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UW 01 - Fundamentals of electricity

1. Introduction to electricity / electronics

1.1 Definitions

>1.1.1 Voltage

An electdcal voltage is produced between two points (e.9. the terminals on a battery) if therc are a different
number of eleclrons at each of these poinb.
The magnitude ofthis difierence in electrons determines the size of the voltage.

Charge separation in the voltage sourc€ (fig 'l ) results in the generation of an electrical voltage. For exam-
ple, the chemical reaction inside a dlarging battery causes negatively charged electrons to migraie to lhe
negative terminal.
This means lhere is a shortage and suelus of electrons at the positive and negative lerminals respectively.
This results in a voltage diference between the two poles. The higherthe charge differenlial, the higherthe
diference in voltage (potential difference).
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Fig. 1:Voltage generated by charge separation

Electrical voltage is produced in an attempt to compensate these different-sized charges.
Voltage causes current to flow.
The unit of voltage U is given in Volt (V).
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>1.1.2 Current

Electrons attempt to compensate voltage differences.
Curent can only flow in closed circuits. Voltage causes electrical current to flow.

Electrical current is the dlrectional movement of free electrons.
Closing a circuit by applying a voltage forces all free electrons to move in a certain
direction. This causes electrical current to flow from the negative terminal through the
loads and wires to the positive terminal. Electrons perform electricalwork.

.:lr ,;r -r * -  r  - r t r , I -

Convenlional cunent fl ow

Fio. 2: Flow ofelecttons in an electrical citcuil

Every elect cal circuit must have:
. Voltage generator
. LOaO
. Wres

Note;
Other components such as switches, relays or fuses might also be included.
Switches are drawn in thelr non-actuated state.
Fuses are fitted to protect electrical circuits against short-circuits and overload.
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lMovement of eLectrons+

Fig. 3: Electrical circuit
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According to the definition of "conventional current", current flows from the positive to
the negative terminal.
The unit of current strength t is given in Ampere (A).

Fig. 4: Battery as an electrcn PumP

Direct Current "DC" flows in only one direction through a circuit.
The current is steady providing voltage and resistance are constant;

Time [ -------->-

Diroct current

Alternating curent AC always changes in its magnitude and direction:
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Movement of electrons

IVlovement ol elechons
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>1.1.3 Electrical resistance

Electrons do not flow freely when a voltage is applied to an electrical conductor.
Depending on their composition, materials have different numbers of free electrons.
Consequently these materials provide different levels of resistance which oppose the
current. The movement of electrons is therefore slowed down at different rates.

There are different types of resistors:
. Fixed resistors
. Variable resistors
' Potentiometers (resistors with a sliding contact)

-G

reslsrcr

--z-
vadable
resistor

I--f --r-

resistor wiih
sliding contact

Unwanted resistance:
' Poorly soldered connections
. Bad plugged contacts
. Faulty wires and connections
. Rusted ground connections (corrosion resistance)

Resistance designations:
500R = 500f)
0R5 = 0.5o
2OK = 200000
1K5 = 1,5Ko = 1500Ko

step-cnange
resistor with

sliding contact
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Obstruction of the flow of electrons is referred to as electrical resistance.
The unit of resistance R is given in Ohm (O).
(1 Ohm = 1 o = 1 VoltAmpere = 1VA).

resistor with
taps

li--G
tully-variable
resistor with

sliding contact

Fig. 7: Resisior symbols
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>1.1.3 Ohm's law

The applied voltage U in a closed circuit will cause a current lto flow through resistor R
(fiSl ).
The ratio of voltage U to current I determines the resistance R.
This law is named after its discoverer Georg Simon Ohm, namely "Ohm's law".

Derivation:
For a constant resistance, current will increase as the voltage increases.
This means thal cunent I and voltage U are proportional to one another (U - l).
For a constant voltage U, current will decrease as resistance R increases.
This means that cunentl and resistanc€ R are inversely proportional to one another (l - 1/R).
Combining the above results in the dellnition of Ohm's law (U=R-l).

Unit;

Fig. 8: Vadables in an eleclrical circuil

The following aid canbe used to remember the equation:

R = V
o

symbol!

- 8 -

Note:
Simply use your finger to cover the desired
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Measurement examples:
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Resist-
ance U i n V 0 2 6 B i 0

R , = 2 Q Ir in A 0 I 2 e 4 5

R z =  1 Q Irin A n 2 + o 8 1 0

Fig.9: Current versus vollage

Voltage B i n O 0 z b 8 i 0

Ur=5V I . , i nA Short-
circuit z ,a 1,25 0,83 0,675 U,C

Uz=1ovIrin A Short-
circuit 2,5 1,66 t , J c 1,0

Fig. 10: Current versus resistance
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>1.1,4 Resistor networks

Series resistors:

Series networks serve as voltage dividers.
Pre-resistors are required when connecting
the 24V on-board supply on mobile cranes.

The following laws apply:

LEDs (e.9. with a nominal voltage ol2.4V) to
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R 1  R 2  R 3

Fig. 11: Series network

|  - t  - t  -

Ubt = Ur + U, +...

R.. = R, + R, +...

The same current flows through all the resistofs.

The total voltage is the sum of all partial voltages.

The total resistance is the sum of all partial resistances.
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Parallel networks serve to divide the current.

The following laws apply:

Parallel resistors:
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l',
Fig. 12: Parallel network

l,"c = lr + lr+ ... All the resistors have the same voltage.

U,., = U, = U, = ... The total current is the sum of all partial currents.

1,/R*=t76,*17*,*... The reciprocal of the total resistance isthesum ofall recipro-
cated oartial resistances.
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1.2 Measuremeni technology

>1.2.1 Types of measurement inslruments

There are two types of measurement instruments:
. Analogue multimeter
. Digital multimeter

Analogue multimeter:

Fig. 1 3: Analogue multimeter

Connections:
COM:
v/o:

ground connection
voltage and resisiance measurement
current measurement in Ampere-range
current measurement in mill i-Ampere range

Advantages:
. Rapid changes in measured vari

dursn  drv  vdr ry  nEcr  r .
. If correctly used, often

more accurate.
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Disadvantages:
. When using

moving coil mechanisms, it is only
possible to measure DC voltage and
current.

. Measurement range must always be
manually selected.

Note:
The measurement leads must be re-plugged depending on the variable being measured.
Always select the highest measurement range when measuring an unknown variable.
Then select the measurement range where the needle is in the upper third of the scale.

,.t,. _-.--;;-- .f
'; ,,r' '= -ll;:t
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1,2.1 Types of measurement instrumenls

Digital multimeter:

Fig. 14: [.4etrix MX22 Fig. 15:chauvin Amoux MM3000 Fig. 16: chauvin Arnoux Conpa2010

Connections:
grouno conneqton
voltage and resistance measurement
current measurement in Ampere-range
cun-ent measurement in milli-Ampere range

coM:
V/O:

mA:

Advantages:
. Rapid indication of measured values
. The measurement range is often

automatically selected by the
measurement instrument.

. On some instruments the measured
values can be stored or
transferred to a PC for further
analysis.

Note:
The measurement leads must be re-plugged

Disadvantages:
. Difficult to notice measurement

ran9e cnanges.

depending on the variable being measured.
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>1.2.2 Using measurement instruments

Measuring electrical voltages:

The electrical voltage is measured using a voltmeter. The voltmeter
parallel to the voltage source or load. A voltmeter always measures
between two measurement points. The type ofvoltageAC - or DC

(fig 1) is switched in
the voltage difference
must - be selected.

I
l u

Fig. 17r Voltage measurement

Fig. 18: Voltage measurement
Note:
The voltage across each load can be individually measured. The measurement probes
must be applied directly in front of and behind the loads (fig 2).

Caution:
The red and black leads must be
voltage measurements.
Liobhon-Werk Ehingen GmbH - Technica lraining

connected to V and COM respectively when making

Only for LIEBHERR service personnel
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Measuring electrical cu enls:

Electrical current is measured using an ammeter. The ammeter is placed in the circuit,
it is switched in series in either the supply or return line to the load.

Fig. 19: Current measurement

Fig, 20: Current measurement

Caution:
The red and black leads must be connected to mA (orA) and COM respectively when
makino current measurements.

t . e .
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Resistance measurements:

The resistance value is determined usino a direct or indirect measurement

Direct resistance measurements either require the circuit to be interrupted or the
nent to be removed. This type of measurement is very imprecise-

compo-

Indirect measurements are based on voltage and current measurements at the resistor.
The resistance is calculated from the measured values using ohm's law.

There are different ootions for oerformino an indirect measurement;

Fig.22: Indirect resjstance measurement / voltage error circuit

Fig. 23: Indirect resislance measurement/ curent enor circuit
Caution:
The red and black leads must be connected to R and COI\4 respectively when making
resistance measurements.
Liebher-W€* Ehhgon GmbH -Technical training
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Fio, 21: Direct resistance measurement

l u t p
I
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Glossary:

Absolute pressure sensor: The absolute pressure sensor always relates its measurement
to a reference poinl

Exhaust relurn

Electronic Control Unit (engine control unit)

Electronic Diesel Control
(injection system for Diesel engines)

Top dead center

Pump lina nozzle

AGR:

ECU:

EDC:

OT

PLD:

Relative pressure sensor: A relative pressure sensor measures the pressure difference

UT

ZMEi

between two test valu€s

Bottom dead center

Unil to bs measured

(
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