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Introduction: 
Some electronic equipment and systems are susceptible to 
"Electric Fast Transient (EFT)" when tested in 
accordance with IEC 801-4. Investigation of the failure 
mode, reveals the compromise between the standard IEC 
801-4 and burst phenomena in reality which comprise 
much higher voltages and frequencies. 

This paper explains, how the burst "EFT' will be 
generated, what compromises have been madle to the 
standard 801-4 and the consequences of testing ielectronic 
equipment using these compromises. To avoid operational 
failure of some electronic equipment, the "real EFY must 
be simulated. 
In this paper the results of ElT testing on an electronic 
system will be presented. The test was conducted with 
spike frequencies up to 500k.H~ and voltage amplitudes 
higher than 4 kV. 

Definitions: 
EMC Electro Magnetic Compatibility 
EFT Electric Fast Transient 
EUT. Equipment Under Test 
Spike Single transient 
Burst Multiple transients 

1. SOURCES OF "EFT" INTERFERENCE 
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Figure 1. Source of "EFT" 

Disconnection of the current generates in the two 
remaining circuits damped oscillating transients with the 
self resonant frequencies f l  and f2. Since L1 is generally 
much lower than L2, the resonant frequency f l  on the supply 
side becomes higher than f2 on the user (load) side,Thmugh 
vector superposition of the voltage level over the switching 
contacts, the voltage can become considerably higher than 
the voltage of the individual components on the supply or 
the load side. If the resulting voltage over the contacts is 
above the voltage isolation capability, a voltage collapse 
occurs between the electrodes of the switch . This 
intermittent ignition and interruption of the spark gap 
channel leads to a switching frequency, which changes 
during the course of the switching process. This intermittent 
process only comes to an end when the voltage stress 
exerted on the switching contacts is below the electrical and 
thermal strength of the spark gap channel. 
see figure 2. 

When inductive loads like d a y  coils, timers, 
motors, contactors etc, are connected to or dic;connected 
from the line, a spark occufi between the mechanical 
contacts of the switch. In the following figure one of 
many possible circuits is shown. 

CH3169-0/92/0000-0037 $3.00 01992 IEEE 
189 



'igure 2. EFT switching process 

The outcome of EFT measurements 
- Amplitude U B ~ ~ ~  in the region of lOOV to some kV for a 

- Spike repetition rate f4 in the order of lkHz up to lMHz 
- No constant spike repetition rate f4 within one burst 

- Burst duration of lops up to some ms ( t h e  between A 

115V/220 V power line. 

(Random Mode) 

and E) 

Power lines 

Test Spike 
voltages repetition rate 
Ikvl 
0.5 5 
1 5 
2 5 
4 2.5 

special ? 

The following equation should help to clarify these 
observations. FOt reference take the circuit and the 
abbreviations in the figure 1. The relay (load) has the 
following rated data: 

Signal lines Vo 
connections 

Test Spike 
voltages repetition rate 

Ikw 1 
0.25 5 
0.5 5 
1 5 
2 5 

special ? 

I =  70mA 
L 2 =  1H 
C2= 8OpF 
R 2 -  notrelevant 

1/2 LIZ = 1/2 c u 2  

U = I E= 70.10-3 [A] ,/z I:; = 7826 V 

= 17.8 kHz 1 with f2 = ~ 

2 ¶ f i  

Assumption: The energy stored in the inductance is 

The power line has approx.the following characteristics: 
completely transferred to the stray capacitance. 

I -  70mA 
L 1 =  lomH 
C1- 8OpF 
R1= not relevant 

1/2 U2 = 1/2 c u 2  

U = I E= 70.10-3 [A] /= !F: = 25 V 

with f l  = 1 = 5.6 MHz 
2 ¶ 6  

From this equation, which relates to a practical 
application, it becomes clear that voltages in the range of 
several kV and wide spectrums of frequencies can originate. 

2. THE IEC 801-4 STANDARD 

IEC 801-4 was prepared by the IJX product commitW 
'E 65 responsible for "Industrial-process measure.ment and 
control equipment" published in 1988. Today other product 
committees use this document as an immunity standard to 
test their products. This document describes clearly test 
levels, test setups and test applications. 

The waveform is defined into a load of 50 Ohm as shown 
in the picture below: 

ut 

t- 

I dspence on teat voltngo level 

I I 

Figure 3. E m  waveform definition 

The proposed test levels in 801-4 are: 

Classes 

1 
2 
3 
4 

Table 1. 
X 

A comparison of voltages and frequencies between the 
standard and reality, shows that the standard voltages and 
frequencies can be exceeded in reality. Of course the class 
"x" can be interpreted as higher and lower voltages and as 
higher and lower frequencies. The product committee can 
choose for a specific product higher voltage and frequency 
levels. 
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The reasons for the differences can be given as follows: 

Voltage: 
- For most electronic equipment and systems a quality 

control of up to 4kV is sufficient. The development engineer 
must test the equipment with higher voltage levels to fmd 
the real susceptibility levels of the electronic equipment. 
Only when the development engineer has tested the 
equipment with a higher level then 4kV, can he guarantee 
the 4kV level. For some electronic equipment 4kV is 
insufficient. 

- The product committee must decide whether the class 4 
is sufficient for their product or not and whether a higher 
test voltage then 4 kV must be applied. 

- The analysis of all Haefely PB users shows ihat approx. 
20 I make tests up to 8 kV 

- It is explained in the fmt chapter how higher voltages 
occur in reality. 

Frequencies: 
-An excerpt of the existing 801-4 standard shows, that 

because of the technical limitations for the switch used in 
the EFT generator, no higher frequencies can be :specified. 

Excerpt of the 801-4 publication 1988 page 45 
" The actual phenomenon of a burst occurs with 

repetition rates of the individual pulses from lokHz up to 
1MHz. However, extensive investigations have indicated 
that this relatively high repetition rate is difficult to 
duplicate with a generator using a fixed adjusted gap. 
Therefore lower repetition rates have been r;pified in 
Subclause 6.1.2" 

3. EXAMPLES: TESTED IN ACCORDANCE WITH 
IEC 801-4. Failure in operation 

Haefely have received reports from different EFT users, 
that equipment fails in operation after passing the test. The 
two following examples explain the problems. 

3.1 Example "Higher Frequency" 
A static invertor used for a three phase motor can often 

be affected by EFT during operation. 
Manufacturers of these invertors often usedl the excuse 

that " They tested the static invertor to the maximum levels 
of EC 801-4", voltages up to 4 kV and 5 kHz spike 
repetition rate, to counter protests from customers. In all 
cases every different possible coupling path ( L.1-earth, L2- 
earth. etc.) was tested without any failure of die electronic 
static invertor. 

Figure 4. Test in accordance with IEC 801-4 

An additional test in the manufacturers laboratory, with a 
motor connected on the power side of the invertor in 
parallel, resulted in disrupted operation. For a short time the 
invertor operated into a short circuit. This test demonstrates, 
that for test objects like invertors, E m  testing in 
accordance with IEC 801-4 is insufficient. 

I 

Figure 5. The invertor is affected when the primary 
motor operates 

Whether higher voltages, higher frequencies or high 
energy impulses were the reason for the failure, could be 
evaluated with the Haefely PEFT generator. 

I @ I  YRCa 

J 
Figure 6. EFT test with higher frequencies 

The PEFT generator manufactured by Haefely, can 
generate spike repetition rates up to 500kHz. At a voftage 
level of 4kV, the frequency was increased linearly from 
l0kH.z up to 100kHz. Testing the invertor with a PEm 
generator showed that at approximately 62kHz the failure, 
as Seen with the parallel motor, recurred. 
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3.2 Example "Higher Voltage" 
As mentioned in the introduction, EFT sources generate 

higher voltages and frequencies than those specified in the 
801-4 document. A lot of electronic equipment will only fail 
at these naturally occuring higher voltages and frequencies. 
An automatic washing-machine controlled by a micro 
processor passed the EFT test, level 4, voltage 4 kV and 
frequency 5 kHz. Every different coupling path was tested at 
the single phase power input of the washing-machine. 

1 I 
Figure 7. Test in accordance with IEC 801-4 

In operation the washing machine was affected in such a 
way as "uncontrolled turning of the waterpump". 

I 

rigure 8. The washing-machine is affected when motors 
operate 

The reason for the "uncontrolled running of the 
waterpump was an E m  interference source S 1 or S2. 

Figure 9. EFT test with higher voltages 

Testing the invertor qith a PEFT generator showed that 
at approximatly 7 kV the failure "uncontrolled running of 
the waterpump" recurred. 

4. IEC 8014 TEST "WITH HIGHER VALUES" 
FOR AN ELECTRONIC SYSTEM 

I 

Figure 10. The EUT System 

The system EUT consists of: 
- EUTl Master PC for remote control of the line interference 

- EUT2 is a line interference generator with a micro proces- 

- The two pieces of equipment are connected by 3m IEEE 

- Each equipment is powered by a cable of max. 2 m length. 

generator 

sor control 

data bus 

The following connection can be effected by an EFT. 
1. Power port of the EUTl 
2. Power Port of the EUT2 
3. IEEE data bus 

The tmnsient immunity test equipment can be described 
as follows: 
- EFT generator type PEFE all parameters like voltage, 

spike repetition frequency, burst duration and the number 
of spikes within one burst can be selected over a wide 
range. The spikes within a bust packet can be selected to 
have either even spacing or random distribution. 

- The module PHV41.1 to generate spike frequencies up to 
500 kHz and voltages up to 4 kV. 

- The module PHV 42.1 to produce voltages higher then 4 
kV. 

- In each module a single phase coupling / decoupling 
network is installed, which enables the EFT to be coupled 
into the power ports of the E m s .  

- The capacitive coupling clamp makes it possible to inject 
the EFT into the IEEE data bus. 

Parameters in accordance with IEC 8014. 

- Burst duration 15 ms for spike frequency 5 kHz 
- Burst repetition 3 Hz 
- Number of spikes per burst: 75 for frequency sweep 
- Coupling path on the single phase L-GND, N-GND 

PE-GND 
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4.1 Selection of the most appropriate PC with 
the EFT 

The fmt step was to select a pers~nal computer for use 
as a master PC in the system. Therefore a number of PC's 
were exposed to EFT. 

Level 

1 

For the test each PC was set up with a VGA monitor, a 
keyboard and a 386 processor. The failure criteria was: 
- change in a program which measures the processor speed 
- drop out of the keyboard 

Test Spike Results 

lkvl FHzl s1 s2 s3 
0.5 5 OK OK failu 

voltages repetition rate 

1 PCtype I Level 1 Level2 I Level 3 I Level 4 I 2 
3 
4 1 ;gl 1 g 1 5 

D.S. OK OK OK 
Table 2 The PC selection results 

re 
1 5 OK OK 
2 5 OK OK 
4 2.5 OK failu 

Three of five Pc's passed the test. 

- I Fvl I 1 
1 1  0.5 5 

4.2 Additional tests on the selected PC 
For reasons other than EMC the PC type D.C. was 

chossn for further testing. 

2 1 5 
3 2 5 
4 4 2.5 

x 1  5 2.5 
Y1 4 100 
Y2 4 500 

- 

The further tests include higher spike frequencies and 
higher voltages. 

Level Test Spike 

Level I Testvoltages Result I 

Results 

2 
3 
4 
x1 
Y2 

1 5 OK 
2 5 OK 
4 2.5 OK 
5 2.5 OK 
4 100 OK 

The laboratory test shows that the PC type D.C. has a 
very high EFT immunity. This Pe exceeds the class 4 in 
accordance with IEC 801-4. 

4.3. PC fully assembled as used in the system 
To use the PC in the system the following paLrts must be 

added: 

S1: a printed circuit board with a Centronics and a serial 

S2: an IEEE output port 
S3: a mouse 

port RS 232 

The further tests were conducted step by step with the 
same failure criteria. 

S1 is a printed circuit board from the PC (type D.C.) 
manufacturer. S2 and S3 are from different manufacturers. 
The test results in table 4 shows that with S2 and especially 
with S3 the immunity level is drastically reduced. 

I I I I r e 1  
Y1 I 4 500 I OK I I I 

Table 4 Laboratory tests of PC fully assembled for the 
system 

4.4. PC set up as used in the system 
For this test the PC set up described in 4.3 is used. The 

PC is set up as it will be installed in the system. The PC is 
placed on a table 80 x 200 cm. The failure criteria are still 
the same. 

Level 1 Test I Spike I Results 
voltages repetition rate PC complete 

I Fvl I 1 I 
1 1  0.5 5 OK 

failure 
Y1 100 OK 
Y2 2 500 failure 

Table 5 PC set up as used in the system 

Comparison of the test results from table 4 and 5 shows 
that the immunity levels are increased from 0.5 kV to 2 kV. 

4.5. Tests on equipment EUT2 
The failure criteria is correct operation of the built in 

microprocessor which controls the line interference 
generator. 

The measured results are summarized in table 6. 
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4.6 Test on the system 
Finally the EFT was coupled into connection 1 and 2 of 

the system. The resident software of the system is started 
and run during the immunity testing. 

r 
Test Spike Result 

Level voltages repetition rate PC complete 
lkvl I and EUT 2 

1 0.5 5 OK 
2 1 5 OK 
3 2 5 failure 

x2 
Y1 
Y2 

1.8 5 failure 
1.5 50 OK 
1.5 100 failure 

3 
4 

The test results "power port" table 5 and table 7 shows 
that the immunity level decreases from 2 kV to 1 kV. 

2 5 failure 
4 2.5 

Spike Result 

x1 I 1.2 5 

I FYI I 1 I and EUT 2 
0.5 5 OK 

OK 

2 
3 
4 
x1 
Y1 
Y2 

x2 I 1.5 I 5 I failure 
Y1 1 1.2 50 OK 

1 5 OK 
2 5 OK 
4 2.5 OK 
5 2.5 OK 
4 100 OK 
4 500 OK 

I Y2 I 1.2 I 100 I failure I 
Table 8 Test on the connection 3 

Tabel 8, tests with the coupling clamp on connection 3, 
does not show a very good system immunity, whereas in 
table 9 the immunity is very high. 

In reality connection 3 would be in a metallic cable duct. 
The cable duct acts as a shield. Only a short part of con- 
nection 3 can be affected by EFT. When the EFI' is injected 
into this small part of the cable the immunity level changes 
drastically. The new test results are shown in table 9. 

I I Level 1 Test 1 Spike I Result 
voltages repetition rate PC complete 

I FYI I 3 I and EUT 2 
1 1  0.5 5 OK 

4.7. conclusions of test results 
The immunity level of the individual equipments EUTl 

and EUT;! is very high. However, when they are coupled 
together to form a system the immunity drops drastically. 

As shown in 4.6 it is very important to test in the real 
installation e.g. inject the EFT only in the visible part of the 
connection 3. 

Equipment to make a system must be selected very 
carefully. The mouse or the remote control IEEE board 
change the immunity of the PC as shown in example 4. 

Also the software in the EUT has a big influence on the 
immunity levels. When a software is running which does not 
communicate with the remote control port the test results 
will be different. 

The conclusion is that a system must be tested in the 
operating configuration. 

5. CONCLUSIONS. 

In the case of m - t e s t  on electronic equipement and 
systems in the laboratory, and also tests with the system, set 
up as installed in the operational environment, must be 
carried out. 

Originally the IEC 801-4 document was written as a 
standard for testing Industrial Prccess-, Measurement- and 
Control equipment. Today the document is used as a basic 
standard for EFT phenomena. Since 801-4 is a basic 
standard, different IEC product committees will use it as a 
source document as they prepare standards for their own 
relevant products. With burst sources such as, motors, 
relays, timers, conductors etc. everywhere in power lines, 
there are plenty of sources that can distub the nominal 
operatio of electonic equipment. Manufacturer of electronic 
equipment need to be aware of the effects of higher spike 
frequencies and higher voltages on their equipment and the 
resulting possibility of failure. Failure of the manufacturer to 
do so can have an adverse effect on the quality of their 
product, as well as the market reputation of the company. 
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