropriate resistor from the IEC series E12.

The E12 resistor series doesn’t includes the resistance value 300 Q. The next biggest resistance
value is therefore used. A series resistor with 330 Q is chosen.

Power loss

Series resistors are generally only used with low currents in the mA range because the power loss at the

series resistor is very high.
Check whether the maximum power of the selected series resistor R is sufficient for the light emitting

diode circuit.

—  Find out how the electrical power P is defined.

— Complete the table for electrical power. Enter the calculation formula and the physical unit.

Symbol

Calculation formula Physical unit

Electrical power

P

where Uis voltage in V

P=U-1I Watt [W]

Iis current intensity in A
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Exercise 3: Determining the series resistance for a light emitting diode

Note
The power Prs of the series resistor is calculated using the voltage at the series resistor and the current

flowing through it.

— Calculate the power loss Prs at the series resistor Rs.
— Compare the power loss of the series resistor Rs with the power data for the selected series resistor.

Given
Operating voltage U=10V
Voltage of light emitting diode Ur=4V

To be found
Power loss Pgrs in mW

Calculation
Frs= Ugs -1
Ups=U-Up=10V-4V=6V

Ugs 6V
Ry 3300

=0.0182 A=182mA
This gives the following for Prs:
Pos = Ugs -1 =6V 182 mA =109.2 mW

Result:
The selected series resistor Rs with 330 Q and 2 W is more than sufficient to accommodate the

power Prs of 110 mW that is produced.

— Add the necessary series resistor for the circuit to the equipment list.
—  Build the circuit and make sure it operates correctly.
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Exercise 4:
Adding an electrical consuming device to a circuit

Learning objectives

After completing this exercise:

e You will be able to apply the basic electrical variables of work and power.

e You will be able to investigate basic electrical circuits by measurement and extrapolate laws
from the measurement variables determined.

e You will be able to size and calculate basic electrical circuits such as parallel circuits.

Problem description
The control console for a machine has one control lamp connected. Add a further control lamp to the control
console. The second control lamp should illuminate as brightly as the one that is already installed. Both
control lamps therefore have the same nominal data.

Information
Control lamps behave like ohmic resistors after they are switched on.

Circuit

Nominal voltage of P1: U=12V
Nominal current of P1: /=62 mA

Electrical circuit for a control lamp

© Festo Didactic 567209 41



Exercise 4: Adding an electrical consuming device to a circuit

Project assignments

1. Find out more about the possible basic electrical circuits for realising the circuit for the control lamps.
Describe the laws governing parallel connection in this context.
Verify the laws governing parallel connection by means of experiments.

3. Calculate the electrical power for the control lamps when they are connected in series and in parallel.
Design the electrical circuit for the control lamps.

Work aids
e Textbooks, books of tables
e Datasheets
e WBT Electrical engineering 1
e Internet

Notes for the lesson

There are two ways of completing the exercise:

° First, find out about electrotechnical relationships,

e then check the results through experiment

or vice versa.

If the decision about the order is left to the student, he can his individual needs take into consideration.

Note
Do not switch on the electrical power supply until you have made and checked all the connections. Once
you have completed the exercise, switch off the power supply again before dismantling the components.
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Exercise 4: Adding an electrical consuming device to a circuit

Describing the laws governing parallel connection of ohmic resistors

Basic electrical circuits include series and parallel circuits.
Parallel connection refers to the connection of several consuming devices one beside the other in parallel

in a branched current path.

P
o i N i || i

Parallel circuit with two resistors

— Using the example of a parallel circuit with two resistors, describe how the electrical variables current,
voltage and resistance behave in a parallel circuit.

Current
Kirchhoff's first law applies to the currents:
the total current is equal to the sum of the individual currents.

I=1+ I,

Voltage
The voltage U is the same at all resistors.

U=U,=U,
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Exercise 4: Adding an electrical consuming device to a circuit

44

Resistance
The total resistance is always smaller than the smallest individual resistance.
Using Ohm's law for the currents

gives the following for the total resistance:

RU_U 1 _RB
I nh+hL 11 R+R

R Ry

The total resistance is also called equivalent resistance.

Describe the composition of the electrical power in the parallel circuit with two resistors.

Pr1 Power consumption at the resistor R,
Pro Power consumption at the resistor R>

The total power P is calculated as follows:

P=Fy + R,

The total power is made up of the powers of the individual resistors.

Specify the formula for calculating the powers Pr1 and Pra.

Power Pgri:

By, =U-1

Power Pra:

B,=U-1,
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Exercise 4: Adding an electrical consuming device to a circuit

Performing measurements relating to parallel connection of resistors

Check the laws governing parallel connection by means of experiments. To do this, use a parallel circuit with
three different resistors.

Measuring the currents

— Add current arrows to the parallel circuit wherever you want to measure the currents.
—  Sketch the digital multimeter as an example for one current measurement.

— Build the measuring circuit and perform the measurements.

— Enter the measured values in the measurement log.

— Evaluate the measurement results.

3
b

()
2

b e Tk

L
L

Parallel circuit with U=10V, R1=100Q, R, =330 Q, R3 =470 Q

Identifier Designation Values

Ri Resistor 100Q/2 W
Ry Resistor 330Q/2 W
Rs Resistor 470Q/2 W

- Digital multimeter -

- Basic power supply unit EduTrainer® -

Equipment list

Component current Component current Component current Total current
I, (mA) I, (mA) I5 (mA) 1(mA)
97.4 30.1 211 145.6

Measurement log: Currents
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Exercise 4: Adding an electrical consuming device to a circuit

Evaluating the current

The total current is equal to the sum of the component currents.

Slight deviations are due to measurement errors and component tolerances.

I=1+1, +1;=974 mA +30.1 mA + 21.1 mA =148.6 mA

—  Verify the measurement results by calculation.

Current intensities calculated using Ohm's law:

=L 10V 50 ma
R 100Q
PN L
R, 330Q
;U _1ov
TR, 4700

I=1+ I, +1; =100 mA + 30 mA + 21 mA =151 mA

— Describe how the component currents behave relative to the associated resistance value.
To do this, complete and evaluate the table.

Evaluation
Component currents 100 mA 30 mA 21 mA
Associated resistance value 100Q 330Q 470 Q2

The component currents are inversely proportional to the respective resistance. This means that the
higher the resistance value, the lower the associated component current.
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Exercise 4: Adding an electrical consuming device to a circuit

Measuring the voltages

— Add appropriate voltage arrows to the parallel circuit wherever you want to measure component
voltages.

—  Sketch the digital multimeter as an example for one voltage measurement.

—  Build the measuring circuit and perform the voltage measurements one after the other.

—  Enter the measured values in the measurement log.

—  Evaluate the measurement results.

Measuring circuit with U=10V, R1=100Q, R, =330Q, R3=470Q

U() Uri (V) Us2 (V) Urs (V)

10.0 10.0 10.0 10.0

Measurement log: Voltages

Evaluating the voltage
The voltage is the same at all resistors.

Slight deviations in the measured values are due to measurement errors and component tolerances.

U=Ug, =Ugy =Up; =10V
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Exercise 4: Adding an electrical consuming device to a circuit

48

Determining the equivalent resistance
Determine the equivalent resistance of the parallel circuit by measuring the resistance directly. Verify the

measured value subsequently by calculation.

— Add the device for measuring resistance to the circuit.

—  Build the circuit.

— Measure the equivalent resistance.
— Verify the equivalent resistance by calculation. To do this, use the nominal values for the resistances.

ol

R, R [

Direct measurement of the equivalent resistance of the circuit with R1 = 100 Q, R, = 330 Q, R3 = 470 Q

Component resistance
R, (Q)

Component resistance
R, (Q)

Component resistance
R;(Q)

Equivalent resistance
R (Q)

100

330

470

65.9

Measurement log: Resistances

Verify the equivalent resistance by calculation:

The equivalent resistance Rais calculated as follows:

111

1 1 1
+

= +
R, R R, R 100Q 330Q 470Q

1

Ry=—— Q=660

0.015

:0.01i+0.003i+0.002i20.015—
Q Q Q Q

1

Slight deviations between the measured value and the calculated value are due to measuring errors

and component tolerances.
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Exercise 4: Adding an electrical consuming device to a circuit

Calculating the electrical power in a series and parallel circuit

Add another control lamp to the circuit for the control lamp. In the new circuit, the second control lamp
is to illuminate with the same power as the first control lamp.

To decide which circuit is suitable, calculate the power consumed by the control lamps for both circuits.

Electrical variables in the lamp circuit
—  Start by calculating the missing electrical variables for the control lamp circuit.

Circuit with control lamp P1, nominal data of P1: 12 V/62 mA

Given
Voltage U=12V
Current I=62mA
To be found
Resistance R of the lamp P1in Q
Power P of the lamp P1in mW
Calculation

Ohm's law gives the following for the resistance R of the lamp P1:

R:E: v =193.5Q
I  62mA

The power P is calculated as:

P=U-1=12V-62mA =744 mW
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Exercise 4: Adding an electrical consuming device to a circuit

50

Electrical power in the series circuit

— To make it easier to perform calculations for the circuit, add the appropriate current arrows

to the circuit.

— Calculate the consumed electrical power for the lamps P1 and P2 for the series circuit.

P1 P2
— —

Up Up,

— i U=12V

Series circuit with two control lamps

Given
Voltage U=12V
Lamp resistance Rr1=193.5Q
To be found

Power Pp: of lamp P1 in mW
Power Pp; of lamp P2 in mW

Calculation

The power is calculated as follows:

By =Up -1 Foy =Upy -1

The following applies to the voltages in the series circuit:

U= Up, +Up,
Upi _ Rpy
UPZ RPZ

Since Rp1 = Rpa, it follows that Upi = Up,

This gives the following for the component voltages:

Unn=6V Ura=6V
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Exercise 4: Adding an electrical consuming device to a circuit

The following applies to the resistances in the series circuit:

R= Ry +Rpy =2-193.5Q=387Q

The following applies to the current in the series circuit:

Uu 12V

R 387Q

This gives the following for the power of lamp P1 and lamp P2:
By =Up - 1=6V-31mA =186 mW

By =Upy -1 =6V -31mA =186 mW

Note for the lesson

The power P can of course also be calculated using one of the formulae
2
P=Y orp-r.&
R

Electrical power in the parallel circuit

— To make it easier to perform calculations for the circuit, add the appropriate current arrows to
the circuit.

— Calculate the consumed electrical power for the lamps for the parallel circuit.

, !

i IR S Y

Parallel connection of two control lamps
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Exercise 4: Adding an electrical consuming device to a circuit

Given
Voltage U=12V
Lamp resistance Rp1=193.5Q
To be found

Power Pp1 of lamp P1in mW
Power Pp; of lamp P2 in mW

Calculation
The power is calculated as follows:

B =U"-1 B, =U"1,

The following applies to the currents in the parallel circuit:

I=1 +1,
el LU
RPl RPZ

12V
193.5Q

=62 mA

. . U
Since Rp, = Rp,, it follows that 7, =1, T
Pl

This gives the following for the power of the lamps P1 and P2:
By =U-1; =12V -62 mA = 744 mW

Py, =U-1,=12V-62 mA = 744 mW

52
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Exercise 4: Adding an electrical consuming device to a circuit

Extending the circuit for the control lamps

—  Extend the circuit for the control lamps and explain the reason for your choice of circuit.

Circuit for two control lamps P1 and P2 with the nominal data 12 V/62 mA

Identifier Designation Values

P1 Indicator light 12V/62 mA
R Resistor 220Q/2 W
- Basic power supply unit EduTrainer® -

Equipment list

The two lamps must be connected in parallel so that they can consume their maximum electrical
power and release it again as light energy.

— Build the selected circuit and make sure it operates correctly.
—  Complete the equipment list for the circuit.

Note
If you do not have two lamps, you can substitute a suitable ohmic resistor for one of the lamps.
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Exercise 5:
Determining the electrical power for two circuit variants

Learning objectives
After completing this exercise:
e You will be able to apply the basic electrical variables of energy and power.
e You will be able to size and calculate hybrid circuits.

Problem description
In electric cooking rings, different electrical powers are achieved with the help of differently connected
resistors. Series circuits provide the least power, while parallel circuits provide the most power. The
resistors are connected together in groups to achieve gradations in the power values or the generated
thermal energy.

Determine the group circuit that provides the higher electrical power.

Circuit
Ry
R,
« hd .4
- I _— T R, |:|
] s[] a]
R,
Circuit 1 Circuit 2
R1=100Q, R, =330Q, R3=220Q, U=10V R1=100Q, R, =330Q, R3=220Q, U=10V
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Exercise 5: Determining the electrical power for two circuit variants

Project assignments

Determine the electrical power for both circuits by measurement.

Calculate the total resistance for both circuits.

Calculate the electrical power for both circuits and select the circuit with the higher power.
Calculate the costs associated with operating a hotplate.

N W N -

Work aids
e Textbooks, books of tables
e Datasheets
e Internet

Note
Do not switch on the electrical power supply until you have made and checked all the connections. Once
you have completed the exercise, switch off the power supply again before dismantling the components.
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Determining the electrical power by measurement

Determine the total resistance and electrical power of the two circuits by measuring current and voltage.

Electrical power of circuit 1

— Enter current and voltage arrows in the circuit wherever you measure current and voltage.

—  Build the circuit.

Exercise 5: Determining the electrical power for two circuit variants

— Measure the component currents and component voltages.

—  Enter the measured values in the tables.

I total

R,

I

w|] o]

Measuring circuit 1 with U=10 V, R1 = 100 Q, R, = 330 Q, R3=220Q

L

Identifier Designation Values

Ry Resistor 100Q/2 W
Ry Resistor 330Q/2 W
Rs3 Resistor 220Q/2 W

- Digital multimeter

- Basic power supply unit EduTrainer®

Equipment list
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Exercise 5: Determining the electrical power for two circuit variants

58

Component current 7; (mA) Component current 7, (mA) Total current Zi,s (MA)
17.2 25.7 42.7
Measurement log: Currents

Component voltage Ur; (V) Component voltage Ur, (V) Component voltage Ug; (V)
4.31 5.67 5.67

Measurement log: Voltages

— Calculate the total resistance using the measured values.

U 10V

R=— =1
I 42.7 mA

=234Q

total

— Calculate the electrical power of the circuit from the measured values.

Electrical power of measuring circuit 1:

P=U-I,,=10V-427mA =10V -0.0427 A =0.427 W
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Exercise 5: Determining the electrical power for two circuit variants

Electrical power of circuit 2

— Enter current and voltage arrows in the circuit wherever you measure current and voltage.
—  Build the circuit.

— Measure the component currents and component voltages.

— Enter the measured values in the tables.

Itatal

I] Iz

R,

R,

Measuring circuit 2 with U=10 V, R1 =100 Q, R> =330 Q, R3=220Q

Component current 7; (mA) Component current 7, (mA) Total current Zi,s (MA)

22.66 45.0 67.7

Measurement log: Currents

Component voltage Ur: (V) Component voltage Ur, (V) Component voltage Ug; (V)

2.33 7.66 10.0

Measurement log: Voltages

— Calculate the total resistance from the measured values.

_ U _ OV 70-1480

I, 67.7mA

total
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Exercise 5: Determining the electrical power for two circuit variants

— Calculate the electrical power of the circuit from the measured values.

Electrical power of measuring circuit 2:

P=U-1,,=10V-67.7mA =10V -0.0677 A=0.677 W

tota

Determining the total resistance
Hybrid circuits are combinations of series and parallel circuits.

You break down the hybrid circuit by first calculating the equivalent resistances of parts of a circuit
of this type and then calculating the total resistance of the complete circuit.

60 © Festo Didactic 567209



Exercise 5: Determining the electrical power for two circuit variants

Total resistance for hybrid circuit 1

— Combine the resistances of the parallel circuit into one resistance.

—  Sketch the equivalent resistance of the parallel circuit in the simplified circuit and specify the
formula for calculating the equivalent resistance.

— Then determine the total resistance of the series circuit produced in this way.

Circuit Resistance value

Individual resistances in the circuit

R1=100Q, R, =330 Q, Rs=220Q

R,

R, -R 22002 - Q
Ryy = e 0 330 =132Q
R, +Ry 220Q+330Q
5 ]
7
I i U
Rz H
Ry =R + Ry =100Q2+132Q0=2320

- i o ||
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Exercise 5: Determining the electrical power for two circuit variants

62

Total resistance for hybrid circuit 2
— Combine suitable resistances into one resistance.

—  Draw the simplified circuit and specify the formula for calculating the equivalent resistance.
— Repeat the two steps until the entire circuit is represented by one resistance.

Circuit

Resistance value

R,

R,

ol

Individual resistances in the circuit

R1=100Q, R, =330 Q, Rs=220Q

R, =R +R,=100Q+330Q=4300Q

|

_ BB 43002200

AT R, 4Ry 430Q+220Q
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Exercise 5: Determining the electrical power for two circuit variants

Selecting the circuit with the higher power

Formulae for calculating the electrical power
Use the following formula so that you do not have to rely on measured values when calculating the electrical
power of a circuit:

— Using Ohm's law and the formula for power P=U -1, explain why the two formulae are valid:

U
P=— P=1*-R
R

The voltage is calculated as follows in accordance with Ohm's law:

U=R-1

Inserted in the formula for the power P:

P=U-I=(R-1)-1=R-I*

The current intensity is calculated as follows in accordance with Ohm's law:
Y

R

Inserted in the formula for the power P:

U2

P=U. ==
R

= | S

— Describe how the electrical power P changes if the voltage U'is doubled.

If the voltage U is doubled, then the associated electrical power P is quadrupled.
The power P is calculated as follows: P=—

The power P at twice the voltage U is calculated as follows:

_(u) _2ut Ut
R R R

P
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Exercise 5: Determining the electrical power for two circuit variants

Calculating the electrical power for circuit variants 1 and 2
— Calculate the electrical power for the two hybrid circuits.
Use the calculated total resistance for the calculation.

R,
R,

e I I S R

R,

Circuit 1: R1=100Q, R> =330Q, R3=220Q Circuit 2: R1=100Q, R, =3309Q, R3=220Q
U=10V U=10V

Electrical power of circuit 1:

2 2
p=Y OV 3w
R 232Q

Electrical power of circuit 2:

2 2
pU OV s w
R 146 Q2

Selecting the circuit with the higher power
— Compare the electrical power of circuit 1 and 2 and select the circuit with the higher power.

Circuit 2 provides the higher electrical power. If the resistances are combined, then the basic circuit
is a parallel circuit.
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Exercise 5: Determining the electrical power for two circuit variants

Calculating the electricity costs for electrical work
Find out how electrical work is defined. Then calculate the costs for operating a hotplate.

—  Specify the unit of measurement and the formula for calculating the electrical work.

W=U-I-t

here W is electrical work in Ws =)
U is electrical voltage in V
1 is electrical currentin A
t istimeins

Other formulae for calculating the electrical power:

Using QO=1-¢ gives W=U-Q
Using P=U-I gives W=P-t

— Calculate the annual cost of operating a hotplate that is used for an average of one hour per day.
The hotplate's electrical power consumption is 1,200 W. 1 kWh costs 20 cent.

Given
Power P=1,200W
Operating time t=365h

Rate 20 cent/kWh

To be found
Costsin €

Calculation

Electrical work:

W=P-t=1200 W -365 h = 438000 Wh =438 kWh

Costs for the electrical work:

0.20 _© 438 kWh =87.60 €
kWh

The annual cost of operating the hotplate is €87.60.
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Exercise 6:
Selecting measuring circuits

Learning objectives
After completing this exercise:
e You will be able to use suitable measuring circuits to perform measurements.
e You will be able to test the function of electric circuits.

Problem description
In a circuit, a resistance value is determined indirectly by means of a voltage/current measurement.
The resistance value is 27 Q. The control measurement using the digital multimeter gives a value of 22 Q.
What is the reason for this big deviation?
The voltage error circuit was used as the measuring circuit for the indirect resistance measurement. Current
and voltage were measured at the same time.

Check whether the indirect resistance measurement was performed correctly.

Circuit

@@

(1]
-

i

22
@
OO0 OO o

=

PCB with circuit
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Exercise 6: Selecting measuring circuits

Project assignments
Build the voltage error circuit and check the measured values.
Find out other measuring circuits for indirect resistance measurement.

3. To gain a better understanding of the measuring circuits, describe Kirchhoff's first (nodal) and
second (mesh) laws.

4. Supported by measurement experiments, decide when the voltage error circuit and when the
current error circuit should be used for indirect measurement of a resistance.

Work aids
e Textbooks, books of tables
e Datasheets
e Internet

Note
Do not switch on the electrical power supply until you have made and checked all the connections. Once
you have completed the exercise, switch off the power supply again before dismantling the components.
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Checking the indirect resistance measurement with voltage error circuit

Use the prescribed resistance of 22 Q for the measurement.

Determine the exact resistance values according to the direct measuring method using the
digital multimeter. Enter the values in the measurement log.

Build the voltage error circuit.
Measure voltage and current at the same time for the selected resistance.

Enter the measured values as well as the calculated resistance value and the formula for calculating

the resistance value in the table.

Evaluate the measurement results.

Voltage error circuit

Identifier

Designation

Values

Exercise 6: Selecting measuring circuits

R

Resistor

22Q/2W

Digital multimeter

Basic power supply unit EduTrainer®

Equipment list

The resistance R is calculated in accordance with the formula:
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Exercise 6: Selecting measuring circuits

R (Q) measured /(mA) measured
using multimeter

U (V) measured

R (Q) calculated
from measured values

221 182

4.99

27.4

Measurement log: Voltage error circuit

Evaluation

The voltage error circuit for determining the resistance value gives too high a value.

Compiling the possible measuring circuits for indirect resistance measurement

When measuring resistance indirectly, you calculate the value of the unknown resistance from the measured

values for current and voltage.

The internal resistance of the ammeter and voltmeter influences the measurement result. Depending on
the magnitude of the unknown resistance, that is why different measuring circuits are used.

— Research the types of measuring circuits available.
— Complete the measuring circuits and also write down the name of the measuring circuit.

Voltage error circuit

70

Current error circuit
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Describing Kirchhoff's first and second laws

The laws governing series and parallel connection play a role when evaluating measuring circuits.
The laws are generally formulated as Kirchhoff's first and second laws.

Kirchhoff's first law

Parallel connection of resistors results in branching points (so-called nodes) in the electrical current.

— Formulate Kirchhoff's first law.
Kirchhoff's first law
In each node, the sum of the currents flowing into the node is equal to the sum of the currents
flowing out of it or the sum of all currents is zero.

— Enter the formula that applies to the currents for the circuits.

Sample circuit Formula for calculating the currents

L+ 1, + 1y =1,+15

I
R,
— I=0+1,+1,
| S|
LA R X
C+—e—
L
— B
| S|

Sample circuits for Kirchhoff's first law
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72

Kirchhoff's second law

A certain voltage distribution takes place in a closed electrical circuit (also called a mesh).

—  Formulate Kirchhoff's second law.
— Enter the formula that applies to the voltages for the sample circuit.

Kirchhoff's second law
The sum of all component voltages is zero in any closed electrical circuit.

Sample circuit Formula for calculating the voltage

U=Ug, +Ug,

ol
ol

Sample circuit for Kirchhoff's second law
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Evaluating the current and voltage error circuit

To be able to assess the use of the different measuring circuits, perform measurement experiments using
a high-impedance and a low-impedance resistor.

— Use both measuring circuits for a high-impedance resistor as well as the prescribed low-impedance
resistor. To do this, select a suitable high-impedance resistor.
Also enter the resistor in the equipment list.

— Determine the exact resistance value for the two resistors according to the direct measuring method
using the digital multimeter. Enter the values in the measurement log.

— Build the two measuring circuits for the two resistors one after the other and perform the necessary
current and voltage measurements.

—  Enterthe measured values as well as the calculated resistance value in the corresponding measurement log.

(- —®
=L@ ) =R Ol

Voltage error circuit Current error circuit
Identifier Designation Values
R Resistor 22Q/2W
R Resistor 10kQ/2 W

- Digital multimeter -

- Basic power supply unit EduTrainer® -

Equipment list
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74

R (Q) measured 1 (mA) measured U (V) measured R (Q) calculated
9.94 kQ) 0.5 5.0 10 kQ

22.1Q 182 4.99 27.42Q
Measurement log: Voltage error circuit

R (Q) measured 1 (mA) measured U (V) measured R (Q) calculated
9.94 kQ 0.5 4.99 9.98 kQQ

22.1Q 182.2 3.96 21.73Q

Measurement log: Current error circuit

— Evaluate the measurements. Decide which measuring circuit provides the more accurate results

for low impedance and high-impedance consuming devices.

The voltage error circuit is suitable for high-impedance consuming devices.
The current error circuit is suitable for low-impedance consuming devices.
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Exercise 6: Selecting measuring circuits

One variable is measured incorrectly in both measuring circuits.

—  Sketch the component voltages and component currents as well as the total voltage and total current
in both measuring circuits.

—  For each measuring circuit, name the electrical variable that is calculated incorrectly.

— Explain why this variable is calculated incorrectly.

e
l” N

U
A

Voltage error circuit

Voltage error circuit
In the voltage error circuit, it is the total voltage U that is measured and not the voltage Ur applied
to the resistor R.

Uis calculated as follows: U =U, + Uy (Kirchhoff's second law)

The total voltage is therefore higher than the voltage applied to the resistor R. That is why this circuit
is called a voltage error circuit.

In high-impedance consuming devices, the internal resistance of the ammeter is small compared with

the resistance to be measured. The internal resistance and therefore the ammeter's voltage drop exert
very little influence on the measurement result.

© Festo Didactic 567209

75



Exercise 6: Selecting measuring circuits
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Current error circuit

Current error circuit
In the current error circuit, it is the total current intensity 7 that is measured and not the current
intensity Iz flowing through the resistor R.

Iis calculated as follows: I=1I3 +1, (Kirchhoff's first law)

The total current intensity 7 used is greater than the current intensity r flowing through the resistor.
The circuit is therefore called a current error circuit.

The current error circuit is better with low-impedance consuming devices. Here, the low current flow

through the high-impedance voltmeter only has a minimal effect on the measurement result compared
with the current flow through the low-impedance consuming device.
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Exercise 7:
Designing a circuit for a voltage divider

Learning objectives
After completing this exercise:
e You will be familiar with loaded voltage dividers as an application of hybrid circuits.
e You will be able to calculate the output voltage for an unloaded and a loaded voltage divider.
e You will be able to size a loaded voltage divider.

Problem description
Avoltage divider is to be installed in the circuit of the battery charger for the mobile Robotino® robot.
The voltage divider's function is to generate an output voltage of U =2 V from a total voltage of U= 12 V.
The load current through the consuming device is 10 mA.
In order for the output voltage to remain relatively constant even when the load fluctuates, the transverse
current through the voltage divider should be five times greater than the load current.

Design and size the circuit for the voltage divider.

Circuit

Battery charger for Robotino®
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Exercise 7: Designing a circuit for a voltage divider

Project assignments

Calculate the output voltage at the unloaded voltage divider.

Measure the output voltage at the unloaded voltage divider.

Specify the formula for calculating the output voltage at the loaded voltage divider.
Measure the output voltage at the loaded voltage divider.

Design and size the circuit for the battery charger's voltage divider.

Ul &~ W N

Work aids
e Textbooks, books of tables
e Datasheets
e WBT Electrical engineering 1
e Internet

Note
Do not switch on the electrical power supply until you have made and checked all the connections. Once
you have completed the exercise, switch off the power supply again before dismantling the components.
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Exercise 7: Designing a circuit for a voltage divider

Calculating the output voltage at the unloaded voltage divider

Voltage dividers are used if available voltages are too high and therefore need to be divided.

+0O

R,

R,

Fixed unloaded voltage divider

The voltage divider consists of two resistors R1 and R» connected in series. There is no consuming device
connected to the unloaded voltage divider.

The component voltage U- is also called the output voltage of the voltage divider.

The output voltage of the unloaded voltage divider is the voltage drop across the resistor R,.

—  Specify the formula for calculating the output voltage U-.

In the series circuit, the component voltages behave like the associated resistances.

U R R+R

UZ _R72 RZ

This gives the following for the output voltage Ua:
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Exercise 7: Designing a circuit for a voltage divider

— Calculate the output voltage U- for the unloaded voltage divider. The voltage divider is constructed with
the resistors R1 = 680 Q and R, = 330 Q. The total voltage Uis 10 V.

Given
Resistance R1=680Q
Resistance R>»=330Q
Voltage U=10V
To be found

Output voltage U> inV

Calculation
U R+R
U2 RZ

This gives the following for the output voltage Ua:

R
By 10V 3300 10V 330(2:

= . = . 327V
R +R, 680 kQ+330 £kQ2 1010 ©

U,=U

Voltage divider with potentiometer
In order to be able to adjust the voltage U, one potentiometer is connected to the electrical circuit instead
of the two fixed resistors. The adjustable pick-off divides the total resistance R into R1 and R..

— Complete the circuit so that you end up with an adjustable unloaded voltage divider.

+O

R,
U 2 [
R,

U,

Adjustable unloaded voltage divider
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Measuring the voltages at the unloaded voltage divider

Exercise 7: Designing a circuit for a voltage divider

Create the characteristic for an unloaded voltage divider. The characteristic shows the dependence of the

output voltage U, on the set resistance Ro.

Construct the voltage divider using a potentiometer so that you can adjust its resistance R..

— Build the circuit with the variable voltage divider.

R

R,

Adjustable unloaded voltage divider with R =1 kQ, U=10V

Identifier

Designation

Values

R

Potentiometer

1kQ/0.5W

Digital multimeter

Basic power supply unit EduTrainer®

Equipment list

— Apply aDCvoltage of 10 V to the circuit.

— Measure the voltages Ui and U at the specified potentiometer positions.

—  Enter the measured values in the table.

Measurement log: Output voltage

Potentiometer position 0 1 2 3 4 5 6 7 8 9 10
Ui (V) 9.94 9.29 7.91 6.70 5.77 4.79 3.88 2.86 1.76 0.66 0.01
U (V) 0 0.6 2.02 3.23 4.18 5.12 6.08 7.07 8.18 9.28 9.93
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Exercise 7: Designing a circuit for a voltage divider

— Draw the characteristic of the output voltage U: as a function of the potentiometer setting. To do this,
transfer the measured values for U to the graph.

Volﬂage U,
Ne.
N

N\

N

N

1%,
N

~
\

w
\\

N

pury

(==

0 1 2 3 4 5 6 7 8 9 10
Potentiometer position a

y

Characteristic Uz = fa).
a is the rotation angle of the potentiometer and specifies the potentiometer position

—  Describe the waveform of the characteristic.

The characteristic of the potentiometer Uz = f() is a straight line.

— Describe the relationship between the component voltages Ui and Us.

When the component voltages Ui and U- are added, this results in the applied voltage U regardless
of the potentiometer position.

U=U,+ U,
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Exercise 7: Designing a circuit for a voltage divider

— Calculate the component resistance R: for the potentiometer position 4. The component voltage U: is
picked off for this resistance R..

Given
Component voltage U,=4.18V

To be found
Component resistance R, in Q

Calculation
U R+R
U2 RZ

Solved for R:

418V

. -1kQ=0.418-1000 Q=418 O
10V

U
Rzzﬁ.(RﬁRz):

Formula for calculating the output voltage at the loaded voltage divider

The component voltage U: achieved by dividing the voltage is generally supplied to a consuming device R..
In this case we talk about a loaded voltage divider.
The voltage drop at the parallel circuit is the output voltage of the loaded voltage divider.

+O

Fixed loaded voltage divider with cross current /5 and load current /.

The parallel connection of R; and R. changes the voltage ratio of R: and R. compared with an unloaded
voltage divider.
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84

The voltages and resistances in a loaded voltage divider are calculated using a ratio equation. To do this,

you need the equivalent resistance Ra of the parallel circuit containing R, and R..

— Specify the formula for calculating the equivalent resistance Ra.

_ BB

AR 4R

—  Specify the formula for calculating the output voltage U-.

The following ratio equation applies to the series circuit consisting of the resistance R: and the
equivalent resistance Ra:

U R + Ry
U, Ry

This gives the following for the output voltage Ua:

—  Specify the formula for calculating the total current 1.

I=1I,+ I
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Exercise 7: Designing a circuit for a voltage divider

— Describe how the voltage ratios in the loaded voltage divider change compared with the unloaded

voltage divider.

Information
If the transverse current /g is a multiple of the load current /i, then the output voltage U: is relative load-

independent. Conversely, this means that the resistance R. should be a multiple of the resistance R..

I I
— —

+O +O

R, i Uy
U U

Rz Uz

-0 L 4 O -0

Unloaded voltage divider Loaded voltage divider

In the unloaded voltage divider, the output voltage U: is determined by the resistance R..

In the loaded voltage divider, the output voltage U: is determined by the equivalent resistance Ra.
The following applies to the equivalent resistance Ra: it is always smaller than the smallest resistance
in the parallel circuit. The equivalent resistance Ra is therefore always smaller than the resistance R..

The voltage U- therefore decreases.

The total resistance of the circuit is reduced by the load resistance R.. The current consumption 7 of
the circuit therefore increases. The voltage U at the resistance R: increases.
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Exercise 7: Designing a circuit for a voltage divider

Measuring the output voltage at the loaded voltage divider

Determine the effect of a change in the load resistance on the output voltage U by means of suitable
measurements. Therefore select four different load resistances for the measurements.

In order to be able to adjust the voltage U- of the loaded voltage divider, use a potentiometer. Depending on
the position of the wiper (rotation angle o of the potentiometer), a voltage from 0 — Unax can now be set.

—  Build the circuit with the adjustable voltage divider.

Adjustable loaded voltage divider with R = 1 kQ)
and different load resistances: R. =100 Q, R =330Q, R =1 kQ, R. =10 kQ

Identifier Designation Values

R Potentiometer 1kQ/0.5 W
RL Resistor 100Q/2 W
R Resistor 330Q/2 W
R Resistor 1kQ/2wW
R Resistor 10 kQ/2 W
- Digital multimeter -

- Basic power supply unit EduTrainer® -

Equipment list

— Apply aDCvoltage U =5V to the circuit.
— Measure the voltage U: at the specified potentiometer positions for each load resistance R..
—  Enter the measured values in the table.
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Measurement log: Output voltage

Potentiometer position 0 1 2 3 4 5 6 7 8 9 10
U- (V) for Ru= 10 kQ 0 0.31 1.00 1.55 2.02 2.51 2.96 3.44 4.00 4.56 4.94
U> (V) for Ru=1kQ 0 0.3 0.87 1.30 1.64 2.01 2.40 2.94 3.46 4.33 4.93
U- (V) for Ru= 330 kQ 0 0.26 0.65 0.94 1.17 1.30 1.72 2.13 2.73 3.68 4.85
U- (V) for Ru= 100 kQ 0 0.20 0.36 0.48 0.58 0.70 0.85 1.10 1.55 2.54 4.59

— Draw the four characteristics for the output voltage U: as a function of the potentiometer position. To
do this, transfer the measured values for U- to the graph.

=
(=]
|
T

Voltage U, —®
<
l
T

R, =1kQ

Ry =10 kQ

R,=330Q

Potentiometer positiona ———»

Characteristics U = f(a).
a is the rotation angle of the potentiometer and specifies the potentiometer position

— Describe the waveform of the characteristics.
The characteristics of the loaded voltage divider do not have a linear waveform. Depending on the

extent of the load, the voltage change per unit is smaller in the bottom adjusting range than in the
top adjusting range.
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Exercise 7: Designing a circuit for a voltage divider

— Describe what effect the magnitude of the load resistance has on the output voltage U of the

voltage divider.

The smaller the load resistance R\, the more curved the characteristic waveform.

With small values for Ri, precise voltage values U- are difficult to set. Load fluctuations then

have a relatively strong effect on the output voltage U-.

— Calculate the output voltage U- of the voltage divider for all four load resistances for the

potentiometer's mid-position.

—  Enter the values to be found in the table.

Given

Resistance R1 when the wiper is in the mid-position

R =R,=0,5-1kQ=500Q
Voltage U=5V

To be found

Output voltage U: for load resistance R. =100 Q, R.=330Q, RL=1kQ , RL =10 kQ

Calculation

U _ R +R,
U2 RA

Solved for Us:

Ra

Uy=U-—2—
R + Ry

The equivalent resistance of the parallel circuit is calculated as follows:

_ BBy

AR 4R,

Load resistance Equivalent resistance Output voltage
RL=100Q Ra=83.33Q U,=0.71V
R =330Q Ra=198.80 Q2 Ur=1.42V
Ri=1kQ Ra=333.33Q U,=2.00V
Ri=10kQ Ra=476.19Q Ur=2.44V
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Designing and sizing the circuit for the voltage divider

— Complete the circuit for the battery charger's voltage divider.
Use fixed resistors and enter a resistor as a replacement for the consuming device.

Circuit for the voltage divider

— Size the resistances R: and R: of the voltage divider.

Given
Total voltage U=12V
Output voltage U,=2V
Load current I =10 mA
1
Transverse current —=35
IL
To be found

Transverse current o in mA
Voltage divider resistance R1in Q
Voltage divider resistance Rz in Q

Calculation
r U _U-U
g I

Iy is calculated as follows:

I, =51 =5-10mA = 50 mA
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Exercise 7: Designing a circuit for a voltage divider

90

Iis calculated as follows:

I=1,+ I, =50 mA +10 mA =60 mA

This gives the following for Ri:

U U-U, 12V-2V 10V

R:— =
g I 60mA  0.06A

R> is calculated as follows:

Uy 2V _ 2V

I, S0mA 005A

h =

40Q

Result:

The resistances of the voltage divider are: R1 =167 Q and R, = 40 Q.

=167 Q
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Exercise 8:
Designing safety circuits for a drill

Learning objectives

After completing this exercise:

e You will be familiar with the circuit symbols and mode of operation of the non-linear resistors NTC,
PTC, VDR, LDR.

e You will be able to trace and interpret the characteristics of non-linear resistors.

e You will be able to select and use non-linear resistors as appropriate to the technical requirements.

Problem description
The safety circuits for an electric drill are still incomplete.
To make the drill more durable, it is equipped with thermal overload protection. The thermal
overload protection is to be realised using a non-linear resistor.
Avoltage-dependent resistor is to be used to prevent voltage surges in the drill's control electronics.

Select suitable resistors and safety circuits for the drill.

Positional sketch

Drill
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Exercise 8: Designing safety circuits for a drill

Project assignments

Find out which non-linear resistors are available to you.

Describe the mode of operation of the temperature-dependent resistors NTC and PTC.
Trace the characteristic of the NTC resistor.

Sketch the behaviour of the PTC resistor.

Trace the characteristic of the VDR resistor.

Investigate the behaviour of the LDR resistor by means of measurement experiments.
Select a suitable non-linear resistor for limiting current in the drill.

W NV W

Create the circuit for using the VDR resistor as overvoltage protection for the drill.

Work aids
e Textbooks, books of tables
e Datasheets
e WBT Electrical engineering 1
e Internet

Note
Do not switch on the electrical power supply until you have made and checked all the connections. Once
you have completed the exercise, switch off the power supply again before dismantling the components.
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Compiling the non-linear resistors

Exercise 8: Designing safety circuits for a drill

Resistors are components with a particular resistance behaviour. Based on their behaviour in the electrical

circuit, a differentiation is made between

linear resistors and
non-linear resistors.

— Describe the key characteristic of linear resistors.

Linear resistors are resistors with a linear voltage/current characteristic. Ohm's law applies.

— Describe the key characteristic of non-linear resistors.

Non-linear resistors have a non-linear voltage/current characteristic.
The current/voltage characteristic is therefore not a straight line.

The resistance value changes as a function of one or even more than one physical variable such

as voltage, temperature, pressure or light.

—  Find out which non-linear resistors are available for DC circuits.
— Enter the resistors in the table and complete the associated fields.

Non-linear resistor

Change in resistance due to

Circuit symbol

NTC resistor Temperature
S h
VDR resistor Voltage
u
LDR resistor Light
74
-

Non-linear resistors in the equipment set
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Exercise 8: Designing safety circuits for a drill

Describing the mode of operation of temperature-dependent resistors

With temperature-dependent resistors, the resistance value changes as a function of temperature.

Two types of temperature-dependent resistors are differentiated:

e PTCresistors
e NTC resistors

— Complete the table and describe which resistor conducts electrical current better in cold conditions

and in hot conditions.

PTC resistors
(Positive Temperature Coefficient)

NTC resistors
(Negative Temperature Coefficient)

Positive temperature coefficient a

Negative temperature coefficient a

Temperature increases N Temperature increases N
Resistance value increases ™ Resistance value decreases N
o # 54

The resistor conducts better in cold conditions
- PTC thermistor

The resistor conducts better in hot conditions
- NTC thermistor

Temperature-dependent resistors

Temperature-dependent resistors are characterised by their temperature coefficient a.

— Describe what is meant by the temperature coefficient a.

The temperature coefficient o specifies the percentage change in the resistance value when

the temperature is increased by 1 K.

Temperature-dependent resistors can be heated up in different ways

e External heating
e Self-heating

— Describe what is meant by external heating and self-heating.

External heating:

The resistor is heated up by the ambient temperature.

Self-heating:

The resistor is heated up by the current flowing through it.

94
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Determining the characteristics of the NTC resistor

Trace the characteristics of the NTC resistor.

To do this, start by performing the measurements for the voltage/current characteristic. Using

the voltage/current characteristic, create the voltage/resistance characteristic.

The change in the resistance of the NTC resistor is temperature-dependent and is to be induced through
self-heating of the NTC resistor. The self-heating is induced through the application of different electrical
loads to the NTC resistor.

O

b e

— r= N

Measuring circuit with NTC resistor

Identifier Designation Values

R NTC resistor 4.7 kQ2/0.45 W

- Digital multimeter -

- Basic power supply unit EduTrainer® -

Equipment list

— Investigate and explain whether precautions to limit current and voltage need to be made during

the measurements.

If the voltage Uis increased, the electrical load on the resistor increases. The associated increase
in temperature reduces the resistance value. The current intensity rises disproportionately.
The current in this circuit must be limited to ensure that the maximum power loss of the NTC resistor

is not exceeded during the measurements.
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— Calculate the maximum current intensity 7 that can flow through the NTC resistor at a voltage U =25 V.

The following formula applies:
P=U-I
Solved for I:

I:E:M:O.OISA
U 25V

At U = 25V, the current intensity must be limited to / = 18 mA.

—  Build the circuit.

— Measure the current through the NTC resistor at the voltages specified in the measurement log.

— Enter the measured values in the measurement log.

Note
After increasing the voltage, wait approx. 30 seconds before reading off the current.

This delay is to enable the NTC resistor to achieve a thermally stable state after a change in resistance.

— Calculate the power converted in the NTC resistor as well as the resistance value for the measured values.

Note

Abandon the series of measurements if the calculated power P reaches a value of 0.45 W.

The current through the NTC resistor must not exceeded 18 mA.

Measurement log: Voltage/current characteristic at 22°C room temperature

Voltage Unrc (V) 1 2 5 10 15 20 25
Current 7 (mA) 0.192 0.384 0.965 2.003 3.213 5.01 8.10
Power Pxrc (MW) 0.192 0.768 4.825 20.03 48.195 100.2 202.5
Resistance Ryrc (k) 5.208 5.208 5.181 4.993 4.669 3.992 3.086
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Exercise 8: Designing safety circuits for a drill

Note for the lesson
Other room temperatures may result in very different measured values.

— Draw the current as a function of voltage in the prepared graph.
— Describe which behaviour exhibited by the measured values points to self-heating of the NTC resistor.

Perceptible self-heating of the NTC resistor occurs during the series of measurements above a voltage
of approx. 15 V. The self-heating leads to a gradual increase in the current at constant voltage.

— Indicate the range for self-heating and external heating in the graph.
— Draw the resistance as a function of voltage in the graph as well.

T ‘ T ‘
101+ 101+
R ~
5] =
St Emd
H =]
% 3
o
8+ 8+
7+ 7+
I
61 61
*—o s R
5+ 5+
41 44
31 31+
24 24
1+ 1+
oL o =T : : : : — >
0 1 2 5 10 15 v 25

Voltage U ——

Voltage/current characteristic and voltage/resistance characteristic of the NTC resistor
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Exercise 8: Designing safety circuits for a drill

— Describe the behaviour of the voltage/current characteristic of the NTC resistor.

If the voltage is slowly increased, the current intensity initially rises in a linear manner. Outside
the range for self-heating, the current increases sharply.

— Explain the behaviour of the voltage/current characteristic.

In the flat part of the voltage/current characteristic, the supplied electrical power is so low that the
NTC resistor barely heats up. Only the ambient temperature determines the resistance value of the
NTC resistor. The resistance value is roughly constant. The current intensity rises linearly relative
to the voltage.

Above a voltage of approx. 15V, the supplied electrical power is so high that the NTC resistor heats
up. The working range for self-heating is now active. The resistance value of the NTC resistor
decreases, the current flowing through it is increased disproportionately.

— Name some sample applications of an NTC resistor.
The NTC resistor is used

e asatemperature sensor in the area of linear external heating,
e for limiting starting currents.

98 © Festo Didactic 567209



Exercise 8: Designing safety circuits for a drill

Describing the behaviour of a PTC resistor

—  Find out about the typical behaviour of a PTC resistor.

Sketch the basic waveform of the voltage/current characteristic of a PTC resistor in the prepared graph.
— Indicate the range for self-heating and external heating in the graph.
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External heating —#><—————— Self-heating ——————»

0 f f f f f f f f f f -
0 1 2 3 4 5 6 7 8 ' 10
Voltage U —»

Voltage/current characteristic of a PTC resistor

— Describe the behaviour of the voltage/current characteristic of the PTC resistor.

The current through the PTC resistor initially rises linearly as voltage increases, but then
drops suddenly as of a certain voltage.
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100

— Explain the behaviour of the voltage/current characteristic.

In the ascending part of the voltage/current characteristic, the supplied electrical power is so low
that the PTC resistor barely heats up. Only the ambient temperature determines the resistance
value of the PTC resistor. The resistance value is roughly constant. The current intensity rises
linearly relative to the voltage.

Outside the range for self-heating, the supplied electrical power is so high that the PTC resistor
heats up. The resistance value of the PTC resistor increases sharply due to the increase in
temperature; the current flowing through it is reduced accordingly.

Determining the characteristics for the VDR resistor
To learn about the behaviour of the voltage-dependent resistor, trace its characteristics.
To do this, start by performing the measurements for the voltage/current characteristic.
Using the voltage/current characteristic, create the voltage/resistance characteristic.
The voltage-dependent resistor is also called a VDR (voltage-dependent resistor) or varistor.

—  Explain the meaning of the individual symbols. To do this, complete the prepared fields.

Circuit symbol Meaning of the individual symbols

/ Non-linear, variable

u U Dependent on the voltage

— Investigate whether the properties of the VDR resistor require precautions to be taken during
the measurements.

With the VDR resistor, the resistance value decreases as the voltage increases. The falling resistance

and the rising voltage cause the current to increase disproportionately. It must therefore be ensured
that the power loss of the VDR resistor is not exceeded during the measurements.
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—  Build the circuit.

&)

Measuring circuit with VDR resistor

Identifier Designation Values

R VDR resistor 14 V/0.05 W

- Digital multimeter -

- Basic power supply unit EduTrainer® -

Equipment list

— Trace the series of measurements as specified in the measurement log.
—  Enter the measured values in the measurement log.

— Calculate the power converted in the resistor as well as the resistance value for the measured values.

Note

Do not trace the measured values during continuous operation as the varistor as a voltage-limiting

component is only designed for a certain power loss.
Abandon the series of measurements if the calculated power P reaches a value of 0.5 W.

Measurement log: Voltage/current characteristic at 22°C room temperature

Voltage U (V) 14 15 16 17 18 19 20 21 22
Current 7 (mA) 0.01 0.02 0.04 0.09 0.23 0.65 1.84 5.18 15.45
Power P (mW) 0.14 0.3 0.64 1.53 4.14 12.35 36.8 108.78 339.9
Resistance R (k2) 1400 750 400 188.9 78.3 29.2 10.9 4.1 1.4
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— Draw the current as a function of voltage in the prepared graph.
— Draw the resistance as a function of voltage in the graph as well.
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Voltage/current characteristic and voltage/resistance characteristic of the VDR resistor

— Describe the behaviour of the voltage/resistance characteristic of the VDR resistor.

The VDR resistor drastically reduces its resistance value as the voltage increases.
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Investigating the behaviour of the LDR resistor
To learn about the behaviour of light-dependent resistors, perform a number of qualitative measurements.
Light-dependent resistors are also called LDRs (light-dependent resistor) or photoresistors.
—  Build the measuring circuit.

Connect the indicator light P using connecting cables so that you can hold the indicator light close
to the LDR resistor.

Measuring circuit with LDR resistor R, series resistor R1=1kQ, U=12V

Identifier Designation Values

Ry Resistor 1kQ/2wW
Ry LDR resistor 100 V/0.2 W
P Indicator light 12V/62 mA

- Digital multimeter -

- Basic power supply unit EduTrainer® -

Equipment list

— Commission the circuit with a supply voltage of 12 V.
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104

—  Perform the measurements specified in the measurement log and enter the results in the log.

as close as possible

Current Iy pr (mA) Voltage Uypr (V) Resistance R pr (k)
LDR covered with a hand 0.34 11.67 34.324
LDR with normal room lighting 6.46 5.57 0.862
LDR with light source (indicator light P1) held |10.17 1.86 0.183

Measurement log

— Describe how the resistance value of an LDR resistor changes as incidence of light increases.

The resistance value of an LDR resistor decreases as incidence of light increases.

Selecting a non-linear resistor as thermal overload protection for the drill

The drill features thermal overload protection.

The function of the overload protection is to limit the current through the machine if an increased current

value is exceeded. Increased current values occur due to increased electrical load.

— Select a suitable non-linear resistor as overload protection and explain the reason for your choice.

Thermal overload protection for the drill is realised using a PTC thermistor (i.e. a PTC resistor).

The PTC resistor is connected in series with the drill. As a result, the same operating current flows
through the PTC resistor and the machine. If this current exceeds a critical value because the machine
has changed its resistance value due to overloading, the PTC resistor is heated up by the increased
current. The PTC resistor becomes high-impedance and limits the current to a harmless value.
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Exercise 8: Designing safety circuits for a drill

Designing the safety circuit with a VDR resistor for the drill

The VDR resistor is to be used to prevent voltage surges at a component in the drill's control electronics.

— Describe how a VDR resistor behaves during normal operation and in the event of voltage surges.

The resistance of a VDR is very high during normal operation. If voltage surges occur, the resistance
becomes very low almost without delay and dissipates charge.

— Describe how the VDR resistor has to be connected to the component to prevent voltage surges at the
component and explain why.
— Complete the VDR resistor in the circuit accordingly.

= “N

Circuit with VDR resistor as overvoltage protection

The VDR resistor is connected in parallel with the component to be protected.

If the voltage in the circuit increases, the resistance value of the VDR resistor changes. The resistance
value decreases. For the parallel circuit, this means that the total resistance also decreases. This is
because the total resistance is always smaller than the smallest individual resistance. The smaller
total resistance also means a smaller voltage drop. This means that the voltage at the sensitive
component cannot increase above a certain value (dependent on the VDR resistance).
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Exercise 9:
Constructing a DC voltage source

Learning objectives
After completing this exercise:
e You will be able to calculate and apply the characteristics of a voltage source.
e You will be able to trace and interpret the working characteristic of a voltage source.
e You will be familiar with the applications of power adaptation and voltage adaptation
for a voltage source.

Problem description
A DCvoltage is needed for actuating interfaces in a PC. The DC voltage source that is available supplies
too high a voltage. A series resistor is to be installed to reduce the voltage to the required value.

Construct the voltage source. Document the behaviour of the voltage source by tracking the working
characteristic and the power characteristic for the voltage source.

Circuit

r--—--—-——-—"—-—"=-—-—"=—-=-=--= =

| |

I 1 I O

| |

| Rs |

| |

| |

| il

| |

| |

| |

| |

| |

| |
Electromotive force source with constant voltage: Electromotive force Uo=6V
Consuming device at the voltage source: Load resistance Rs=100Q

Voltage U=1V

Equivalent circuit diagram for the DC voltage source
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Exercise 9: Constructing a DC voltage source

Project assignments

Describe the structure of an equivalent voltage source.

Describe the three load cases for an equivalent voltage source.

Describe how the characteristics of a voltage source are determined by measurement.
Construct the DC voltage source and create the current/voltage working characteristic for the

N W N -

voltage source.
Test the use of the DC voltage source for a further consuming device.

o v

Create the power characteristic of the DC voltage source.
7. Describe what applies to the resistances R.and Rs in the event of voltage adaptation.

Work aids
e Textbooks, books of tables
e Datasheets
e Internet

Note
Do not switch on the electrical power supply until you have made and checked all the connections. Once
you have completed the exercise, switch off the power supply again before dismantling the components.
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Exercise 9: Constructing a DC voltage source

Describing the structure of the equivalent voltage source
Voltage sources have different structures. An equivalent circuit diagram for voltage sources exists to enable
these sources to be compared despite their different structures. Each voltage source can be ascribed to this

equivalent circuit diagram, regardless of its actual structure.

— Name and describe the main elements in the equivalent circuit diagram.

Uo

Equivalent circuit diagram for voltage sources

Designation Description
Uo Electromotive force that supplies a constant electromotive force Us
Ri Internal resistance of the voltage source

L 0 Terminals for the consuming device

—0

— Why is the equivalent voltage source represented using a closed rectangular line?

The equivalent voltage source constitutes a device and is therefore represented by a closed line.
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Exercise 9: Constructing a DC voltage source

Describing the load cases for an equivalent voltage source

The load current /. flows when an electrical consuming device Ry is connected to the terminals of the voltage
source. The voltage picked off at the terminals is also called terminal voltage U..

— Complete the missing voltage arrows in the circuit.

L
—
L T
R,

Circuit with equivalent voltage source and consuming device

—  Specify the formula for calculating the terminal voltage U..
The circuit is a series circuit. The following therefore applies:

U,=U, +UL

Solved for the terminal voltage U.:

U =U,-U;=U,-R I
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Exercise 9: Constructing a DC voltage source

There are three load cases for a voltage source.

U L
— —
1
| I d
R

Circuit with equivalent voltage source and consuming device

— Complete the descriptions for the three load cases.
For each load case, specify the formula for calculating the terminal voltage and load current or short-
circuit current.

No-load operation
The equivalent voltage source has no load during no-load operation. There is no consuming
device connected.
The following applies to the load current /.
IL=0A
The following applies to the terminal voltage Ui:
U= Uo
Load operation
During load operation, an electrical consuming device is connected to the terminals of the voltage

source. The load current /. flows. The magnitude of the load current /. depends on the resistance R.
of the consuming device.

The following applies to the terminal voltage Ui:

U =Uy-R 1

The following applies to the load current /i

_ UO
R + Ry

Iy
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Exercise 9: Constructing a DC voltage source

Short-circuit operation
A short circuit occurs if there is a direct connection between the terminals of the voltage source.
The load resistance is then zero.

The following applies to the terminal voltage Ui:

U=0V

The short-circuit current Zsc flows:

U,
Jo. =29
SC R

The short-circuit current is only limited by the internal resistance Ri of the voltage source.

— Describe how the short-circuit current Isc behaves if the internal resistance Ri decreases.

The smaller the internal resistance, the greater the short-circuit current.

Determining the characteristics of a voltage source by measurement
The characteristics of a voltage source are the electromotive force Uo and the internal resistance Ri.

You can determine these two characteristics by measurement with the help of the load cases for
a voltage source.

U I
— —
1
| I | U
R,

Circuit with equivalent voltage source and consuming device
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Exercise 9: Constructing a DC voltage source

— Describe how to determine the electromotive force Uo by measurement.

The terminal voltage UL is measured using the 'no load' load case.

The following applies for the 'no load' load case: Electromotive force Uo = UL

— Describe how to determine the internal voltage Ri by measurement.

The short-circuit current Isc is measured using the 'short circuit' load case.

The internal resistance Ri can be calculated using the formula for the short-circuit current.
UO

Ige =—=

Internal resistance: R =——

Performing measurements relating to the working characteristic of the DC voltage source

Next construct the voltage source for actuating a PC interface.

Specifications
e The consuming device has a resistance value R. = 100 Q.
e The consuming device is supplied with a voltage U= 1 V.
e The following applies to the electromotive force: Uo =6 V.
e Aseries resistor Rs is to be used.
The series resistor represents the internal resistance of the voltage source.

As soon as the voltage source is constructed, create the associated working characteristic. The working
characteristic shows the dependence of the terminal voltage UL on the load current /..
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Exercise 9: Constructing a DC voltage source

114

Uo

%]

Circuit for the loaded voltage source with R = 100 Q

Identifier Designation Values

RL Resistor 100Q/2 W
Rs Resistor 1kQ/2W
Rs Resistor 1kQ/2W

Digital multimeter

Basic power supply unit EduTrainer®

Equipment list

— Calculate the series resistance Rs needed to produce a voltage U = 1V at the terminals of the

new voltage source.

Given

Electromotive force

Load resistance
Load voltage

To be found

U=6V
RL=100Q
U=1V

Series resistance Rsin Q
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Exercise 9: Constructing a DC voltage source

Calculation

The laws governing series connection apply to the circuit.

The load current /. is calculated as follows:

U
- v

————=001A=10mA
R 100Q

The series resistance Rs is calculated in accordance with the following formula:

Us is calculated as follows:

Ug=Uy-U, =6V -1V=5V

This gives the following for Rs:

o Uy _ 5V
ST 001A

=500 Q

— Select a suitable resistor or resistor combination from the available hardware. Specify the resistor
combination.

The series resistance Rs = 500 Q is produced by connecting two resistors R = 1 kQ in parallel.
— Add the series resistor to the equipment list.
—  Build the circuit.

— Determine the missing variables in the measurement log.

Voltage U, (V) Voltage U, (V) Voltage Us (V) Load current 7, (mA)

6 0.99 4.95 10.0

Measurement log
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Exercise 9: Constructing a DC voltage source
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To create the working characteristic of the voltage source, you will need the associated current and voltage
values for further load resistances R..

— Substitute the resistance values specified in the table for the load resistance R. = 100 Q and perform
the necessary measurements.

—  Enter the measured values in the measurement log.

Load resistance R, ()

Terminal voltage U, (V)

Load current 7, (mA)

Load case

0 0 11.98 << Short circuit
100 1.01 9.99

500 (470+33) 3.03 6.01

1,000 4.00 4.01

4,700 5.42 1.15

Infinite 6.00 0 << No load

Measurement log for the voltage/current working characteristic

— Transfer the measured values to the voltage/current graph and draw the working characteristic U(J) for

the voltage source.

Terminal voltage Uy, ———»

U() working characteristic of the voltage source

i i Z >
10 mA 12
Load current ; ———®>
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Exercise 9: Constructing a DC voltage source

— Describe how the terminal voltage UL changes as a function of the load current /..
The higher the load current /. of the consuming device, the lower the terminal voltage UL.
— Specify the value for the short-circuit current Zsc.
To do this, evaluate the characteristic. Verify the determined value by calculation.
Short-circuit current Isc measured:
Isc =11.98 mA

Short-circuit current Zsc calculated:

_Y_ SV o A=12mA

Jo = =
ST Ry 5000
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Exercise 9: Constructing a DC voltage source

Applying the working characteristic of the voltage source to a consuming device
A consuming device needs a power supply of 4.5 V and a current of 5 mA.

— Using the working characteristic of the voltage source, check whether it can be used to generate power
for the consuming device and explain your findings.

Terminal voltage Uy, ——»

——— —— — —| — — ——

AT e s

T h
6 7 8 9 10 mA 12
Load currenty; —»

Working characteristic of the voltage source

The voltage source is not suitable for supplying power to the consuming device.
With a current of 5 mA, the voltage source only supplies a voltage of 3.5 V at its terminals.
The consuming device, however, needs a power supply of 4.5 V.
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Exercise 9: Constructing a DC voltage source

Creating the characteristic for power adaptation of the voltage source

The power that is taken from a voltage source depends on the load resistance associated with the terminals
of the voltage source.

To create the power characteristic, the load current /i and the terminal voltage U. are therefore measured for
different load resistances Ri. The power supplied can then be calculated from the measured values.

— Calculate the power P supplied to the load resistor from the values for current and voltage.

Load resistance R, (Q2) Load voltage U, (V) Load current 7, (mA) Power P (mW)
set measured measured calculated
0 0 11.98 0
100 1.01 9.99 10
500 3.03 6.01 18
1,000 4.00 4.01 16
4,700 5.42 1.15 6
Infinite 6.00 0 0
Evaluation of the measurement log
—  Draw the power curve P(J) in the prepared graph.

T A A

24+ 64
_
)
H
e mw- v+

16 4 4 +

P
12+ 3+
8 2 4
4 1
Lo 11—
0 1 2 3 4 5 6 7 8 9 10 mA 12

Load current;, ———»

Working characteristic and power curve of the DC voltage source
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Exercise 9: Constructing a DC voltage source
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Describe the waveform of the power P supplied by the voltage source to the load resistor R..

The power curve is a parabola. The values rise to a maximum and then fall again.

Read from the graph the terminal voltage UL and load current /. for which the maximum power P is
supplied.

Information

Using a voltage source in such a way that it supplies maximum power to the consuming device is called
power adaptation.

Power adaptation is frequently used with wind power plants and solar plants to maximise the energy
yield. The internal resistance Riis dynamically adapted to the load resistance R. during this process.

The voltage source supplies the maximum power to the consuming device at

e U=3V
e [i=6mA
In general:

The supplied power P is highest when the terminal voltage UL is half as big as the electromotive force Ub.

Describe the relationship between load resistance R. and internal resistance Rior Rs if the voltage
source is supplying the maximum power to the load resistor.
To do this, evaluate the measurement log and the technical data for the voltage source.

The voltage source supplies the maximum power to the consuming device when the load resistance
and internal resistance are the same.

RiL=Ri
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Exercise 9: Constructing a DC voltage source

Calculate the efficiency n of the power P.
To do this, use the formula for calculating the efficiency.

The following applies to the efficiency n of the electrical power:

. P t P
Efficiency 1 = TOWET oW _ Zout

Powerin P,

The circuit is a series circuit with the two resistors Riand R..

With power adaptation, Ri = R.. The voltage drop is the same at the two resistors.

The following therefore applies to the power supplied at the resistors: Pi = PL.
This gives the following for the powers Pout and Pin:
Pout = PL

By=B+R=2-H

The following therefore applies to the efficiency n:

P
n=—_-_L -05=50%

fine]
)
i
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Exercise 9: Constructing a DC voltage source

Describing what is meant by voltage adaptation

Voltage sources are frequently used in sound engineering to supply the maximum voltage to the consuming
device. We then talk about voltage adaptation.

R[] o

Uo i l70=6v

Circuit for the loaded voltage source with R = 100 Q

— Describe the relationship between load resistance R. and internal resistance Rior Rs if the voltage
source is to supply maximum voltage to the terminals.
To do this, evaluate the measurement log.

Avoltage sources supplies the maximum voltage when the load resistance Ry is very big compared
with the internal resistance R..

RL» R

The total electromotive force Uo then drops almost entirely at the load resistor R..
The terminal voltage UL only changes very little if the load resistance R. changes.
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Exercise 10:
Selecting a capacitor with a short charging time

Learning objectives

After completing this exercise:

e You will be familiar with the structure, application and characteristics of a capacitor.

e You will be able to measure and evaluate the charging and discharging process of a capacitor
in a DC circuit.

Problem description

A capacitor is used in a circuit to store energy. Different resistors are available to build the capacitor circuit.

Select the resistor that charges the capacitor in the shortest time.

Circuit

I

Capacitor circuit with U= 10V, C = 100 pF
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Exercise 10: Selecting a capacitor with a short charging time

Project assignments

Research how energy storage works in the capacitor and answer the questions.

Specify the formula for calculating the capacitance of a capacitor.

Describe the characteristics and designs of capacitors.

Select a suitable circuit for performing measurements at the capacitor.

Perform measurements for determining the charging and discharging time of the capacitor.
Select the capacitor circuit with the shortest time constant.

I S o

Work aids
e Textbooks, books of tables
e Datasheets
e WBT Electrical engineering 2
e Internet

Note
Do not switch on the electrical power supply until you have made and checked all the connections. Once
you have completed the exercise, switch off the power supply again before dismantling the components.
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Exercise 10: Selecting a capacitor with a short charging time

Describing the behaviour of a capacitor

A capacitor is a passive electrical component with the capability to store electric charge and thus stores
electrical energy.

The capacitor consists at its most basic of two electrically conductive surfaces, the electrodes.
The electrodes are kept apart by an insulating material, the so-called dielectric material. The two

electrodes are so close together that the electrical forces can act through the insulating material.

Dielectric material

Electrode

Electrode

Schematic diagram of a capacitor

Note
In the simplest case, the electrodes consist of two conductive plates.

— Describe the behaviour of the capacitor when DC voltage is applied to its connections.

If a constant voltage is applied to the connections of an uncharged capacitor, an electrical current
flows briefly and charges one electrode positively and the other one negatively. This electrical charge
of the capacitor is maintained if it is disconnected from the voltage source. If a charge or a current

is taken from the capacitor, its voltage falls again.
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Exercise 10: Selecting a capacitor with a short charging time

Calculating the capacitance of a capacitor

Capacitor in the DC current

The capacitance is a measure for the charge that the capacitor can store when a specific voltage is applied.

—  Specify the formula for calculating the charge quantity Q.

0=C-U
where Q is the charge in As
C is the capacitance in F (Farad)

U is the voltage in V

The capacitance is determined by the structural size of the capacitor.

—  Specify the formula for calculating the capacitance C for a plate capacitor.

C=¢g) ¢, 3
where C is the capacitance in F (Farad)
€0 is the electrical field constant in As
Vm
&r is the permittivity number
A is the plate area in m?
d is the plate spacing in m

— Describe how the capacitance changes as a function of plate area and plate spacing.

The greater the area of a plate and the smaller the gap between the plates, the greater the
capacitance.
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Exercise 10: Selecting a capacitor with a short charging time

The Farad unit of measurement for a capacitor is too big in most cases. The common smaller units are
summarised in the table.

— Complete the prepared fields in the table.

Designation Unit of measurement Converted to Farad
1 millifarad 1mF 103F
1 microfarad 1 uF 10¢F
1 nanofarad 1nF 10°F
1 picofarad 1pF 1012 F

Describing the characteristics and designs of capacitors

Capacitors come in different versions as fixed capacitors and as capacitors with variable capacitance.

— Name the key characteristics of a capacitor.

Capacitors have the following characteristics:
e (Capacitance

e Dielectric strength

e Tolerance

e Insulation resistance

e Loss factor

Note for the lesson
The loss factor is significant when operating the capacitor with AC voltage.

— Describe what is meant by the dielectric strength of a capacitor.

The dielectric strength of a capacitor is dependent on the type of dielectric material. It determines

the highest voltage that can be applied to the capacitor. If the voltage is exceeded, the dielectric
material will no longer act as an insulator. Breakdown occurs through the dielectric material. A charge
exchange takes place between the capacitor's two electrodes. The energy that is released can be very
large. The charge exchange makes itself felt through a bang and an arc of light.
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Exercise 10: Selecting a capacitor with a short charging time

128

—  Find out which capacitors are available to you in your equipment set for DC and AC circuits.
— Enter the capacitors in the table and complete the associated fields.

Design Capacitance Circuit symbol Suitable for DC Suitable for AC
voltage voltage

Polypropylene film/film 100 pF, _”_ X X
capacitors 10 nF
Metallised polyester capacitors | 47 nF, _| l_ X x

0,1 pF,

0,22 F,

0,47 uF,

1 uF
Electrolytic capacitors 10 uF, _+| l_ X -

100 uF,

470 pF

— Describe why higher capacitances can be achieved with an electrolytic capacitor than a wound
capacitor.

With electrolytic capacitors, the insulating layer is generated by a sheer oxide film between

the plates. The oxide layer is much thinner than the thinnest film in a wound capacitor can be.
The smaller the space between the plates, the greater the capacitance of the capacitor.

— Name an example of a capacitor with variable capacitance.

Variable capacitors are capacitors with variable capacitance.
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Exercise 10: Selecting a capacitor with a short charging time

Selecting a circuit for measurements at the capacitor

Two circuit variants are available for measuring the charging and discharging process at the capacitor.

al
A A
- I i U C —/— == T i U
C ==
Circuit without series resistor Circuit with series resistor, also called an RC element
Note

Uncharged capacitors have no resistance value.

—  Select a circuit for your measurements at the capacitor and explain the reasons for your choice.
A circuit with series resistor is used for the measurements in order to limit the current flow in the circuit.
Uncharged capacitors have no resistance value. When a capacitor is connected directly to a voltage
source, a short circuit occurs briefly. The current that flows during this process is only limited by the

internal resistance of the voltage source and can damage the capacitor. That’s why capacitors should
always be charged and also discharged via a series resistor.
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Exercise 10: Selecting a capacitor with a short charging time

130

Measuring the capacitor's charging and discharging process

Investigate the capacitor's charging and discharging process by measurement. To do this, measure the

voltage and current values during the charging and discharging process.

Time response of current during the charging and discharging process
— Add the current arrow for the charging process and the discharging process to the circuit.

Ic

—>
B~

N
Jl

c =

]

[+

()
2

Measuring circuit with RC element: U= 10V, C = 100 pF, R = 100 kQ

Identifier Designation Values
R Resistor 100 kQ/2 W
C Capacitor 100 pF/63V

Digital multimeter

Basic power supply unit EduTrainer®

Equipment list

—  Build the circuit with a series resistor R = 100 kQ. Note the polarity of the capacitor when building

the electrical circuit.
— SetaDCvoltage of 10 V as the operating voltage.
— Measure the charging current as specified in the measurement log.
—  Enter the measured values in the measurement log.

Measurement log: Time response of current during the charging process

Charging time ¢ (s) | O 10 20 30 40 50
(at the moment of
switch-on)

Current I (uA) 95.7 40.5 15.9 6.5 2.7 1.3
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Exercise 10: Selecting a capacitor with a short charging time

—  Measure the current when discharging the capacitor in the same way.
To do this, turn the switch in the circuit.
— Trace the current values as specified in the measurement log and write down the values.

Measurement log: Time response of current during the discharging process

Discharging time ¢ (s) | O 10 20 30 40 50
(at the moment
of switch-on)

Current 7 (uA) -95.5 -40.0 -15.1 -5.8 2.2 -0.9

— Draw the current as a function of time in the prepared graph.
Sketch the charging curve in the range 0 — 50 seconds.
Sketch the discharging curve in the range 50 — 100 seconds.

— Indicate the range for charging and discharging in the graph.

A .
|
<¢————— Charging ———®<¢——— Discharging ————>|
|

Current ] ———

|
|
|
|
|
|
|
|
|
|
1
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1
|
i

Current waveform when charging and discharging a capacitor
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Exercise 10: Selecting a capacitor with a short charging time

—  Describe the waveform of the current.

e The current intensity initially falls swiftly during charging, and then increasingly slowly.

e During discharging, the current flows in the opposite direction to during charging and initially
falls swiftly and then more slowly.

e The charging and discharging currents are the same.

e The capacitor blocks the direct current after recharging. It has an almost infinite resistance
when charged.

— Calculate the current intensity /o at the switch-on moment when charging starts and enter the value

in the graph.
Given
Voltage U=10V
Resistance R =100 kQ
To be found

Current intensity fo in mA
Calculation
Uc is as follows immediately after switch-on:
U=0V
The initial current intensity /o is therefore:

=L Y10V IV 6001 A=0.1mA=100pA
Ry R 100KQ 10000
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Exercise 10: Selecting a capacitor with a short charging time

Time response of voltage during the charging and discharging process

— Build the circuit with a series resistor R = 100 kQ.

Measuring circuit with RC element: U= 10V, C =100 pF, R = 100 kQ

— SetaDCvoltage of 10 V as the operating voltage.

— Measure the charging voltage as specified in the measurement log.

—  Enter the measured values in the measurement log.

— Measure the voltage when discharging the capacitor in the same way.

To do this, turn the switch in the circuit appropriately.
— Trace the voltage values as specified in the measurement log and enter the measured values in the log.

Measurement log: Time response of voltage during the charging process

Charging timez(s) |0 10 20 30 40 50
(at the moment
of switch-on)
Voltage U (V) 0.07 6.05 8.46 9.33 9.68 9.81
Measurement log: Time response of voltage during the discharging process
Discharging time ¢ (s) |0 10 20 30 40 50
(at the moment
of switch-on)
Voltage U (V) 9.82 3.76 1.44 0.53 0.22 0.09
© Festo Didactic 567209
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Exercise 10: Selecting a capacitor with a short charging time

— Draw the voltage as a function of time in the prepared graph.
Sketch the charging curve in the range 0 — 50 seconds.
Sketch the discharging curve in the range 50 — 100 seconds.

— Indicate the range for charging and discharging in the graph.

A

<« —————— Charging ———®<———— Discharging T— %

<
I
T

Voltage U ————»
=
o
1

o

Voltage waveform when charging and discharging a capacitor

— Describe the waveform of the voltage.

e The voltage at the capacitor initially rises swiftly during charging, and then increasingly slower.
e The charging process continues until the capacitor voltage has increased to the terminal voltage .
e The voltage initially falls swiftly during discharging, and then increasingly slowly.

Note
Avoid discharging a capacitor too quickly, for example by means of a short circuit. The temporarily
very high current can damage the capacitor beyond repair.

— Specify the duration of the capacitor's charging and discharging time. To do this, evaluate the current
and voltage curves.

The capacitor's charging and discharging time is the same since the same series resistor is used for
the charging and discharging operation. The time is approx. 50 seconds.
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Exercise 10: Selecting a capacitor with a short charging time

Evaluating the time constant of a capacitor

Charging Discharging

k

Circuit for charging and discharging a capacitor

A capacitor takes a certain amount of time to charge. The charge time of the capacitor in the RC element
is measured using the time constant =

In theory, a capacitor needs an infinite amount of time to charge. In practice it is assumed that the
capacitor will be fully charged or discharged after thetime t =5 - 7.

—  Specify the formula for calculating the time constant z.

t=R-C

where 7 is the time constantins
R is the resistance for limiting current in Q
C is the capacitance in F

The momentary values for voltage and current when charging and discharging a capacitor can be calculated
using the following formulae:

When charging When discharging Where
. L ‘ L Uo is the charging voltage or
i,=1,-er" i,=—1I,-e" .
voltage at the charged capacitor
. . R is the resistance for limiting current in Q
u, =Uy(l—e 7) u,=U, e * e is the basic number 2.718
C C
t is the charging timein s
U,
=g

© Festo Didactic 567209 135



Exercise 10: Selecting a capacitor with a short charging time
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63% of the applied voltage is reached after the time when charging the capacitor.

The capacitor is fully charged after approx. 5 «.
During discharge, approx. 37% of the original voltage remains after the time =

Describe what percentage value of the switch-on current the current drops to during charging after

the time 7.

When charging a capacitor, the current falls to 37% of the switch-on current after the time .

Describe what effect the magnitude of the resistance has on the charging time of the capacitor.

The greater the resistance, the smaller the current intensity and the longer the charging time.
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Exercise 10: Selecting a capacitor with a short charging time

Selecting a capacitor with short charging time
The capacitor circuit should be designed for the shortest possible charging and discharging times.

The following specifications apply to the capacitor circuit:

The capacitor circuit is operated with U = 10 V DC voltage.
e Acapacitor with C =100 pF is used.

e The following series resistors are available:

R=10 kQ
R =100 kQ
R=1MQ

— Determine the charging times for the illustrated circuit variants by measurement or by calculation.
— Enter the charging times in the table.

Circuit with series resistor Circuit with series resistor Circuit with series resistor
R=10 kQ R =100 kQ R=1MQ
Chargingtimes =57 |55 50s 500s

Charging times for capacitor circuits

—  Select the circuit variant with the shortest charging time.

The smaller the capacitance C of the capacitor and the smaller the resistance R, the faster
the capacitor charges.

Charging time:

t=5-1=5-R-C

The capacitor circuit with the series resistor R = 10 kQ delivers the shortest charging time.
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Exercise 10: Selecting a capacitor with a short charging time

138 © Festo Didactic 567209



	Contents
	Use for intended purpose
	Preface
	Introduction
	Work and safety instructions
	Training package Fundamentals of direct current technology (TP 1011)
	Learning objectives – Fundamentals of direct current technology
	Allocation of learning objectives and exercises – Fundamentals of DC technology
	Equipment set
	Allocation of components and exercises – Fundamentals of direct current technology

	Notes for the teacher/trainer
	Structure of the exercises
	Component designations
	CD-ROM contents

	Exercises and solutions
	Exercise 1: Analysing electrical circuits and establishing laws
	Exercise 2: Analysing resistors
	Exercise 3: Determining the series resistance for a light emitting diode
	Exercise 4: Adding an electrical consuming device to a circuit
	Exercise 5: Determining the electrical power for two circuit variants
	Exercise 6: Selecting measuring circuits
	Exercise 7: Designing a circuit for a voltage divider
	Exercise 8: Designing safety circuits for a drill
	Exercise 9: Constructing a DC voltage source
	Exercise 10: Selecting a capacitor with a short charging time



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 15%)

  /CalRGBProfile (eciRGB v2)

  /CalCMYKProfile (ISO Coated v2 \050ECI\051)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.3

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams true

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile (None)

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Average

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.40

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Average

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.40

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Average

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /ESP <>

    /FRA <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /PTB <>

    /SUO <>

    /SVE <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /DEU <>

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [595.276 841.890]

>> setpagedevice



