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Abstract  
 

In the industrial and factory when the electronic and machinery instruments are working the 

huge electromagnetic interference (EMI) would be generated by them which are big deal to 

the main disturbance of wireless communication. So the measurement of EMI is quite 

useful and important for electromagnetic compatibility (EMC). The main goal of my paper 

is analysis in which bandwidth of EMI influences to wireless communication system in the 

industrial and factory generated by working arc-welding instrument and moped. The 

method is used the traditional and classic statistical methodology to identify the strength of 

electromagnetic field.    
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Introduction  

 

1.1 Background 

 

The electromagnetic interference (EMI) is defined as “the reception of useful 

electromagnetic signal is damaged by electromagnetic interference” by IEEE Standard 

Dictionary of Electrical and Electronics terms [1]. Electromagnetic interference is 

divided by difference paths of arbitrary useless electromagnetic signal. In the time 

domain the interference could be continues or discrete also could be periodic or 

aperiodic. Normally any useless electromagnetic signal or interference is considered as 

noise. 

 

As the huge progress of the science and industrial, the amount of every electronic 

instrument is increasing rapidly and the power is getting bigger and bigger. And lots of 

instruments working in the high-frequency are devoted into industrial. This everything 

makes the level of interference higher and higher in the space background. The 

pollution which is coming from electromagnetic interference (EMI) is worse and worse. 

[2] 

 

Electric and electronic instruments could generate lots of useless electromagnetic 

energy when they are operating. But the energy could interference the working of the 

other wireless communication systems then the EMI is caused. [3]  

 

In the industrial and factory normally they are operated with wireless communication 

system for controlling the entire robot and making the command. The bandwidth of 

wireless communication systems is from 400-500MHz in Sweden. It is unacceptable to 

be influenced such like the command delay or unstable performance then cause the 

accident and tragedy by EMI which is generated by electromechanical machinery. It is 

extremely important to characterize of EMI from those sources. But it is complicated to 

predict the emission pattern without measurements. So the goal of my thesis is 

characterization of EMI from repair works and vehicles which the wireless 

communication system is disturbed by them. [4].  

 

There are mainly two parts of the thesis. The first part is analyzing how the arc welding 

instrument and motorcycle works, the theory and the property of the electronic arc. The 

second part is using matlab and antenna to collect and analyze the EMI from the 

welding instrument and motorcycle by the spectrum of frequency. 
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1.2 Related work 

 

Lots of surveys have been realized to characterize EMI in the industrial environments. 

A brief summary of them includes:  

 

Main information about the categories of instruments from repair works and vehicles  

 

A particular introduction of welding instrument and vehicles will be discussed in the 

theoretical part.   

 

A preliminary survey of electromagnetic environment (EME) in the industrial will be 

measured by me in whom measurements are performed in the frequency range between 

30MHz and 1000MHz and compared with the EMI that I measured from the repair 

works and vehicles. Then making the conclusion and the characteristic will be given by 

all the measurement result.   

 

 

 

1.3 Problem formulation 

 

No matter many measurements in the industrial and factory environments have 

determined that EMI levels are below the allowable levels, it does not mean that the 

same level will be gotten in other places since all the factories and industrials are 

different about the structures, positions, the instruments located in the workshop. 

[5]This statement is to give intensively obligation to construct the characterization for 

different places. 

 

There is a need to know which areas are in the high level of EMI pollution or it fulfills 

the international standards for EMC in order to prevent malfunctions in industrial 

instruments. 

 

The EMI is considered as a random noise and extremely to predict its behaviors. Also it 

is a deeply knowledge of its statistical properties to predict. So as long as using the 

information and data it should be simulated a wireless connection which will be used in 

the same environment. 
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1.4 Aims 

 

The goals of this project is to point the characterize EME by measuring EMI in the 

industrial and factory and finding the statistical properties of the EMI signal. The 

following list resumes all the important points to be developed in this project.  

  

Find an appropriate measurement system suitable for electromagnetic surveys. 

 

Describe the EME in typical factory and industrial (welding instrument, moped, paper 

mill, steel mill etc) 

 

Find statistical properties of EMI such as electromagnetic field strength. 

 

Identify sources that can cause high levels of EMI. 
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2. Theory 

 

From this paper describes important interference from measurements carried out in the 

factory and industrial. The electromagnetic interference measurements were performed 

at welding instrument and mopeds. It was measured by classic method of strength of 

electromagnetic field in order to predict the properties of electromagnetic  

 

2.1 Repair works in industrial 

 

Lots of repair works could be used in the mechanical industry, for example grinder, 

hoist crane, electric welding and so on. The center of gravity of this research is to study 

and investigate the electromagnetic interference how they works and produces 

interference to the factory wireless communication system.  

 

The grinder is one kind of highly effective processing machine tool in the mechanical 

industrial widely used to obtain the high accuracy, the high quality processing surface. 

The grinder is makes the cutting tool by the grinding wheel to cut the work piece. The 

rotary motion of grinding wheel is the host movement, the work piece or the grinding 

wheel reciprocating motion is a feed motion, but assists the movement generally is for 

the grinding wheel rapid traverse and the movement of work table and so on. 

 

But this kind of repair work equipments cannot generate very large electromagnetic 

interference, therefore meets the key research which is electric welding. 

 

2.2 Welding 

 

Basically there are two different kinds of electromagnetic interference from the welding 

equipment. One is propagating through the space radioactivity interference which 

electromagnetic wave interference, normally the frequency is around 30-1000MHz. the 

other is interference of propagating through the wire that is generating interference 

from inside or outside of the equipment goes through the source and returns back to 

wire cause the second low frequency disturbance. The first one is about the interference 

of propagating from the wire and the last one is the interference of propagating through 

the space. [6]  
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2.2.1 MIG welding 

 

Metal inert gas welding (MIG) is a kind of commonly used arc welding method. MIG 

welding that uses inert gases as protection gas performs repair work by making use of 

welding rod as melt down electrode. This method usually where is with the argon either 

the helium or their gaseous mixture as the protection, feeds in continuously the welding 

wire both as the electrode and the filler metal, the welding wire melts unceasingly in 

the welding process and transits goes to the pool to form the welded joint. In the 

welding structure production, especially in the high alloy material and the non-ferrous 

metal [7] and in the alloy material welding production, MIG welding holds a very 

important role.  

 

         Figure 2.1 the schematic diagram of MIG welding theory  

1-weldment   2-electric arc   3-welding stick   4-wire reel   5-guide roller     

6-current contact nozzle   7-boot cap   8-shelding gas   9-furnace hearth        

10-weld metal 
 

 

2.2.2 TIG welding  

 

The tungsten inert gas that protects arc welding is to refer the pure tungsten or the 

active tungsten as electrode which makes the non-melting inert gas shield welding, is 

called TIG welding. Tungsten Insert Gas Welding could be used welding for most of 

the metals and alloys in order to get high quality welding line. 

 

TIG welding is under the protection of the inert gas to form welding line by using arc 

heat melting maternal material and filling in the solder between tungsten pole and 

welding object [7]. When TIG welding is working protecting gas will be bursting forth 
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from the muzzle of welding torch continuously. Around the arc the inert gas will be 

formed as shield from the air in order to guard electrode, welding pool and in sight of 

heat area then the good quality of welding joint will be shaped. 

 

 

 
Figure 2.2 the schematic diagram of TIG welding theory 

 

1-tungen electrode   2-spary nozzle   3-air gate   4-weldment   5-welding spot   

6-electric welding   7-argon gas 

 

 

 

2.2.3 Current harmonics against regulations 

 

The main reason of generating current harmonic is non-linear of circuit of power supply. 

For the arc welding transformer it is caused by non-linear arc welding transformer. For 

the arc welding rectifier and arc welding inverter it is caused as the configuration of the 

circuit and the way of working lead to assimilate discretely from the power grid. 

 

Compare with invertible welding power supply with grid essentially it is a large 

rectifying power supply and invertible power supply has to make sure the input voltage 

of power converter stabile, generally at bridge rectifier there are electrolytic capacitor 

of hundreds to thousands Micro Farad. Under the conditional large capacitive load the 

current of input is a kind of sharp angle of wave. There are normally single phase or 

three uncontrollable of phase rectifier plus capacitive load for the input of Invertible 

power supply, the shape of current is sharp of angle wave where is at a period of 

supplying power what is 2 (single phase) or 4 (3 phase ). [6] For that reason there are 

large amount of high level harmonic wave in power grid. Between high level voltage 

and harmonic wave of current there are seriously phase shift to lead the power of 

welding instrument decreasing parameter. 
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2.2.4 Conducted EMI  

 

As the working high power arc welding invertible the switch circuit of parasitic 

parameter of power device which causes the circuit parasitic oscillation is the main 

reason to generate EMI. In the switch of hardware circuit when the switch is off the 

leakage of transformer what could lead back EMF (electromagnetic field) oscillate the 

voltage between the set of emitters of the switch tube. This voltage mutation will 

produce the same as magnetic rushing Instantaneous change of current when one side 

of transformer is connected and this production could bring it into EMI of conduction. 

It goes through the wire of power supply back to the system of distributing electricity 

and generates the EMI to the power grid. 

 

2.2.5 Radiated EMI 

 

Currently invertible welding instruments are adopted hardware switch which is high 

frequency power supply switch. In the processing of power device switch on and off 

this high frequency power supply switch could lead the unavoidable EMI. And if the 

frequency of EMI is under 30MHz it will form into conduction back to grid but the 

frequency of EMI is above 30MHz the most of them will consider the wire as antenna 

to radiate outside. Besides by using the cover of machine it could also radiate outside.    

 

Forcing on the welding equipment source of interference is from power supply, wire 

and arc which is include both two kinds of interference. Besides connecting with high 

frequency with wire it could consider as an antenna and the strength of launching 

electromagnetic is much stronger than the industrial standard.  

 

There is a really simple part inside of welding equipment which is a transformer. It 

wouldn’t generate the high frequency interference but low frequency harmonic 

interference. The power supply of welding is semiconductor that could also generate 

electromagnetic interference. Arc is a main launching source of electromagnetic 

because of metal over and power supply interchange what are caused unstable current. 

Interference from arc could go through power supply and back to welding wire to enter 

the main wire could cause further low frequency interference. The frequency of this 

kind of interference is about 2 kHz and sometime could up to 0.15-30MHz.  

 

Radioactivity part and analysis will be considered as priority.   
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2.2.5.1 The radiation of arc-welding instrument 

 

In invert arc-welding instrument the line of switch valves and transformer are very short 

and amplitude of the impact of current and voltage are large and time is short therefore it is 

considered as electric dipole to calculate the radiation. The approaching is the formula of 

electromagnetic radiation of electric dipole. 

The electric dipole is a current carrying conductor and its length l  and its lateral 

dimensions are less than electromagnetic wave length. So in the conductive line the delay 

could be ignored. Besides assuming l is much less than the distance between any point in 

the field and electric dipole then the distance between any points in the field and 

everywhere in conductive line is same.[8] 

By using dynamic data to calculate the field quantity three component products in spherical 

area coordinate system are 
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These are the formula of the electromagnetic radiation of electric dipole. According to those 

formulas the radiation from anywhere in the spherical area coordinate system in space 

could be calculated if some basic parameters are known in advance. 

 When radiation inside of invert arc-welding instrument is calculated volume of switch 



Bachelor’s thesis in electronics 

valves is not big and lead wire is short. Also because there are cathode spots in the negative 

side of arc and the current is surrounding these spots. The volume of spots are small and 

time of being is short hence both of them could be considered as electric dipole. Then 

electromagnetic radiation can be computed by using the formula. 

 

 

 

 

2.2.5.2 The standard process and analysis for the invert 

arc-welding instrument 

 
When invert arc-welding instrument is working the processing is extremely complicate 

mixed with light, heat and electric. There are two main parts of radiation source. One is 

turned on and off frequently as invert arc-welding instrument which is working switch 

valves and also impact from current and voltage when switch is off. The transient change of 

current and voltage could generate certain electromagnetic radiation; the other one is 

because of the radiation caused by arc and arc is made from discharge gas then arc is high 

temperature plasma and the condition of the radiation is extremely complicate and 

impossible to predict. Hence the radiation is only similarly to calculate. The Purpose of this 

part is to describe how invert arc-welding instrument works and theory of conductive arc. 

 

 

 

 

 

 

2.2.6 The framework and the theory of invert arc-welding 

instrument 

 

There are some kinds of main electronic circuits: push-pull invert circuit, 
full-bridge invert circuit, half-bridge invert circuit and single and forward invert 
circuit. Push-pull invert circuit could get larger power output besides drive 
circuit and current hold-back circuit could be simplified; but its switch valves 
should take two times of input voltage and there is only half time for one 
winding working.  
 
The efficiency of middle frequency transformer is low. Full-bridge invert circuit the 



Bachelor’s thesis in electronics 

requirement of pressure for switch valves is not too much which is good for larger power 

output. Clamping diode is giving the leakage energy back to input power source which is 

good for increasing efficiency. There are four switch valves inside of the full-bridge circuit. 

The components are a lot and circuit is complicate and the power of driving is increasing 

rapidly that brings the trouble for design of drive circuit. this is full-bridge invert circuit 

weakness.  

 

The amount of switch valves is half-time of full-bridge invert circuit. the drive power is less 

and resisting unbalanced ability. But the amplitude of voltage in the high frequency 

transformer is only half time of input voltage. In order to get as same as full-bridge, 

half-bridge invert circuit output power the current should be two times to go through switch 

valves and there has to be two capacitors. 

 

From the introduction that is about push-pull, full-bridge, half-bridge invert circuit they are 

called as pairs of end type. There is another kind of invert circuit which is single end type. 

The difference between it and pairs of end type invert circuit is the high frequency 

transformer is only working in the hysteresis loop side. The connection of second rectifier 

diode of the high frequency transformer is different. Single end type invert circuit could be 

divided into single end forward invert circuit and single end backward invert circuit. the 

transformer in the single end backward invert circuit is inductance when the transformer is 

on. It would save the transmitting energy up then the efficiency is getting low only satisfied 

to low power load which is not introduced to the invert arc-welding instrument. In this 

paper the welding instrument is pairs end type forward circuit also calls Hybrid bridge 

inverter. The configuration is down. 

   

 

 

Figure 2.3 the main circuit of invert arc-welding instrument 

Then the process of working will be analyzed .for the analysis easier assuming in one 

switch period the voltage of input filter capacitor is steady. Then equivalent voltage 

source is expressed as 0V .then the equivalent circuit of original circuit is follow figure: 

kL  is the leakage of the transformer, mL  is magnetic inductance. If the ratio of 

transformer is n the reflectance of Filter inductor and voltage source 0V  in the original 

side is   
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Figure 2.4 the equivalent of main circuit of invert arc-welding instrument 

(1) When the time is 0t 1Q and 2Q are turned on. for the large amount capacitor of 

Insulated Gate Bipolar Transistor (IGBT) at the moment turning on the body 

resistance of instant junction capacitance would be discharge by switch valves hence 

make larger peak value of current. If the value of junction capacitance is QC ,the 

value of body resistance is QR , the value of voltage of capacitor is QV  then the 

expression of the discharge current is  

 

 

Lost energy of switch:    21

2loss Q QE C V   

Because normally when the switch is on then its resistance is low then from up formula the 

current is large like /di dt when switch is on. Therefore it could cause stronger 

electromagnetic radiation. 

When switch is on because of low value of kL  then the voltage drop can be ignored. So 

all of voltage will add on magnetic inductance in the transformer and magnetic current LmI  

will be increased. At the same time voltage source inV  goes through dipole sD and filter 

inductance 0L would deliver the energy to load 0V . The current in the 0L increases. During 

this period the expressions of current are: 
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If the working period is T, duty cycle is D, then the current value of 1Q and 2Q will be 

reaching the maximum which are respectively  
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(2) When time is 2t at the same time 1Q and 2Q are shut down. The junction capacitor 

with 1C and 2C in existence both side of switch voltage would increase gradually and load 

current and magnetic current of transformer will transfer into the branch of 

1 2C C C  and 1C , 2C . Because of the large 0,mL L it could be considered as constant 

current to be charging. If 1 2C C C   the rate of increasing voltage 1 2,C C are  

1 2
max

0

0

2

2
( )

k

C C
L

in in

m

dV dV
i

dt dt C
V n V V

D T
C L L

   

 
   

 

When voltage of 1C , 2C .side reaches to inV  2, 3D D are to turn on then the voltage of 

1C , 2C will be steady. The time that is going to use is: 

1 0

0

/1
2( )

in

C in

m

CVt dV n V V
DT

dt L L

  


 
 

(3) When time is 3t  because of short time it could be considered as every current is steady. 

The process of charging is terminated 1 2C C inV V V  , the current will transfer to the 

branch of diodes 2, 3D D  then the magnetic core of the transformer will be original spot. In 
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the real application because of every unavoidable spur inductance and capacitance normally 

the process of turn on or shut down for switch valves is very complicate besides the loss of 

voltage, current, of pipe would add an attenuated oscillation plus IGBT shut down being the 

smearing. As exact device shut down model is hard to build.  

During the time of magnetic reset because transformer has to take voltage value 

of inV and there is reverse bias cut-off in rectifier diode 5D and fly-wheel diode is on then 

current in everywhere is increasing gradually. The expression is: 

max( ) in
Lm Lm

m k

V
i t i t

L L
  


 

' ' '

'
0 0
'max max
0 0

( )
Lo Lo Lo

V V
i t i t i t

L L
       

( ) ( )Lk Lmi t i t  

(4) When time is 3t  the attenuation of current reaches to zero in mL  then the magnetic 

reset of transformer is done. Interval between 2t to 3t is: 

max( )
' m k Lm

in

L L i
t D T

V

 
     

So the time of magnetic reset is equal to time of exciting of transformer then to make sure 

of stabile working for transformer the maximum duty cycle should be larger than 0.5 for 

this transformer.  

Load current would continue go through diode 6D to after flow. 

(5) When the time is 4t ,the 1Q and 2Q are on at the same time. Because rectifier 

diode 5D would be forward and turn on. The voltage source will transfer the signal again to 

the load and the circuit will begin the next cycle.[9] 

The waveform is like: 
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Figure 2.5 the waveform of circuit of invert arc-welding instrument 

 

2.2.7 The theory of forming arc 

 

Because discharging arc is used by invert arc-welding instrument to generate high 

temperature to weld. And arc is a phenomenon of discharging gas. Hence related theory 

of discharging gas would be useful when the radiation of arc is calculated. This chapter 

is to introduce the theory of discharging gas and conductive arc. 

 

 

2.2.7.1 Excitated, ionization and launching of the atom of the gas  

 

Neutral gas could be conductive originally but for generating the arc inside of the gas it 

has to let molecule be ionized into positive hydronium and electron. Besides keep 

burning the arc negative part of arc should be keeping launching electron. Then electric 

energy would keep transferring to arc in order to compensate the power loss. 

 

Therefore arc welding is also a kind of discharging gas and the difference between the 

other discharging gases is low negative part, large density of current. Ionized gas and 

launching electron are the basic physic phenomenon of arc. 
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2.2.7.2 Excitated and ionization of atom of the gas 

 
1. Excitated of atom of the gas: if the atom of gas could get the energy from outside the 

electron can jump from the low power level to higher. The status of atom is in the 

excitated. The power makes atom excitated is called excitation energy. 

 

2. Ionized of atom of gas: the process which is completely electron gets rid of atomic 

nucleus then changes into hydronium and free electron is called ionization. The power 

what is for atom changes into hydronium is called ionization energy. 

 

During the welding instrument working according to the source of ionization energy 

there are three kinds of ionization: 

(1) Electron impactionization: in the electric field the accelerated hydronium with 

charge and neutral atom impact each other then it could generate the ionization. 

(2) Ionization: under the high temperature the atom of gas with high momentum 

impact together to generate the ionization. 

(3) Photoionization: atom of gas absorbs the photon energy of light radial to cause 

ionization. 

 

When atom of gas generates the ionization particle with difference charges could also 

impact so that positive hydronium and electro recombines into neutron particle which is 

called the neutralisation phenomena. As the speed of ionization and recombination is 

equal the current intends to be relative stable dynamic equilibrium. It should also point 

out expect atom or molecule release free electron to form positive hydronium and electron 

there is also process which is for atom or molecule combines into negative hydronium 

which is bad influence of stability of arc. 

 

2.2.7.3 Launching electron 

 

The atom or molecule on the surface of negative part absorbs the energy form outside then 

release free electron and this phenomenon is called launching electron. 

Launching electron is an important factor for arc ignition and keeps arc stability. According 

to the different energy sources they would divide into thermionic emission, photoemission, 

impactive heavy ion emission and spontaneous emission under the condition of strong 

electric field. 

(1) Thermionic emission: the surface of solid or liquid of object is under heat there are 

some electrons with larger than work function which exit to space outside of the 

surface. This phenomenon is called as thermionic emission. 

The thermionic emission is to play an important role during the arc welding and it would 

reinforce with the higher temperature.                        

(2) Photoemission: the surface of solid or liquid of object absorbs the energy from the ray 

then release to free electrons. It is called photoemission. For every metals and oxide 
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only if the of wavelength of ray is less than their emission of electron limitation of 

wavelength then photoemission is happened. 

(3) Impactive heavy ion emission: the large energy heavy ion impacts to the negative part 

to cause the electron exited then forming impactive heavy ion emission. The more 

energy for heavy ion the intensity of electron emission will be better. 

(4) Spontaneous emission under the condition of strong electric field: surface of solid or 

liquid of object is low temperature although but when there is huge potential difference 

on the surface around the strong electric field then lots of electron will be exited from 

the negative part and this spontaneous emission under the condition of strong electric 

field. The better strength of electric field the density of current is larger caused by the 

exiting electron. Spontaneous emission is quite important for the arc welding especially 

for non-contact arc ignition it is much more obvious. 

Summarize above the arc welding is one form of discharging gas. Being and keeping of the 

arc welding is under the force of electric field, light, heat and momentum of particle then 

the outcome is atom of gas could be excitated perpetually, ionization and electron emission. 

Meanwhile there are also negative ion and positive ion recombines with electron. 

Obviously the source of arc welding ignition is from heat, light and momentum caused by 

electric field. And this electric field is caused by power source of arc welding compasses 

voltage. 

 

2.2.7.4 Ignition of arc welding   

 

There are two kinds of ignition of arc welding. One is contact striking arc the other is 

non-contact striking arc. 

 

2.2.7.4.1 Contact striking arc 

 

Contact striking arc is when the power source of welding is on the electrode connects 

with the short circuit workpiece then disconnects in order to ignite of arc welding. 

 

Because of non-absolute leveled electrode and workpiece under the short circuit 

connection only few of extruding points are connected where the short circuit current is 

going through. The current are extremely huger than normal welding current. And the 

areas of connecting points are small so the density of current will be large. Then it 

could generate a large amount of resistance heat which would heat, melt or boiloff the 

surface of metal electrode. The heat emission and heat ionization will be formed. As the 

moment of disconnect the electrode the clearance of arc are very small that is around 

610 cm  then the intensity of electric field will reach maximum which is around 

610 /V cm . Under that condition even in the room temperature the self-emission will 
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be generated obviously. Besides under strong electric field function it causes the 

charged proton which produces to accelerate, collides mutually too that would cause 

impact ionization. Along with the temperature unceasingly, the photoionization and the 

thermoionization will be also further enhanced, causes the charged particle quantity 

sudden growth, thus can maintain the electric arc the stable combustion. After the 

electric arc ignition, the ionization and neutral is at the state of equilibrium. Because 

the arc welding power source supplies unceasingly, the new charged proton obtains the 

supplement unceasingly, has supplemented the consumption particle and the energy. 

 

2.2.7.4.2 Non-contact striking arc  

 

It is refers between the electrode and the work piece has certain gap, then serves high 

pressure electric breakdown the gap, causes the electric arc ignition. 

 

The non-contact striking arc must use arc starter to be able to realize, is one kind of 

dependence high voltage causes the electrode surface to produce the electronic 

spontaneous emission, new method which ignites the electric arc. 

 

 

 

 

 

2.3 Vehicles   

 

In the factory, the large capacity truck plays a very important role in the factory 

transportation and so does motors. But in this project the moped will be considered 

prior.   

2.4 Moped 

 
Moped is a complex whole, which has all kinds of electromagnetic interference. For 

analyzing internal electromagnetic environment, it should be understood on the moped 

the main electromagnetism noise source situation at first, but on the moped various 

type of electron electrical equipment is precisely the moped each kind of 

electromagnetic interference question main origin.[10] 

 

The moped has its unique characteristic as the electromagnetic interference research 

object. There are many and varied electrical system load on moped, also has the small 

impedance, big electric current anti-load, also has the undercurrent, the high voltage 

occurrence installment but also has the high frequency oscillation. Not only they are the 

latent interference launch source for outside object but also becomes to the vehicle 
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carries the electric appliance the noise source. Moreover because its high mobility, the 

moped also possibly can be in situation where is each kind low frequency or in the high 

frequency complex electromagnetic environment, from this produces the 

electromagnetic interference coupling also can affect normal operation for the electric 

system of the moped. 

 

Therefore, analyzing the motorcycle the electricity electronic installation is the 1st step 

what analyzes the moped electromagnetic interference question. 

 

The theory produces which according to the electromagnetic wave is different, divides 

into generally the natural electromagnetic interference and the artificial electromagnetic 

interference two kinds. And in this project it will be focused on the artificial 

electromagnetic interference which means inside of the moped where generates EMI. 

 

2.4.1 Introduction and analysis EMI from moped  

 
The electronic industry development has brought the huge innovation for the moped 

profession, now; from the moped itself operation, the electronic installation has became 

the indispensable part in the moped part of equipment, and is occupying the more and 

more great proportion. 

 

Now the motorcycle electronic installation may divide into five major parts according 

to the function which are electrical power system, starting system, measuring appliance 

system, engine electric control and ignition control system. But the EMI from moped is 

mainly high-tension ignition secondary circuit generated around the engine of the 

moped. When measuring the EMI from the moped we should force on the position of 

engine to consider it. 

 

In order to force the static engine to get into active status, must use the external force to 

rotate the engine the crank at first, then the piston starts the vertical motion, in the 

cylinder the inspiration inflammable mixture, and its compression, the ignition, the 

volume of rapid inflation has the formidable power, impels the piston motion and leads 

crank revolving, the engine can the automatic come into the working circulation. The 

engine starts the system including the starting motor, the transmission system and the 

operating control, its duty is starts the motor moped engine at any moment, this system 

supplies power by the accumulator cell. After the ignited switch of starting engine is on, 

this motor and the accumulator cell are connected, lets the current go through the 

starting engine, the rotating force from starting engine would drag moped engine, 

makes it to start to revolve, this process often follows has the large electric current and 

the high voltage, the electromagnetic interference is very complicated and diverse, the 

interference intensity is very high. [11] 
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In the modern electrical system of moped has large number of inductive loadings like 

each kind of electric motor, the solenoid valve, relay, loudspeaker and so on. Its coils 

are in opening instantaneously, can become one kind of wide frequency spectrum, high 

energy transient noise source. The figure 2.5 is the inductive load simulation of 

equivalent circuit, in the chart R is the inductance L equivalent inductance resistant; Cp 

is equivalent distributed capacity between the electric circuits. 

 

Figure 2.5 the equivalent simulation of inductive load circuit  

 

When relay contact K opens, in the original load electric current iI  by the sudden stop, 

simultaneously is produced in the inductance both sides reverse transient voltage iU , 

its peak value may achieve normal state DC voltage DCU  several dozens time, and to 

the line distributed capacity Cp charge, form the series oscillating circuit.[9-12] 

 

This property of transient over voltage change and load, magnitude as well as line 

impedance related, by high amplitude negative pulse and afterwards low amplitude 

pulse. The figure 2.6 appearances, its maximum peak value may reach -300V, the 

duration reaches 300ms; it does not only have the billowing property but also has the 

rich harmonic wave, possible huge electromagnetic radiation. 



Bachelor’s thesis in electronics 

 

Figure 2.6 the situation of the changing voltage 

 

 

 
 

2.5 RF technologies 

 

In this part the commonest wireless communication system in industrial and factory 

will be briefly described, important properties are mentioned and will be considered the 

moment of identification and analyzing the measurements.  

The bandwidth of wireless communication systems are 400-500MHz and wireless-lan 

(2.4GHz and 5GHz) in Sweden. 

 

2.5.1 GSM technologies 

 

It is the most important and popular used standard for mobile communications. GSM 

technique is based on Time Division Multiple Access(TDMA) and Frequency-division 

duplexing (FDD).Their working frequency is normally under 2GHz. GSM-900 uses 

890–915 MHz to send information from the mobile station to the base station (uplink) 

and 935–960 MHz for the other direction (downlink), providing 124 RF channels 

(channel numbers 1 to 124) spaced at 200 kHz. Duplex spacing of 45 MHz is used. 

Guard bands 100 kHz wide are placed at either end of the range of frequencies. 

GSM-1800 uses 1710–1785 MHz to send information from the mobile station to the 

base transceiver station (uplink) and 1805–1880 MHz for the other direction 

(downlink), providing 374 channels (channel numbers 512 to 885). Duplex spacing is 

95 MHz. the table will be included in the appendix   
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2.5.2 ISM band 

 

The unlicensed ISM bands are used for wireless technology in industrial and factory 

application. The increased use of these bands also increases the chance that being 

disturbed by EMI around the factory reliable industrial performance is possible only 

when the wireless protocol used by the technologies accounts for the operational 

obstacles typical of these environments. [13] 

 

 

 

 

 

 

3. Measurement setup and result 
 

In this section results from the measurements will be showed. 

 

3.1 Measurement Setup 

 

The measurement set up is to composed antenna, EMI tester and PC. One is the 

receiving antenna and the second one is an EMI tester. The EMI tester will provide the 

electric field in a certain frequency. Antenna and EMI tester are connected using a low 

attenuation RF cable of 5 meters. The data collected by the instrument is sent by USB 

to the PC. One time in the laptop the information is processed and shown.  

 

3.1.1 Antenna 
 
Antenna is capturing the strength power in the environment and goes through the RF 

cable with low losses to the EMI tester. Each frequency is collected then the instrument 

is sending the data to the PC. In figure 3.1 we can observe the system 



Bachelor’s thesis in electronics 

 
Figure 3.1 the measurement system 

 

3.1.2 EMI Tester 
 

This instrument is specialized for EMI surveys; it is useful because of all the data can 

be provided at the moment of acquiring data (direct data reading in dBuV/m). The 

range of the frequency of this EMI Tester is to cover from 30MHz to 2.5GHz which 

means it could cover most of the wireless communication band used to transmit and 

receive data in industrial and factory. 

 

3.1.3 Resolution Bandwidth 
 

The resolution bandwidths (BW) that are provided by the EMI tester come from the 

standard CISPR-16 (CISPR, the Comité International Spécial des Perturbations 

Radioélectriques, translates from the French as the Special international committee on 

radio interference). The different resolution bandwidths provided in the CISPR-16 are 

200Hz, 10 KHz and 120 KHz. For analyzing the frequency range from 30MHz to 

2490MHz the 120 KHz is considered priority. 

 

 

3.1.4 Detector modes 
 

For the EMI instrument that I have used is to provide 3 types of detector modes: 

average, peak and quasi-peak. 

 

Average detector mode 

 

In the form of average weighting mode (AV), the detector of output signal for the 

average detection is given by: 
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There is a low-pass filter at the output of the linear envelop detector. The measurement 

is to start when the low-pass filter settled. When the EMR is to effect or not during the 

short time, it doesn’t influence any change of the voltage at the output of the detector. 

Consequently, shorter EMI will not make an effect to the final reading of the signal 

strength. It is useful and remarkable for the time of determining if there are some 

sporadic or intermittent unwanted radiations in the signal. 

 

   Peak detector mode 

 

In this mode it would measure the maximum value of the peak voltage (rectified or PK) 

during the measuring time. By using this detective weighting mode, the maximum peak 

value will be taken if more than one pulse comes into the receiver during the measuring 

time. The formula of the peak detector is given by[14]: 

       

   Quasi-peak detector mode 

 

The quasi-peak detector doesn’t mean “quite peak” or “aiming toward peak” but “not 

actually peak”. Under this condition the term quasi-peak should not be interpreted as 

vague in any way. The quasi-peak detector is used to produce the same level of average 

value of voltage when the inputs are continues wave tone in the input bandwidth. When 

repetition time of the pulse increases, the EMI doesn’t have enough time to discharge 

completely but measuring in a higher measured value. The quasi-peak will always be 

less or equal than the peak value. Charge and discharge times are shown in table 3.1, so 

it is useless to set the measure times of less than 1s. 

 

3.2 GUI (Graphical User Interface) 

 

This matlab program was made by Juan Jose. The function of this program is to control the 

EMI tester to analyze the interference signal. Frequency domain and time domain could be 

measured from the EMI tester by this program. In this paper only frequency domain is 

considered. 
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Figure 3.2 the interface of operating system for the time domain 

 

 

Figure 3.3 the interface of operating system for frequency domain 

 

The figure 3.1 and 3.2 is the measuring EMI system. It is included an ultra wideband 

antenna and an EMI tester connected to the laptop by using a General Purpose Interface 

Bus (GPIB). [15] The band antenna covers a range frequency from 30MHz to 2.5GHz. 

The antenna could be used directly to collect EMI from the welding instrument and 

moped. 

 

3.3 Methodology for the measurement 

 

The steps implemented in this thesis are: 

 

 Proceed with a measurement in the electric field using full span (20 

MHz-2500MHz) 

 Focus in the interesting frequency band where the interferences are located. 

 Make an accurate measurement using a small frequency steps in order to have 

good resolution. 
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 Realize a time measurement in the frequency point where the interference is 

located. 

 Analyze the results collected from the different measurement. 

 

3.4 The measuring environment  

 

The measurement was done in mechanical laboratory in Högskolan i Gävle. In order to 

collect and analyze the electromagnetic interference in this laboratory two situations 

were taken into account. One is welding working shop and the other is entrance. 

Besides motorcycle is considered as moped in factory because of similar constructer.   

   

Figure 3.4 the welding working shop        

 

Figure 3.5 working welding               Figure 3.6 the moped 
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3.5 Measurements results 

 
The first step in the measurement procedure was to scan whole frequency band of the 

environment as the reference to compare with the others.  

In the following table there are the parameters that will be used for the measurement. 

The starting frequency is 20 MHz and stopping frequency is 2490 MHz. and step 

frequency is 1 MHz which is about the accurate. The bandwidth is for the filter.  

 

Start 

Frequency(MHz) 

Stop 

frequency(MHz)

Step 

frequency(MHz)

Measuring 

time(ms) 

BW     

(KHz) 

20 2490 1 100 120 

Table 3.1 general set up for the mechanical laboratory 
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                  Figure 3.7 the reference of working place 

 

It is quite obvious to confirm the frequency distribution in Sweden. They are FM radio, 

TV, GSM-900, GSM-1800 and Wi-Fi. 

 

Frequency 80-110 

MHz 

470-760 

MHz 

900MHz 1800MHz 2400MHz 

technology FM radio TV GSM-900 GSM-1800 Wi-Fi 

Table 3.2 general frequency distribution in Sweden 

 
3.5.1 TIG Welding: 
 

Here the table is the parameters that will be used in the TIG welding measurement. 

Here the 4 MHz for step frequency will be used for the capture EMI from TIG because 

it will take the short time. 

Start 

Frequency(MHz) 

Stop 

frequency(MHz)

Step 

frequency(MHz)

Measuring 

time(ms) 

BW     

(KHz) 

20 1000 4 100 120 
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Table 3.3 measurement set up for TIG welding 
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Figure 3.8 measured EMI from the working TIG welding  

 

From figure 3.8 there are something abnormity from the 20-450 MHz. so it is better to 

scan this bandwidth and the smaller step frequency has to be used which is 2MHz to 

make sure the accurate. These are the results obtained with the parameters from before;  

 

 

Start 

Frequency(MHz) 

Stop 

frequency(MHz)

Step 

frequency(MHz)

Measuring 

time(ms) 

BW     

(KHz) 

20 450 2 100 120 

Table 3.4 measurement set up for more resolution  
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Figure 3.9 more resolution for EMI from the TIG welding peak detector 

Then we can see how the TIG welding is inserting interference in the spectrum. The 

disturbance has a range from 150 MHz to 350 MHz. Specially 270 – 350 MHz we can 

observe a difference of 5 dBuV/m. 
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3.5.2 MIG Welding: 
 
Now the following parameters will be used to measure the MIG welding instrument. 

The bigger step frequency which is 4MHz are arranged just for the check the general 

frequency distribution then find the interesting frequency band.   

Start 

Frequency(MHz) 

Stop 

frequency(MHz)

Step 

frequency(MHz)

Measuring 

time(ms) 

BW     

(KHz) 

20 1000 4 100 120 

Table 3.5 general set up for MIG welding instrument  
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Figure 3.10 EMI from the MIG welding 

 

These are the results obtained with the parameters from before; we can not see any 

disturbance on the spectrum. Step is too big.  

Then we make more accurate exploration for the frequency band of 20 – 500 MHz, step 

2 MHz 

Start 

Frequency(MHz) 

Stop 

frequency(MHz)

Step 

frequency(MHz)

Measuring 

time(ms) 

BW     

(KHz) 

20 500 2 100 120 

Table 3.6 more resolution for MIG welding instrument  
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Figure 3.11 the interesting band for MIG 

From the figure 3.11 we can see how the MIG welding is inserting interference in the 

spectrum. The disturbance has a range from 170 MHz to 320 MHz. Specially 170 – 240 

MHz we can observe a difference of 10 dBuV/m. 

 

 

3.5.3 Moped  
 

Start 

Frequency(MHz) 

Stop 

frequency(MHz)

Step 

frequency(MHz)

Measuring 

time(ms) 

BW     

(KHz) 

20 1100 0.5 100 120 

Table 3.7 measurement set up for moped 
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Figure 3.12 EMI from the working moped 

In the figure 3.13, the average value indicates that in laboratory signal at 400MHz are 

considered as EMI signals; from the figure we could see the electric field is 

50.01dBuV/m. 
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Figure 3.13 more resolution for the interesting band 

 

From these two figures it could be extremely clear to identify EMI from the moped 

during the bandwidth from 400-450 MHz specially we can observe a difference of 10 

dBuV/m. This is the bandwidth what is wireless communication bandwidth in 

industrial or factory. Therefore the EMI from moped would be influenced wireless 

communication when mopeds are working around the wireless communication system.  
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4. Discussion 

 
There are some problems that face during the measurement. The first one is the step 

frequency must be smallest in order to make sure the accurate but it will be taken too 

long time to capture the EMI signal. The second one is the bandwidth of CISPR-16 are 

200HZ, 10 KHz and 120 KHz. But now according the developing the technologies the 

new RF technique have higher bandwidth (e.g. 200 KHz is used by GSM). Then the 

detector mode has less bandwidth than the signal that influence caused by that is a 

reading the less value than the real value. [13] 
   The work we could improve for this project in future. The measurement could be 

more accurate by using long time to collect the EMI. Then step frequency will be used 

as 0.5 MHz like moped measurement. And for characteristic the welding instrument 

more welding machines have to be measured. In this project only two different kinds of 

welding instruments were used which are TIG and MIG. But there are still some of 

different welding used in the factory such as OFW (oxy fuel welding), PEW 

(Percussion welding) and so on. [7]In this project the moped that used is a new one. It 

could be interesting to find an older one to do the same measurement and compare with 

each other to tell the difference. Besides moped some motors and tracks could be 

surveyed also. In the last the time domain analysis should be used in future.  
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5. Conclusion  
 

Interference measurement and analysis of different sources has been done. It has been 

measured interferences from two different welding instruments which are TIG and MIG. 

They are commonly used in the factory and industrial. Therefore they have represented 

the EMI from majority electric welding instrument. And moped is also to represent the 

vehicles in reality. 

 

Welding which one of them TIG is inserting disturbances in 270-350 MHz and MIG is 

to disturb the frequency from 170-240 MHz. So TIG is a welding that can affect more 

the wireless communications which wireless communication use near 350 MHz. It will 

depredate the wireless communication and make the wrong commend or delay etc.  

 

Moped we observe that insert interferences from 400 to 450MHz this can affect 

unlicensed ISM frequency band. In industrial environments must be taking in account 

the effects of welding systems and vehicular transport. For systems working in low 

frequencies the communication can suffer big problem.  
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