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1.
Introduction into electrical engineering

Electric current is a very often used form of energy since it can be applied in many different ways and is easily available and transportable. In the sanitary, heating and air-conditioning sector especially the following characteristics and effects of electric energy are being used:

1.1
Effects of electric energy

1.1.1
Heat effect of electric energy

Electric energy can be converted into heat energy. E.g. the following appliances make use of this effect: Electro-ovens, arc welding sets, fuses and immersion heaters.

Diagram 1: Immersion heater
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1.1.2 Magnetic effect of electric energy

Each conductor that is carrying electric current is building up a magnetic field around itself. By rolling up the conductor to a coil this effect, i.e. the magnetic field can be even more increased.

The possibility to convert electric energy in magnetic field energy is e.g. used in: lifting magnets, contactors and in solenoid valves.

Diagram 2: Solenoid valve
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1.1.3 Chemical effect of electric energy

For many chemical reactions one needs electric energy to start/trigger and to keep the chemical reaction process going. Electric energy is e.g. used in galvanic installations/devices to recharge batteries or it is used in drinking water storage systems for the so called "sacrificial anode".

If a current flows through a conducting non-metallic liquid (electrolyte), this liquid is being decomposed. During the decomposition process the different substances the liquid is containing are being separated at the electrodes and can be extracted in this way. The separation is taking place at the surface of the electrodes. Normally it comes to an adhesion and thus to a surface refinement.

Diagram 3: Sacrificial anode
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1.1.4 Light effect of electric energy

If the amperage that is applied to a metal wire is high enough a light effect is resulting in addition to the heat effect. This effect is e.g. used in light bulbs.

The light effect can also be obtained with gases that are electrically conducting. An example for this is the fluorescent lamp.

Diagram 4: Different light bulbs and lamps
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1.1.5 Physiological effect of electric energy

One speaks of the physiological effect of electric energy if a current is applied to an organic body (e.g. human beings or animal) and triggers a muscular reaction there (e.g. muscle cramping). The physiological effect can be very harmful to the body if the currents are too strong. However, it can also have a healing effect if the current dosage is right. For this reason the physiological effect is very often used in medical treatments.

Diagram 5: Normal electrocardiogram













Diagram 6: Electrocardiogram of a fibrillating heart
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1.2
Fundamentals of physics

1.2.1 Structure of atoms

All elements we know are made of atoms.

Diagram 7: Shell model of the aluminium atom
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Diagram 8:
Grid model of the structure of metals with

bonding electrons (= "free electrons")

[image: image10.wmf]3

3

R

U

 

 

I

=


[image: image11.wmf]2

2

R

 

 

I

 

 

U

*

=


1.2.2 Characteristics of the components of atoms

Characteristics of the components of atoms

Component
Symbol
Charge
Mass
Mass ratio

Proton
p
positive
1,7 * 10-24g
1

Neutron
n
neutral
1,7 * 10-24g
1

Electron
e-
negative
9,1 * 10-28g
1/2000

1.3 The electric current

Unit of measurement
A
Ampere

(André-Marie Ampere, French Physicist, 1775-1836)

Unit symbol
I
Amperage

The electric current indicates how many electrons flow through the cross-section of a conductor per unit of time.

If 6,25 * 1018 electrons per second flow through a conductor cross-section a current of 1 Ampere is flowing.

Diagram 9: Flow of electrons
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If the electrons constantly move in one direction then one speaks of direct current. The following two symbols are used to indicate direct current on e.g. electric devices and instruments: [ ‑ ] or [ DC ].

Diagram 10: I-t-Diagram for direct current
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A current is called alternating current when the flow direction of the electrons is constantly changing in regular time intervals (periodically) with a simultaneous change of the current size. The alternating current energy supply companies are supplying to end users over the public electricity supply systems can be represented as a wave line (sinusoidal curve) with a number of 50 oscillations per second (see diagram 11 below). On electric devices and instruments the following two symbols are used to indicate alternating current: [ ~ ] or [ AC ].

Diagram 11: I-t-Diagram for alternating current
[image: image14.png]



Amperage examples

Device, machine, installation
Amperage

Exposure meter
0,001A

Light bulb
0,5A

Hand drill
2A

Fuse in a household
16A

Welding transformer
200A

Arc furnace (steel production)
150000A

1.4
The electrical voltage

Measuring unit
V
Volt

(Alessandro Volta, Italian Physicist, 1745-1827)

Unit symbol
U
Voltage

The components of atoms do have different electric charges:

· Electrons are negatively charged components of the atom shells

· Protons are positively charged components of the atom nucleus

· Neutrons are electrically neutral components of the atom nucleus

Since the elementary charge of an electron is too small for technical 6,25 * 1018 electrons are combined to a base unit. This base unit that serves to characterise the charge is called Coulomb (C) (Charles-Augustin Coulomb, French Physicist, 1736-1806).

In their normal state atoms posses as many electrons as protons so that the charge effects waive themselves and the atom appears electrically neutral to the outside.

Elements with different electrical charges attract each other and elements with the same electrical charges repel each other (e.g.: magnets).

In order to separate different electric charges, energy must be applied. The following example is well known:

If one rubs a piece of wool strongly against a plastic rod, electrons from the wool cross over to the rod. In the plastic rod (electrically negatively charged) an electron surplus is developing whereas in the wool (electrically positively charged) an electron deficiency is developing. Both materials always try to achieve their original state of charge again. Doing so they produce an electric tension. If the electron surplus or the electron deficiency exceed a certain limit and a person touches one of the materials that are in such a state, this person gets an electric shock.

Diagram 12: Piezo ignition in a gas burner (generating electricity through pressure energy)
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English translation of technical terms and sentences in diagram 12:

Funkenstrecke











=




Spark gap

Hochspannungsanschluss




=




High voltage connector

Kunststoffgehäuse








=




Plastic housing

Piezo-Element











=




Piezo-element

Metallplatten












=




Metal plates

Stößel
















=




Rod

Elementgehäuse










=




Element housing

Druckknopf












=




Push button

Piezo-Elemente










=




Piezo-element

Amboß
















=




Anvil

Electric generators also makes use of the phenomenon that electric charges always try to get back into a state of balance when they are separated. In this way, on one generator connector an electron surplus (= negative pole) is being created and on the other connector an electron deficiency (= positive pole).This phenomenon is called electric voltage. 

1.5 The electrical resistance

Unit of measurement
(
Ohm

(Georg Simon Ohm, German physicist, 1787-1854)

Unit symbol
R
Resistance

Materials through which electrons are flowing are obstructing the electron flow in different ways. This phenomenon is called electrical resistance.

The electrical resistance depends on the following four factors:

· Conductor length l

· Conductor cross section A

· Conductor material

· Conductor temperature (
Since in most cases the temperature of a conductor can be neglected, a constant temperature of 20°C is assumed in most technical calculations.

Diagram 13: Factors that influence the electrical resistance
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The above mentioned four factors have the following effects on the electrical resistance:

· The longer the conductor is, the higher is the conductor resistance since the electron movements are obstructed more the longer the distance is the electrons have to go.

· The smaller the conductor cross section is, the higher is the conductor resistance since also fewer empty positions are available in the grid.

· The smaller the number of free electrons is and the bigger the obstruction by foreign atoms that exist in the metal grid is, the higher is the conductor resistance since fewer electrons can flow and those that can flow are being obstructed.

· The higher the conductor temperature is, the higher is the conductor resistance since the atom oscillations are getting bigger which leads to an obstruction of the electron flow.

In order to be able to better and faster compare the effects of the factors of influence on the conductor resistance, the resistivity ( [Rho] has been defined for materials.

The resistivity of a material refers by definition to a conductor length of 1m, a conductor cross section of 1mm2 and a temperature of 20°C (Anders Celsius, Swedish physicist, 1701-1744).

With the help of the resistivity ( one can determine the total resistance R of a conductor according to the following formula:
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Examples for different resisitivities

Material
Resistivity (( * mm2)/m

Silver
0,0149

Copper
0,0178

Aluminium
0,0241

Iron
0,1400

The following formula is used if the temperature of the conductor deviates substantially from the assumed constant temperature of 20°C and if one has to determine the resistance exactly under these particular conditions:
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Examples for different temperature coefficients

Material
Temperature coefficient [1/K]

(Lord Kelvin of Largs, English Physicist, 1824-1907)

Copper
0,0039

Aluminium
0,0038

Iron
0,0045

1.6 Ohm's law

The three discussed physical units of measurement amperage, voltage and electrical resistance have a special relationship, i.e. they depend on each other. Georg Simon Ohm discovered the following mutual dependencies and expressed them in the so called Ohm's law:

1. If one increases the voltage with the resistance remaining constant, the amperage is increasing with the same ratio the voltage is increasing.

2. If one increases the resistance with the voltage remaining constant, the amperage decreases with the same ratio the resistance is increasing.

The following formula is used to describe these dependencies:

Voltage = amperage * resistance
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The basic formula of Ohm's law can be transformed as follows:
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2.

1.7 Exercises

1. Determine the resistance of the field winding of a circulation pump if it consumes a current of 0,5A with a voltage of 230V.

2. A heating rod takes consumes a current of 6,1A with a voltage of 400V. Calculate the resistance of the heating rod.

3. The electric current that is flowing through the coil of an ignition transformer has to be determined. Its resistance is 2,5k(, the applied voltage is 230V.

4. Determine the exact electrical voltage that is applied to an "NTC feeler" under the following conditions:


a)
25°C, 0,930k(

b)
32°C, 780(

The signal current is constant in both cases with 1,5mA.

5. Determine the conductor resistance of a 20m long copper cable with a cross section of 0,04cm2, the temperature is 20°C.

6. Determine how long an aluminium cable can maximally be if its cross section is 0,025cm2 and its conductor resistance should maximally be 0,0028k( at a temperature of 20°C.

7. The electrical arc welding resistance is 1/3(. Determine the amperage if the voltage is 25V.

8. A coil through which direct current is flowing consists of 100m of copper wire whose cross section is 0,036mm2. Calculate the necessary size of the dropping/in series connected resistor if the total resistance should be 100(.

9. The resistivity of a part made of an unknown material has to be determined. The length of the part is 2cm, its cross section is 4mm2 and a resistance of 10( had been determined in a measurement.

2. Electric circuits

One speaks of a closed electric circuit if there is an electron flow between two poles over a conductor including resistors. The electrons flow from the negative pole (-) to the positive pole (+).

Resistors in this sense can be e.g.: electric machines, electric devices, measuring instruments, electric components, light bulbs, etc... These resistors are also called power consumers.

In diagram 14, which shows a simple closed electric circuit, measuring elements for the measurement of the electric current and the voltage are drawn in using specially defined symbols according to DIN 40900 (German Industry Norm). Furthermore, voltage supply and resistance (power consumers) are drawn in with their corresponding symbols as well:

Diagram 14: Simple closed electric circuit
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If one connects an electric device to a power supply one always has to pay attention to the operating voltage of this particular device.

If an electric device was designed for a voltage of 230V it can e.g. not be operated with a voltage of 110V since the amperage of this voltage is too small.

If an electric device that was designed for a voltage of 110V is connected to a voltage of 230V it will probably be destroyed since the amperage of this voltage is too high. One normally finds the electric operating information for an electric device on its rating plate or in its corresponding operating manual.

Diagram 15: Rating plate for a three-phase motor
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2.1 Series connection of resistors

If the power consumers (resistors) are arranged one after another so that the same current flows through them one speaks of a series connection (e.g. electric Christmas tree lights).

Furthermore, each supply line to a power consumer also represents at the same time an into series switched resistor.

Diagram 16: Series connection with three power consumers (resistors switched into series)
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For series connections the following formulas apply:

1.
Total amperage I or ITotal
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2.
Total voltage U or UTotal
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3.
Total resistance R or RTotal
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If the electric circuit of a series connection is interrupted at one point no current can flow anymore.

2.2 Parallel connection of resistors

If the power consumers (resistors) in an electric circuit are arranged parallel to each other, so that the same voltage is applied to each consumer, one speaks of a parallel connection.

Diagram 17: Parallel connection with three power consumers (resistors connected in parallel)
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For parallel connections the following formulas apply:

1.
Total amperage I or ITotal
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2.
Total voltage U or UTotal
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3.
Total resistance R or RTotal
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Parallel connections are used above all if one wants to operate several power consumers with the same voltage but still wants to be able to switch these consumers on and off separately.

2.3 Mixed electric circuits

Mixed electric circuits, also called group circuits, are combinations of parallel and series connections.

Group circuits can always be reduced to their basic components: the parallel and the series connections. One can use this characteristic for the calculation of partial currents, partial voltages and partial resistance. The following two examples and diagrams show how one has to proceed in this regard.
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Diagram 18: Example 1 - Mixed electric circuits

For the calculation of partial currents, partial voltages and partial resistance one has to simplify the mixed electric circuit.

Diagram 19: Step 1 - The series connection is substituted
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Diagram 20: Step 2 - The parallel connection is substituted
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Diagram 21: Example 2 - Mixed electric circuits
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For the calculation of partial currents, partial voltages and partial resistance one has to simplify the mixed electric circuit.

Diagram 22: Step 1 - The parallel connection is substituted
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Diagram 23: Step 2 - The series connection is substituted
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If several mixed circuits exist in electric circuits with different branches one speaks of networks. Also in this case one has to proceed exactly as shown above in regard to the calculation of individual and partial values.

2.4 Exercises

1. A copper cable is 20m long and has a cross section of 4mm2. Determine the conductor resistance at a temperature of 20°C.

2. The conductor resistance of an aluminium cable that has a cross section of 2,5mm2should maximally be 2,8( at a temperature of 20°C. Calculate the maximum cable length in millimetres.

3. Determine the resistivity of an electric resistor that is 2cm long and has a cross section of 4mm2 and a resistance of 10(.

4. The voltage in an electric circuit is 50V. Two resistors are connected in parallel: R1 = 5( and R2 = 20(. Calculate:


a)

The partial currents I1 and I2

b)

The total amperage I


c)

The substitute resistance R

5. In an electric storage heater three equal heating resistors (5kW each) have been installed. Determine:


a)

The amperages I1, I2, I3 and I


b)

The resistance R1, R2 and R3


c)

The total substitute resistance R

3. Electrical work, power, efficiency

3.1 The electrical work

Measurement unit
Ws
Watt-second

(James Watt, English Engineer, 1736-1819)

Measurement unit
J
Joule

(James Prescott Joule, English Physicist, 1818-1889)

Unit symbol
W
Work

If an electric circuit is closed electrons are flowing. The resulting electrical energy can be used. If e.g. a water pump motor forms part of the closed electric circuit as a resistor, then electric energy is converted into mechanical energy. The motor is pumping heating water and doing so it performs a mechanical work. The pump has to be supplied with electric energy in order to work. Such a use of electric energy is also called "electricity consumption" (however, more appropriately would be "electricity use").

The mechanical work that results from the electricity use is the product of electric power and consumption time. So, the electric work depends on the consumed electric power and on the time of the power consumption. That means that the bigger the electric work is the bigger has to be the power consumption and the longer the power consumption has to take place:

The following formula applies: Work = Power * Time
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The formula also can be transformed as follows:
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The quantity of the used electric work can be determined with electricity meters. Normally, the electricity consumer then pays a corresponding fee to the power supply company for his electricity consumption.

3.2 Electric power

Measurement unit
W
Watt

Measurement unit
N m
Newton-Meter

(Sir Isaac Newton, English Physicist, 1642-1727)

Unit symbol
P
Power

If only ohmic resistors are present in direct current and alternating current circuits, then the electric power depends on the applied electric voltage and amperage.

[image: image40.png]


In the case of alternating current and three-phase motors one has to additionally consider that the theoretical electric power, the so called "apparent power", is being reduced by capacitive resistors (e.g. condensors) or inductive resistors (e.g. coils). This power reduction is expressed by the factor cos ( ("Cosinus Phi"). Cos ( ranges from 0,5 to 0,9 depending on the form and quality of the considered electric part. The electric power that has been adjusted by the factor cos ( is also called "active power".

Another factor, the so called "concatenation factor" (







), considers the concatenation and overlapping of the three outer conductors L1, L2 and L3 in the case of three-phase motors.

The following formula is used to calculate the electric power:

Electric power = Voltage * Amperage
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or
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Taking the discussed power reducing factors into consideration the formula can be extended in the following way:

Output power ("active power") for alternating current motors:

[image: image43.png]



Output power ("active power") for three-phase motors:
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3.3 Efficiency

Measurement unit
- , %
- or percent

Unit symbol
(
Efficiency ratio "Eta"

The efficiency ratio ( describes the relationship between power yield and power expenditure. The efficiency ratio is always smaller than 1 or 100%.

Diagram 24: Efficiency ratio
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or

Taking the efficiency ratio ( into consideration the above mentioned power formulas have to be extended as follows:

Output power ("active power") for alternating current motors:
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Output power ("active power") for three-phase motors:
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3.4 Exercises

1. A measurement of an electric drinking water heater resulted in an amperage of 17,5A. The mains voltage is 230V. Determine the power of the drinking water heater.

2. An immersion heater has a power output of 1000W if the voltage is 230V. Determine the amperage and the electrical resistance.

3. A 400V three-phase motor has a current consumption (amperage) of 9,15A, the efficiency ratio is ( = 0,82 and the power factor is ( = 77%. Determine the rated power output of this motor.

4. An immersion heater with a power of 800W was used for 10 minutes to heat water. Determine its energy consumption.

5. A heating pump motor consumes a power of 80W. During the heating season the pump is in use for 240 days.

6. In a heating system the following electrical components are installed:

- two circulation pumps with 120W power each,

- two circulation pumps with 180W power each,

- two oil burners with an electric power of 500W each.

During the heating season the pumps are used for 235 days. The operating hours counters of the burners show an operating time of 1500 hours for each burner. Determine the total electric energy need [kWh] for the heating period.

4.
Structure, function and symbols of electrical components and devices

In order to be able to understand electrotechnical drawings and diagrams, generally accepted graphical symbols, test marks and circuit symbols are being used. All those symbols are defined in corresponding so called "DIN-standards" (DIN = German Institute for Standardisation). In this context, especially DIN 40900 (electrical engineering symbols) and DIN 19227 (symbols of measuring, control and regulation installations) are important.

The following table shows a selection of the most frequently used symbols:

Frequently used symbols (selection)

[image: image49.wmf]I

U

 

 

R

=

1.

Direct current


18.

Conductor that is installed underground

2.

Alternating current


19.

Conductor installed on the plaster

3.

Direct or alternating current
20.

Conductor installed in the plaster

4.

Series connection


21.

Insulated conductor installed in a pipe

5.

Parallel connection


22.

Fix line connection

6.

Delta connection


23.

Removable line connection

7.

Y-connection


24.

Crossing without connection

8.

Line, generally
25.

Line runs upwards



9.

Line, flexible
26.

Line runs downwards



10.

Number of conductors


27.

Ground, generally

11.

Conductor identification
28.

Protective ground

12.

Outer conductor


29.

Mass

13.

Neutral conductor


30.

Voltmeter

14.



Protective grounding


31.

Ammeter

15.

Transformer


32.

Resistance, generally

16.

Capacitor


33.

Resistance, adjustable

17.

Fuse


34.

Coil
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35.

Light, generally


57.

Electric device, generally
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36.

Indicating lamp, Lamp
58.

High voltage device
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37.

Closer


59.

Rectifier
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38.

Opener


60.

Hot water storage

[image: image55.wmf]...

 

 

I

 

 

I

 

 

I

 

 

I

 

 

3

2

1

Total

=

=

=

=

=

I

39.

Change-over switch


61.

Instantaneous water heater / boiler
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40.

Connection strip


62.

Hot water device
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41.

Single socket outlet


63.

Storage heating device
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42.

Protecting ground outlet
64.

Dripping water-protected, IP 31
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43.

Three-way socket outlet
65.

Spray water-protected, IP 33
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44.

Switch, manually operated
66.

Splash water-protected, IP 54
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45.

Relay with three closers
67.

Jet water-protected, IP 55

46.

Thermostat, adjustable
68.
     ... 
Waterproof, IP 67

47.

Pressomat, adjustable
69.
     ... bar
Pressurized water-protected, IP 68

48.

Rectifier diode


70.

Dust-protected, 

IP 5X
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49.

Photodiode


71.

Dustproof, IP 6X
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50.

Thyristor


72.

Explosion-proof, DIN 40012

51.

PNP-Transistor


73.

Device with protective insulation

52.

NPN-Transistor


74.

Device for protective small voltage

53.

Galvanic element, accumulator
75.

VDE-Test mark

54.

Alternating current motor


76.

Radio protection mark

55.

Three-phase motor


77.

CEE-Test mark

56.

Direct current motor


78.

Tested security mark

4.1 Transistors as electric components

Transistors belong to the semiconductors. Semiconductors posses special electrical characteristics and are e.g. used in electronic controllers.

Besides the transistors other important semiconductors are diodes, thyristors and integrated circuits (IC's).

The basic materials for semiconductor components are germanium and silicon in pure crystalline form. Both materials only have a very limited electrical conductivity and furthermore have an electrical 4-(quadruple) valency. They have to be intentionally and well dosed "contaminated" in order to become electrically conductive.

The "contamination" is either done with materials that have a chemical 3-(triple) valency like e.g. Indium - in this case one speaks of a so called "P-doping" - or with materials that have a chemical 5-(quintuple) valency like e.g. Antimony. In the latter case one speaks of an "N-doping".

The electrical conductivity results from an electron surplus of the N-doping and an electron deficiency in the crystal grid of the P-doping. If one joins the two materials and applies a voltage (negative pole at the N-semiconductor - positive pole at the P-semiconductor) an electric current is flowing from the N-semiconductor to the P-semiconductor caused by the movement of the electrons from the electron surplus side to the electron deficiency side. In the case of a reverse poling no current can flow since then there is an electron deficiency in the P-semiconductor.

A transistor consists of three semiconductor layers and is fabricated in two different doping sequences:

Diagram 25: Doping sequence N - P - N (= NPN-Transistor)
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Diagram 26: Doping sequence P - N - P (= PNP-Transistor)
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To each semiconductor layer of the transistor an electrode is attached: external electrodes C (Collector and E (Emitter)), internal electrode B (Basis) with which the current between the emitter and the collector can be contolled. If no control voltage is applied between the basis and the emitter, the distance between the emitter and the collector becomes current permeable since the basis current is overcoming the barrier-effect of the PN-transition and a current can flow between the collector and the emitter. 

In this way, it is possible to relatively easily build electrical amplifiers with transistors that have a small electrical input wattage and a large electrical power output since the control current IB is e.g. only 1/100 of the value of the controlled current IC (and/or - IC).

Thyristors and diodes do basically function in the same way.

With thyristors e.g. controllable direct current supplies are designed (-> direct current amplifiers for drives).

IC's can e.g. contain complete amplifier circuits, digital computing modules, memory or memory modules.

4.2 Capacitors as electric components

Capacitors store electric charges. Many different types of capacitors exist. However, they all have the same basic structure: They consist of two electric conductors with an insulator (the dielectric) between them.

In the four diagrams below the function of a capacitor is described:
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Diagram 27: Uncharged capacitor

The capacitor plates are electrically neutral. On each capacitor plate the same number of positive and negative charges exists.




[image: image69.wmf]j

*

*

=

 

cos

 

 

I

 

 

U

 

 

P

Diagram 28: Charging process

For a short period of time a current is flowing over the supply lines. The positive pole is extracting electrons from the capacitor plate 1 whereas the negative pole is pressing additional electrons on the capacitor plate 2. The capacitor voltage is increasing.
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Diagram 29: Charged capacitor

In charged state the capacitor voltage is just as high as the voltage of the voltage source. No more current is flowing anymore. In this state the capacitor functions like an insulator. However, it is storing the charges.
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Diagram 30: Discharging process

If the voltage source is being removed and if afterwards one connects the two capacitor plates with a resistor the stored charges are compensating themselves. The capacitor charge sinks down to zero.




Capacitors possess a certain storage capacity for charges. This storage capacity depends on their structure (size). The electrical capacity C describes the ability of capacitors to store charges. The unit symbol for the electrical capacity is F [Farad] (Michael Faraday, English Physicist, 1791-1867).

The charge of a capacitor depends besides its capacity also on the connected voltage. The following formula applies:

Capacitor charge = Capacity * Voltage
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The following formula describes the capacity of a plate capacitor as a function of the capacitor plate size A and the distance between the capacitor plates d (a vacuum between the capacitor plates is assumed):
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One distinguishes two groups of capacitors:

Fixed-value capacitors *)
*) Fixed-value capacitors are named according to the material of the dielectric
· Paper capacitors




· Plastic foil capacitors


· Ceramic capacitors




· Electrolytic capacitors



Adjustable capacitors


· Variable capacitors




· Trim capacitors



Just like resistors capacitors can also be interconnected in the form of series or parallel connections.

In case of a series connection the total capacitor capacity is the sum of the individual capacitor capacities.

In case of a parallel connection the total capacitor capacity is always smaller than the smallest individual capacitor capacity.

The following diagrams show pictures of different types of capacitors and examples of some areas where they are frequently used:
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Diagram 38: Capacitors in electronics

In the electronic industry capacitors are very often used. They serve e.g. to devide mixed currents into alternating and direct currents.
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Capacitor capacities are normally stated in fractions of their unit Farad [F]:

Examples for indicating capacitor capacities

1mF (Millifarad)
10-3 F
0,001 F

1(F (Microfarad)
10-6 F
0,000001 F

1nF (Nanofarad)
10-9 F
0,000000001 F

1pF (Picofarad)
10-12 F
0,000000000001 F

4.3 Transformers as electric components

In electric systems transformers have the task to adapt voltages and amperages so that they correspond to the respective requirements.

If e.g. a high electric power of 500MW should be transported over a conductor with a voltage of 230V, very high amperages would result:

I = P / U

I = 500MW / 230V

I = 2200000A

In order to realise this, line cross sections of several square meters would be necessary. For this reason, one normally transports electric powers P with high voltages U and low amperages I.

4.3.1 Transformer structure

A transformer consists of an iron core with two coils. These two coils have different numbers of windings. If an alternating current of U1 is applied to the primary winding (coil 1), a magnetic power flow occurs in the iron core of the transformer. The magnetic power flow induces (produces) an alternating current U2 in the secondary coil (coil 2). This alternating current depends on the ratio of the number of windings (N1 and N2) of the two coils.

Diagram 39: Structure of a transformer
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The voltages in a transformer depend on the number of windings of the coils. The amperages of a transformer depend inversely on the number of windings and the voltages. The following formulas express these relationships:

Voltages:
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Amperages:
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4.3.2 Operational data of transformers

With transformers one can e.g. increase generator voltages to 380kV and transport the electricity like that to the end users. Once it has arrived there, the high voltages are being reduced again with the help of transformers to e.g. 230V or 400V in order to use the electric energy. The following table shows some examples for operating voltages of transformers in different areas of application.

Examples for operating voltages of transformers in frequent areas of application

Areas of application
Voltage [V]

Welding
up to 70

Electric valves
24

Relays
24

Door bell
24

Medical instruments
24

Electric toys
24

Electronic data processing
5

Diagram 40: Rating plate of a three-phase transformer
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4.4 Engines as electric components

Electric engines are very popular and very often used to power machines, devices, appliances, etc... Above all, this has the following reasons:

· Electric engines are very quiet and do not pollute the environment

· When operating no exhaust gases are emitted

· Electric engines are built in many different sizes, from low power to very high power engines

· Electric engines have a good efficiency

· The connection to the electricity mains is simple

· The drive energy is directly available

4.4.1 Electric engine designs

Depending on the area of application one can select from a wide variety of different electric engine types. Diagram 41 gives an overview over these different types:

Diagram 41: Different electric engine designs and areas of application
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4.4.2 Function of an electric engine

Electric engines are powered by the forces electromagnetic fields are developing. The following diagrams explain this in more detail:

1.
Around every conductor through which current is flowing a magnetic field is building up. The magnetic field is rotating clockwise to the flow direction of the current.

2.
Between the poles of ferrousmagnetic materials a magnetic field is building up when power is connected to the poles.

3.
Equal charges repel themselves whereas unequal charges attract each other.

Diagram 42: Magnetic field of a permanent magnet

Diagram 43:
Magnetic field of a conductor through
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Diagram 44: The conductor is being inserted into the magnetic field of the permanent magnet
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Diagram 45: Field attenuation and field strengthening 




Diagram 46: Field attenuation and field strengthening
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4.4.3 Alternating current engines

Alternating current engines are relatively low power drive units. Above all, they are used in small electric devices and machines.

In the sanitary, heating and air-conditioning sector alternating current engines are e.g. used for circulation pumps, fans, etc. They are mostly being connected with single-phase alternating current (see diagram 47 below).

Very often a capacitor is necessary for starting assistance: Since a capacitor can store electric charges, it helps the engine to create a rotary field. The rotary field is bringing the engine rotor into a rotating movement (rotation).

Three-phase engines are above all used in big installations and for high performance engines. Three-phase engines do not need any capacitors for starting assistance since the three-phase current that is flowing through the windings of the engine produces a rotary field which is propelling the rotor.

Three-phase engines can be operated in y-connection or in delta connection. Up to a power of 3kW they are mostly connected in y-connection. High-performance three-phase engines often start in y-connection (because of the smaller starting current) and then achieve their full engine performance in delta connection.

The engine performance in y-connection reaches about only 1/3 of the engine performance in delta connection:
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Diagram 47: Engine connections with protective grounding/earth PE

[image: image89.bmp]
At the neutral point of the y-connection (see diagram 48) the voltages neutralise themselves (U ( 0V). Each string voltage is 230V. Between the string windings of the delta connection (see diagram 49) the voltage is 400V.

Diagram 48: Y-connection























Diagram 49: Delta connection
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4.5 Exercises

1. In order to display the level of a tank filled with a liquid a capacitive level indicator is used. The capacitive level indicator in this case works like a capacitor (two insulated plates separated by a liquid). The level indicator was calibrated for use in a fuel tank but now should be used in a gasoline tank. The size of its plates is 30mm x 60mm, the distance between the plates is 8mm.

The dielectric constant for fuel is (r = 2,0, the dielectric constant for gasoline is ( = 1,4.

Determine the capacity change if instead of fuel, gasoline is filled into the tank.

2. A disk capacitor has a diameter of 16mm and is 2mm high, its capacity is 4,7nF. Between the capacitor plates there is a ceramic disk. Determine the dielectric constant of the ceramic material.

3. A mains voltage of 230V is to be transformed to 24V. The primary coil has 770 windings. Determine the number of windings of the secondary coil.

4. The total number of windings of an autotransformer is 900. The transformer is designed for a 110V connection.

a.) Determine how many windings are necessary to obtain a voltage of 40V.

b.) Determine after how many windings a voltage of 60V has to be applied so that one obtains an output voltage of 230V.

5. Make a list of all the different kinds of engines you were dealing with at your workplace so far. Write down in which devices and installations these different kinds of engines had been installed. Name possible peculiarities and discuss the results with your course or group members.

5.
Reading and drawing electrical diagrams

Due to the many different manufacturers and the many different products available in the market place only the following diagrams/plans shall be briefly discussed here:

· Connection diagrams

· Device wiring plans

· Circuit diagrams

5.1
Connection diagrams

Connection diagrams normally give an overview of complete installation. In the case of very large installations these diagrams are sometimes split into smaller partial diagrams. In most cases the individual installation components and sections of these diagrams are only shown in schematic form/representation. Furthermore, most connection diagrams are not drawn to scale.

Diagram 50: Example for a connection plan of a complete installation


5.2 Wiring diagrams

Wiring diagrams give an overview over the conductors and connections between individual electric components and their interior circuits. They also show the internal and external connections of electric installations. However, wiring diagrams do not always show how the particular installation or system is actually functioning. Further explanations, e.g. tables, etc.., are frequently added to wiring diagrams in order to make the function and effects of circuits more clear.

The wiring diagram 51 (see below) belongs to the connection diagram 50 of a heating system with a variable boiler temperature control (weather-led). In this installation the burner can be controlled with the S-B switch and the circulation pump with the S-HP switch. Furthermore, the whole system can be manually controlled with the S1 switch.

Diagram 51: Example for a wiring diagram


5.3 Circuit diagrams

Circuit diagrams are above all important for maintenance, error detection and circuit testing purposes. They contain all the details of a circuit with all its connections and individual components. With circuit diagrams it is possible to see how devices and systems are functioning.

Circuit diagrams have a particular characteristic: With a special horizontal, vertical as well as crossing free representation of current paths one wants to achieve that diagrams can be read as fast and easily as possible.

Diagram 52: Circuit diagram of a heating system



5.4 Exercises

1. Form a work group with 3-4 other members of your training course. Take the operating instructions and maintenance manuals of a particular device (e.g. of an electric burner). Look through the documents for electric connection and circuit diagrams. Select some diagrams, study them and present them in your work group.

6.
Safety regulations, protection types, safety measures according to

DIN/VDE and UVV VBG 4

Under point 1. (introduction into electrical engineering) different effects of electric current had been discussed.

The most common reasons for accidents with electric current are lack of knowledge, negligence and carelessness. This is because human beings mostly are only able to recognise the effects of electric current with their senses and not the causes (the electric current itself).

Statistics and research studies that had been conducted by trade/professional associations prove that only a small part of the accidents with electric current had been caused by defective electrical installations or devices.

This means that in order to avoid accidents it is necessary that

· one acquires a good knowledge about the possible dangers and most frequent causes for accidents

· one follows the rules for the prevention of accidents (UVV)

6.1
Dangers of electric current

If a human being touches an electric conductor through which electric current is flowing then this current will also flow through his/her body since the human body also conducts electric current. In such a case, the applied voltage and the total resistance of the body determine the size of the occurring amperage. The total resistance depends on:

· the transition resistance between the conductor and the human body

· the resistance of the human body

· the transition resistance between the human body and the conductor and/or between the human body and the earth.

Humidity strongly reduces the transition resistance. The amperage is increasing with a decreasing total resistance. For this reason, especially in humid rooms where the transition resistance is usually very small the danger is particularly high.

International safety regulations specify that human beings can only be exposed for a very short period of time:

· to an amperage of 30mA

· and to a voltage that is smaller than 42V

If these limits are exceeded, electric current can have the following dangerous effects:

1. An electric current that flows through a human body can have a very negative effect on important body functions. As a result, e.g. muscle cramping, heart flutter and cardiac arrest can occur.

2. If the human body comes in contact with very high amperages, the electric heat effect causes burns, especially at the points where the current enters and leaves the body.

3. If an electric current flows for a longer period of time through a human body, the body fluids (among other things the blood) are being decomposed by electrolytic processes. As a result intoxications can occur which sometimes break out with a time delay of several days. For this reason, a medical examination is absolutely necessary after accidents with electric current.

4. Accidents with electric current very often cause so called "secondary accidents". An example for a secondary accident would e.g. be if a service technician gets an electric shock and is reacting uncontrolled and in panic. Because of this uncontrolled wrong reaction he falls off a ladder or hurts himself with the machine he was working with, etc....

6.2 Safety measures for dealing with electric current

The safety measures for dealing with electric current can be divided into three groups:

6.2.1 Safety measures against dangerous contact

· Safety insulation

Those parts of electric devices or machines (e.g. hand drills) that have contact with electric current have to be particularly insulated (with e.g. rubber or plastic) so that if one unintentionally touches them no harm is done.

( As soon as e.g. the insulation of an extension cord is damaged it has to be repaired.

· Protective disconnection

Disconnection transformers disconnect electric devices from the public electricity mains in case of an accident. Electric devices that are connected to disconnection transformers are automatically being disconnected from their grounding connection in the case of an internal insulation breakdown so that no return flow of electric current through the human body to the earth can occur anymore.

· Protective extra-low voltage

If a safety transformer is used the mains voltage is being reduced from 230V to 50V.

6.2.2 Safety measures against harmful body currents

· Protective grounding

If the parts of an electric device or machine that do not conduct current are connected to protective grounding through a ground electrode then in case of an accident the fuse of the circuit interrupts the current flow. Protective grounding conductors are also called PE-conductors (PE = protection earth). The colour of the PE-conductor insulation is normally green and yellow.

· Earth-leakage circuit breaker or fault current protection switch

The earth-leakage circuit breaker, also called "FI-switch", disconnects the electricity mains that is located behind it from the power supply as soon as there is a fault current of e.g. 30mA.

6.2.3 Safety measures against overload and short-circuit

· Fuses

Most fuses function as follows: A thin wire within the fuse is melting when a certain nominal current is exceeded and interrupts the current flow either for a whole electric circuit (= conductor protection fuse) or within an individual electric device (= device protection fuse). Fuses should not be bridged under any circumstances or replaced by fuses with a higher nominal current.

· Conductor protection switches

These switches possess two separate release mechanisms and are so called "current limiting automatic releasers". If an overcurrent is occurring because of an overload, a bimetal releaser (thermal releaser) releases the switch and disconnects the electric circuit from the power supply.

If a short-circuit occurs, the electric circuit is being interrupted immediately by an electromagnetic instantaneous switch releaser. The switch can only be operated again by hand after the cause of the error has been eliminated.

· Motor protection switches

Motor protection switches which are normally used in larger installations and systems function similarly as conductor protection switches. If a too high current occurs a bimetal switch, making use of the heat/thermal effect of electric current, is disconnecting the electricity mains of the installation. The switch can only be operated again after the bimetal has cooled down.

6.3 Safety areas

Sanitary and heating installations and maintenance works are often carried out in areas where the installed devices come directly or indirectly in contact with water. In these rooms or areas (e.g. bath rooms, shower rooms, sauna, etc...) special area divisions and area regulations have to be considered.

DIN 0100 defines these areas. DIN 0100 also specifies that in such areas only particularly protected electric devices can be installed. The necessary safety type is indicated on the corresponding device by the letters IP (IP = International protection) followed by two consecutive numbers:

Electric devices - safety types

# 1
Contact and foreign element protection
# 2
Water protection

0
no protection
0
no protection

1
large foreign elements, d > 50mm
1
vertically dropping water

2
medium sized foreign bodies, d > 12mm
2
diagonally dropping water

3
small foreign bodies, d > 2,5mm
3
spray water

4
very small foreign bodies, d > 1mm
4
splash water

5
dust protected
5
jet water

6
dust proof
6
strong water jet



7
dive in



8
submerge

If after the two letters IP there is only a single number indicated for the safety type, an X is set for the not necessary safety type (e.g.: IP X4, IP 3X)

Diagram 53: Area division for rooms with a bathing and/or showering tub and potential equalisation


Area B 0: It includes the inside of the bathing or showering tub

Area B 1: Limitation through vertical areas around the bathing or showering tub

Area B 2: It includes a spraying range of 0,6m around area B 1

Area B 3: Next area behind B2 with a width of 2,4m

English translation of technical terms and sentences in diagram 53:
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Continuous flow water heater

Spiegelbeleuchtung
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Mirror lights
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6.4 Exercises

1. What are the voltage and amperage limits human beings can be exposed to for a short period of time according to international safety regulations ?

2. Briefly explain the four possible dangerous effects if these limits are exceeded.

3. Explain the safety measures against dangerous contact.

4. Explain the safety measures against dangerous body currents.

5. Explain the safety measures against overload and short-circuit.

6. Name and explain the area divisions for the installation of electric devices and conductors in damp and wet areas and rooms (e.g. bath rooms, shower rooms, etc...).

7. Electric devices and conductors have special identification marks that indicate where they can be installed. Explain what has to be considered if one wants to e.g. install an instantaneous water heater in the area B1 of a bath room.

8. Explain the following international area protection specifications: IP 34; IP X7; IP 68

7.
Core identification of insulated power cables

The following table shows insulated cables for fix and flexible connections as well as their areas of use.

Designation / picture
Symbol
Number of wires
Area of use

Flexible wire for fittings


H05V-U

H05V-K
1
Wiring of lights/lamps

Rubber-insulated wire with increased heat resistance


H05SJ-K
1
Wiring of lights/lamps, in switching and distributor units, installation in pipes and dry rooms up to 180°C

Plastic-insulated single-core cable


H07V-U

H07V-R

H07V-K
1
Wiring in switching and distributor units, installation in pipes and dry rooms

Flat webbed building wire


-
2-5
Installation in or under plaster in dry rooms

Light PVC-sheathed cable


-
1-5
Installation on, in or under plaster in dry and dump rooms and also outside

Sheathed metal-clad wiring cable


-
1-5
Installation on, in or under plaster in dry and dump rooms and also outside

Lead-sheathed cable


-
1-5
Installation on, in or under plaster in dry and dump rooms and also outside

Flat twin flexible cord


H03VH-H
2
Installation in dry rooms with very small mechanical loads, can not be used for heating devices

Light plastic-sheathed flexible cord


H03VV-F
2-3
Installation in dry rooms with very small mechanical loads, can be used for small hand held devices

Ordinary plastic-sheathed flexible cord


H05VV-F
2-5
Installation in dry rooms with medium mechanical loads, in case of hand held devices it can also be used in damp rooms

Light tough-rubber sheathed flexible cable


H05RR-F
2-5
Installation in dry rooms with very small mechanical loads, can be used for hand held and heating devices

Heavy tough-rubber sheathed flexible cable


H07RN-F
1-5
For medium mechanical loads, can be used in dry, damp and wet rooms, it can also be used in production areas where an explosion risk exists according to VDE 0165, it can furthermore be installed outside, in agricultural production areas and in production areas where a fire risk exists

Further cable characteristics are often printed on the cables themselves informing about e.g. nominal voltage, insulating and sheathing material, conductor type, wire type, etc...

All electric devices, cables and plug and socket connections have to cope with the VDE regulations and have to carry the VDE sign (see table under point "4. Symbols of electric components").

The CEE-norm which has been introduced in 1981 has the following advantages for three-phase current plug and socket connections:

· stronger currents can be used

· splash water-protected and waterproof models can be produced easier

· plugs are made only for a specific voltage connection box and do not fit into higher voltage connection boxes

The objective of the CEE-norm that it should not be possible to confuse plugs anymore is achieved with a special positioning of the earthing contact socket. Furthermore, the plugs have different colours and the earthing contact socket PE additionally has a larger diameter than the sockets for the poles of the outer conductors L1, L2 and L3 and the neutral conductor N.

Plug and socket connections according to the CEE-norm

Number of poles
Earthing contact location for different types of currents (clock face view)


110V-130V
220V-250V
380V-415V
-380V
50V-250V


~
~
~
~
‑


50Hz, 60Hz
50Hz, 60Hz
50Hz, 60Hz
50Hz, 60Hz after separation transformer
Direct current

3
4 o'clock
6 o'clock
9 o'clock
12 o'clock
3 o'clock

4
4 o'clock
9 o'clock
6 o'clock
12 o'clock
‑

5
4 o'clock
9 o'clock
6 o'clock
‑
‑

Colours
yellow
blue
red
grey
blue

7.1 Exercises

1. Explain the advantages of the CEE-norm.

2. Explain where the CEE-norm is used.

3. Examine your class room in regard to the CEE-norm and note where you find this norm, i.e. for which devices in the room it had been applied.

8.
Overview, structure and function of measuring instruments, sensors and arrangement of feelers

8.1 Overview, structure and function of measuring instruments

The following types of measuring instruments can be distinguished:

· Analog measuring instruments

These measuring instruments indicate the measured value on a scale, mostly with an indicating needle or a pointer (e.g. pressure manometer). If the to be measured quantity (e.g. amperage, voltage or temperature) changes, the position of the indicating needle also changes or, as in case of the mercury thermometer, the length of the mercury column.

Analog measuring instruments can indicate every value.

· Digital measuring instrument

Digital measuring instruments always indicate the measured values with numbers, e.g. 0, 1, 2, ... , 8, 9, sometimes also in combination with special characters like e.g. +, -, %, etc.... These measuring instruments have the advantage that the measured values can comfortably and easily be read.

The indication of measured quantities and values however, also depends on the digital display. If e.g. the layout of the display is such that only integers can be displayed during e.g. a measurement of the voltage, intermediate values (e.g. 213,5V) can not be indicated.

Furthermore measuring instruments can be classified according to the type and range of the measuring possibilities they offer:

· Single-purpose precision measuring instruments

These devices are designed for the measurement of a single particular quantity and only have a very small measuring range. With them one can furthermore normally only measure a fraction of the basic unit.

Example: The basic unit for measuring voltage is Volt [V]. If measurements in the mini volt range [mV] have to be done, a volt scale can not be used. Instead a special mini volt scale is necessary which in turn can only show a particular measuring range, because it otherwise would become too large.

· Multi-purpose precision measuring instruments (multi-function precision measuring instruments)

These measuring devices can indicate various measured values and quantities in different device-specific measuring ranges. Corresponding adjustment and connection possibilities make this possible.

· Single-purpose measuring instruments

For measurements that have to be frequently repeated and where always the same values and quantities have to be measured or controlled, usually single-purpose measuring instruments are used. These inexpensive and easily to handle measuring devices are normally sufficient for many measurements.

· Multi-purpose measuring instruments (multi-function measuring instruments - multimeters)

Multi-purpose measuring devices are used if different electric values and quantities have to be measured which each have different measuring ranges. Because of the multi-functionality of these devices however also the measuring error probability is increasing. Measuring errors can e.g. be the result of wrong device adjustments. So, operating this kind of devices requires increased attention. Furthermore, multi-purpose measuring devices normally are relatively more expensive and susceptible to errors than other measuring devices.

With the multi-purpose measuring instrument (multimeter) shown in diagram 54 voltage, amperage and resistance of alternating and direct currents can be measured.

Diagram 54: Example for a typical multi-purpose measuring device (multimeter)








8.2 Sensors and the arrangement of feelers (measurement locations)

Sensors and feelers measure values and quantities and pass the measured information on to regulation and control units. For this reason, sensors and feelers are very often components of regulation and control units. Some examples for sensors and feelers that are used in the sanitary, heating and air-conditioning sector are: photocells in burners, outside temperature feelers, thermostat remote feelers, exhaust sensors, etc....

The following table shows examples of some frequently used sensors. All have an electric output to pass the measurement information to the regulation and control units.

Sensors


Input
Output

Diagram 55: Strain gauge


Extension and change of the cross-section of a wire
Resistance change

Diagram 56: Photocell


Change of brightness
Voltage change

Diagram 57: Piezo crystal


Pressure change
Voltage change

Diagram 58: Coil with iron core


Distance s of an iron core in a coil
Induction change

Diagram 59: Measuring resistance


Temperature change
Resistance change

8.3 Exercises

1. Study the operating instructions of a multi-function measuring instrument.

2. Conduct some measurements with a muli-function measuring device.

3. Describe on which occasion at work you already had to deal with sensors and feelers and in which context did this take place. Explain the kind of work that had to be realised.

9. Introduction into semiconductor technology

Semiconductors are mainly used for rectifying, inverting/converting, controlling, regulating, switching and amplifying voltages and currents.

This big area of application is made possible by the special chemical characteristics of some semiconductor components like e.g. germanium, silicon, gallium and arsenic (gallium arsenide).

The most important semiconductors are:

· Diodes

· Rectifiers

· Transistors

· Thyristors

· Triac´s

· Magnet-dependent semiconductor components (e.g. hall generators)

· Opto-electronic semiconductor components (e.g. photo resistors, solar cells)

· Integrated circuits

9.1 Semiconductor diodes

The PN-transition principle which has already been introduced in point 4.1 "Transistors" is also applied with semiconductor diodes. During the PN-transition a P-conducting material with an electron deficiency is brought into contact with an N-conducting material which has an electron surplus (see also diagrams 60-63).

In the contact zones of the two semiconductor materials an electron migration or electron diffusion is taking place (Latin: diffundere = penetrating). Electrons of the N-conducting side move into the "wholes" of the P-conducting side, that were created because of the electron deficiency of the P-conducting material. In turn, electrons of the P-conducting side move into the "wholes" of the N-conducting side. Through the contact zone, the so called depletion layer, which is only some thousandths of millimetres wide normally no electric current can flow.

Since by the diffusion of electrons the P-conducting material in the depletion layer is being loaded negatively and the N-conducting layer positively, a voltage is developing, the so called diffusion voltage and any further electron diffusion is stopped. The depletion layer also stops growing.

The leaking diffusion voltage is very small:

· with germanium it is between 0,2V-0,4V

· with silicon it is between 0,5V-0,8V

Diagram 60: PN-transition before the diffusion


Diagram 61:

Diagram 62:

Diagram 63:
Schematic









representation of









a diode connection 
The following applies with regard to the function of a semiconductor diode:

· A semiconductor diode only lets the current through in one direction.

· If the positive pole of a voltage supply is connected to the P-doped part of a semiconductor diode and the negative pole is connected to the N-doped part of the diode, then the diode is switched into flow direction.

· If the negative pole of a voltage supply is connected to the P-doped part of a semiconductor diode and the positive pole is connected to the N-doped part of the diode, then the diode is switched into check direction.

9.2 Rectifiers

Rectifiers convert alternating current or three-phase alternating current into direct current.

Rectifier circuits consist of a rectifier transformer and a rectifier unit (rectifier diode).

Diagram 64: Structure of a rectifier circuit




The function of a rectifier diode is comparable with the function of a semiconductor diode (see discussion under point 9.1). The only difference is that the rectifier diode is working with direct current. For this reason, the function of the rectifier diode will not be explained here in more detail.

The use of rectifier diodes depends on the number and on the arrangement of the diodes. Normally, in regard to their use in the sanitary, heating and air-conditioning sector one distinguishes between the single-pulse midpoint circuit (one-way/half-wave rectifying) and the two-pulse bridge circuit (two-way rectifying).

The single-pulse midpoint connection only uses one half oscillation of the alternating current. In this way, a pulsating alternating current is created. This characteristic is e.g. used for the ionisation flame control of gas burners. The gas flame of these devices is electrically conducting. The effect of the flame is only directed in one way and so a rectifier effect is resulting. The pulsating direct current the flame is producing can be used to control the flame: If the flame is burning, a pulsating direct current is applied to the control unit. If the flame is not burning, no direct current is applied and the device switches off.

Diagram 65: Single-pulse midpoint circuit


The double-pulse bridge circuit uses both/two half oscillations for regulation and control purposes. Since devices like water heaters, pumps, sanitary installations and also welding sets can not use any pulsating direct current (on-out effect), double-pulse bridge circuits with four rectifier diodes are used to achieve a continuing supply with direct current.

Diagram 66: Double-pulse bridge circuit


9.3 Exercises

1. Conduct different measurements using training installations and devices.

10.
Structure and function of photodiodes and phototransistors

Photodiodes and phototransistors are so called optoelectric devices or components.

They make use of a semiconductors characteristic that the material resistance is reduced if the semiconductor material is illuminated/lit up. During the illumination of the material electrons free themselves from their connections through the influence of the energy of light.

In connection with other electronic components this characteristic of photodiodes and phototransistors can be used for various control and regulation tasks (e.g. gas flame control, light-dependent switches, sensors, etc....)..

Diagram 67: Characteristic curve and circuit symbol of a rectifier diode


Diagram 68: Two photoresistors (on the left side without case and on the right side with case, ready for installation)


10.1 Exercises

1. Explain for which purposes photocells are used in the sanitary, heating and air-conditioning sector.

2. Dismantle a defective photocell and describe what you find inside.

3. Conduct measurements with photocells.

11.
Practical examples

In the table below some practical examples are given so that the service technicians can better understand with what kind of electrotechnical problems they will most likely be confronted at their place of work. Equipped with the basic electrotechnical knowledge this module intends to provide and with some additional practical training the technicians should be able to recognise the presented as well as other similar problems and should furthermore be able to solve them on their own. Corresponding practical training should especially focus on the following three areas:

· Plug and socket connection types (especially: connecting cables)

· Conduct measurements with the duspol and with multi-function testing devices

· Detect, repair and document faults in electric devices and installations with an unspecified amount of circuits.

The exemplary problems presented in the table relate to a gas burner system since such devices are very frequently installed in heating systems and are also very often used to heat water.

Example
Possible causes for the defect and ways to correct it

The control display of the exhaust temperature safety limiter indicates a defect
Cables and cable connections of the exhaust temperature safety limiter have to be checked.


With a corresponding measuring device the exhaust temperature safety limiter has to be examined if it still conducts current. If no electricity flow can be measured, the exhaust temperature safety limiter has to be replaced.


The function of the circulation pump has to be examined. Cables and cable connections of the circulation pump have to be checked. Conduct a voltage measurement in the pump connection box. Mostly however, such a defect has a mechanical and not an electrical cause. In this case, the whole installation has to be disconnected from its power supply and then the pump has to be replaced according to the corresponding maintenance/service instructions.


The cables and cable connections of the burner automatic (regulation and control device) have to be checked. Correct possible contact faults and replace defective cables.


If all the repair efforts are not successful, the regulation and control unit is most likely defective and has to be replaced.

The security sensor indicates that the temperature is too high
The cables and cable connections of the security sensor have to be checked.


Control the resistance of the sensor with a corresponding measuring device. Depending on the temperature that can be measured (with a "seconds thermometer") at a certain distance to the sensor, the sensor must comply with manufacturer defined reference resistance values [(]. If the sensor does not comply with these reference values, it is most likely defective and needs to be replaced.

Example
Possible causes for the defect and ways to correct it

A too high temperature difference between the security sensor and the forerun sensor is indicated
The cables and cable connections of the security sensor and the forerun sensor have to be checked.


If necessary contact failures have to be eliminated and defective cables have to be replaced.


Control the resistance of the sensor with a corresponding measuring device. Depending on the temperature that can be measured (with a "seconds thermometer") at a certain distance to the sensor, the sensor must comply with manufacturer defined reference resistance values [(]. If the sensor does not comply with these reference values, it is most likely defective and needs to be replaced.

A too high temperature difference between the forerun sensor and the reverse running sensor is being indicated
The cables and cable connections of the forerun sensor and the reverse running sensor have to be checked.


If necessary contact failures have to be eliminated and defective cables have to be replaced.


Control the resistance of the sensor with a corresponding measuring device. Depending on the temperature that can be measured (with a "seconds thermometer") at a certain distance to the sensor, the sensor must comply with manufacturer defined reference resistance values [(]. If the sensor does not comply with these reference values, it is most likely defective and needs to be replaced.

The differential pressure switch does not close within the foreseen time
Check the function of the blower.


The cables and cable connections of the blower have to be checked.


Check the fuse of the blower.


Check the blower transformer with a corresponding measuring instrument. Very often 24V-direct current-transformers are being used (this can be looked up in the manufacturer documentation). If the necessary voltage is connected, the transformer has to work. If this is not the case, the transformer has to be replaced.


If the blower is a 230V-blower, then the transformer can not be the cause for the defect and the blower itself has to be replaced.


If the differential pressure switch still does not close correctly then most likely there is an electronic failure in the regulation and control unit and the unit has to be replaced.

The burner thermostat is indicating a defect
The cables and cable connections of the burner thermostat have to be checked.


If necessary, contact failures have to be eliminated and defective cables have to be replaced.


The fuse of the burner thermostat has to be checked and replaced if necessary.


Check the burner thermostat with a corresponding measuring instrument if it still conducts electricity. If it does not, the burner thermostat is defective and needs to be replaced.


If the defect should still be indicated, then the regulation and control unit is defective and needs to be replaced.

Example
Possible causes for the defect and ways to correct it

After the ignition there is no ionisation message
The cables and cable connections of the electric primer/glow igniter have to be checked.


If the electric primer/glow igniter is not glowing during the ignition process, the fuse has to be checked and has to be replaced if necessary.


The resistance of the electric primer/glow igniter has to be checked with a corresponding measuring instrument. The manufacturer data for the device has to be considered (e.g. specified resistance value of the igniter) in this regard. If the specified resistance value is exceeded, the igniter has to be replaced.


If the igniter should not be the cause for the defect, the ionisation current has to be measured. Such a measurement is in the (A-range. If the necessary values should not be reached, the ionisation electrode has to be replaced.

Finally, the following two security aspects should be mentioned here:

- since very often electric devices, installations or system have to be checked while they are operating, i.e. with switched on mains voltage, the danger of coming in contact with an electricity conducting part is quite high.

- the original manufacturer data always has to be considered for all maintenance and repair works of electric devices, installations or systems.

Practical training normally depends strongly on the laboratories and technical installations available in the training centre. Product specific training materials (e.g. work and exercise sheets, experiment descriptions, etc......) can be obtained from ZEBA® which is a SERVITEC project partner. ZEBA®'s modular training installation shown in diagram 69 is e.g. being used for continuing education courses in "basics of electric engineering".

Diagram 69: Overview of a modular training installation produced by ZEBA® 
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The electrons on the external shell can detach themselves easily from the atom. Positively charged ions are resulting. This process is frequently occurring in metals since they have very few electrons on the external shell (e.g.: copper 1 bonding electron, aluminium 3 bonding electrons).
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R		=	conductor resistance [(]


l		=	conductor lenght [m]


A		=	conductor cross section [mm2]


(		=	resistivity [(( * mm2)/m]
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RK	=	Conductor resistance at 20°C [(]


(		=	Temperature coefficient [1/K]


((	=	Temperature deviation from 20°C
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Diagram 31:			Diagram 32:				Diagram 33:										Diagram 34:			Diagram 35:


"The Leiden			MP-Capacitor			"Graf winding capacitor"				Electrolytic-				Variable capacitor


bottle"						- self-healing																					capacitor
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with the electric field constant:


(0 = 8,86 * 10-12 A s/V m


(The electric field constant applies if there is a vacuum between the capacitor plates.)
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Diagram 37: Capacitors and electric circuits





Capacitors are also installed in electric circuits where switching processes take plase. E.g. they are used for noise/interference suppressing.





Diagram 36: Capacitors and coils





Capacitors are often used together with coils where they alter the phase course of changing quantities.
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Nominal output [kVA]	160
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Nominal voltage III [V]	19200





Nominal current [A]	4,62





Short-circuiting voltage [%]	4,1





Protection type [-]	





Way of cooling [-]	S





Total mass [t]	1,0





Type 	





Manufacturing year	1999





Frequency [Hz]	50





Operation [-]	DB





Switches [-]	Yz5n





Series [-]	20





Insulation class [-]	





Short-circuiting current [kA]	





Short-circuiting time [s] 	max. 1,8





	





	





	





One-phase alternating current motors





Direct current motors





Three-phase motors





Slip ring motor





Squirrel-cage rotor engine





Asynchronous motors





Synchronous motors





Servo-motors





Universal motors





e.g.:


Drive units of com-pressors





e.g.: 


Hoists and big pumps





e.g.:


Drive units of textile machines





e.g.:


Feed drives of tool manu-facturing machines





e.g. Forklift drives





e.g.: Vacuum cleaner, pumps





e.g.: Washing machine





Applications





North pole





South pole





North pole





South pole





North pole





South pole





North pole





South pole





Field attenuation





Field strengthening





Movement direction of the conductor driven by the resulting forces





Field strengthening





With the change of the current flow direction also the direction of the forces change and as a result also the movement direction of the rotor.





Because of the field attenuation on the left side the conductor moves to the left. A torque results and the motor is being powered.





Unit:	1V = 1A * 1(
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U1       Z1





Z2       U2





Z2       U2





Three-phase current connection





U1      V1     W1





W2     U2     V2





U1      V1     W1





W2      U2     V2





Alternating current connection





Counter-clockwise movement





Clockwise movement





Y-connection





Delta connection





Capacitor





Fuse





230V





"String"





"Neutral point"





400V





Storage- water heater





Boiler





Netz
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HP





VF
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LP





Extra-low voltage
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Regulator
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Fb





AF
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N





L





PE





Mains supply





B

















Plug





M
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M
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PE





LP





HP





PE





Heating boiler





S-B





S1





S-HP





Storage-water heater





Plug





Plug





3 x 50Hz 400V
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L3


PE
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Main circuit





Control circuit





1   2   3   4
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The positively charged ions form a regular grid. The much smaller bonding electrons (also called "free electrons") are moving in the space between the metal ions.


The more free electrons exist the better is the conductivity of a substance or material.


Non-conductive substances/materials do not have a crystalline structure and do not have any free electrons.





~





If a voltage is now applied (negative pole at the N-semiconductor - positive pole at the P-semiconductor), an electric current is flowing as a result of the electron movement from the N-semiconductor to the P-semiconductor (from the electron surplus side to the electron deficiency side). In case of reverse poling no current can flow anymore because there is an electron deficiency in the P-semiconductor.
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PN-transition





P-conducting	N-conducting





Depletion layer





Diffusion voltage





Contact





+





�





Contact





Cathode





Anode





Rectifier transformer





Ud





UV





R





Id





IV





Mains





Rectifier unit, rectifier diode




















Time t





Current I





-





+





1/50s





R2
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PN-transition after the diffusion and after the development of the depletion layer





Photoresistance RF





Illumination intensity E





Circuit symbol





Input power =


100% power
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L2





L3





L3





Digital display





L2





L1





Keys for different measuring types





Selectors for the different quantities and values to be measured





Connection socket





F'





F





s





+





F





-





G





A





V





Voltage supply (generator)





Connection point of conductors





Voltage V





Voltage measuring device "voltmeter"





Amperage I





Electricity measuring device "ammeter"





Resistance R





Machine, device, appliance, etc...





U





U2





U3





U1





I3





I1





I





I2





I
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