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Abstract 
 
Electrical safety is top priority issue for most companies in the world today, both 
regarding the electrical safety of their customers, but also concerning there own 
employees during the manufacturing phase. Laws and regulations are very strict on the 
producers / employers responsibility on these issues. 
 
By introducing Electro Static Discharge (ESD) protection in a production facility, i.e 
creating and ESD Protected Area (EPA), one can jeopardise the electrical safety for the 
personal, therefore it is highly advisable to always have authorised personal inspecting 
the EPA, with respect to electrical safety, after any alterations / installations has been 
preformed. 
 
This report is mainly focusing on the impact of introducing ESD protective garments 
inside an EPA. Our conclusion is that if live voltages are being handled inside the EPA 
and ESD protective garments are worn, then there is a potential danger for the person 
wearing this kind of garment. Special safety measures must be taken, to assure an 
acceptable safety level. These special safety measures should also include, informing and 
training the affected personal, clearly marking the part of the EPA where live voltage is 
handled and not allowing untrained personal into this area of the EPA. 
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Summary 
 
Studies show that the electrical safety can be maintained for a workstation where open 
voltage is handled even if ESD-protection is applied. However, the most simple safety 
measure is to separate manufacturing operations where live voltage is handled from 
operations where ESD-protection is needed, for instance separation of testing and 
trimming operations from repair operations. If such separations are not possible, then one 
must apply the following rules: 
 

• Design of the workstation, e.g. regarding organisation of the work, admittance to 
work area, all based on risk assessments regarding electrical safety. 

• Design of the ESD-protective system (e.g. ESD-grounding) and of the power 
supply.  

• Selection of proven electrically safe instruments and tools. 
• Design of concrete working rules for each individual station. 
• Informing and training the operators. 
• Maintenance of the level of electrical safety by regular supervision. 

 
All must be based on valid national and international laws, standards, rules and 
regulations for electrical safety. The report contains references to such applicable 
standards. A Swedish guide for the design of an ESD-system for a workstation where live 
voltage is handled is quoted. 
 
The use of ESD-protective garments increases the risks at such workstations due to the 
increased "low-resistive" area of the operator. This area (low resistive garment) is to a 
high degree not controllable by the operator as for instance his/her naked hand. If no 
other ways (e.g. use of low-charging fabrics, high air humidity, tight fitting clothes) to 
limit the electrostatic voltage on the operators clothes are possible, the selection and use 
of ESD-protective clothing should be done so that: 
 

• Free hanging parts (e.g. loose cuffs) are avoided. 
• The resistance (as measured at mains voltage) of the fabric is as high as possible, 

without jeopardizing the ESD-protective properties. 
 
The last statement is justified by results of tests performed on three types of ESD 
protective fabrics, two of these fabrics had conducting threads made partly of graphite 
and they are referred too as core-conducting fabric (CC) and surface conducting fabric 
(SC). The third fabric has conducting threads made out of steel and is referred to as 
stainless steel fabric (SS).  
 
In these test the current along the fabric was measured at mains voltage, 260 V a.c. using 
different lengths to simulate a contact anywhere on an ESD-garment. The results show 
that the CC-fabric gave low currents <0.1 mA. The SC-fabric gave currents <3 mA, while 
the SS-fabric gave currents up to 10 mA. Also a high current test (about 2.5 A) was 
performed. At the high-current test the threads of SS-fabric were glowing and the fabric 
started burning, while no such signs could be seen for the other two types of fabrics. 
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1 Introduction 
 
Some operations have to be performed in environments where the operator handles 
delicate electrostatic sensitive electronic components or assemblies at the same time as 
he/she runs the risk to be exposed to harmful (for a person) un-insulated voltage. For 
instance at: test and trimming operations, repairs, at development laboratories.  
 
To protect the ESD (Electrostatic Discharge)-sensitive components a program is 
generally implemented that: prescribes grounding of all conductors to ground to drain 
away any possible electrostatic charge, prohibits the use of highly chargeable isolators in 
the working area, etc. Such an area is called EPA (ESD Protected Area). The operator 
constitutes a relatively high capacitance (100-200 pF) to the surrounding virtual ground 
and is easily charged when moving around. He/she can accordingly store large amounts 
of charge often at high electrostatic voltage, which can cause a harmful discharge through 
a sensitive component or assembly. The most important mean to take in an EPA is 
therefore to connect the operator to ground. 
 
Normal clothing made from polymers and/or wool, is generally isolative and as such 
chargeable. ESD-sensitive components/assemblies placed close to such clothes worn by 
an operator will be exposed to an electrostatic field which, when the operator handles the 
components/assemblies may destroy them. The use of ESD-protective garments, which 
minimize the electrostatic field caused by the normal clothes, is therefore prescribed in 
EPA. 
 
It is assumed that an EPA working environment where live voltage is present can put the 
operator into more numerous and more severe hazardous situations than if no EPA had 
been implemented and also if he/she had not used an ESD-protective garment in the EPA. 
 
 
 
2 The aim of the study 
 
The main objective for this study is to elucidate: 
 

• Whether the use of ESD-protective garments in an EPA has any impact on the 
electrical safety for the operator compared to a situation where he/she is not using 
any ESD-protective garment in the same environment. 

• Whether the design, material or use of the ESD-protective garment has any 
impact on the electrical safety. 

 
To get a more complete background, also possible decrease of the electrical safety by use 
of ESD-protected means (in an EPA) will be discussed, mainly for illustrative purposes. 
Possible safety measures to avoid or minimize the identified hazards will be proposed. In 
many cases the hazards are related to voltages generated in the manufactured product, e.g. 
high voltage for “Cathode Ray Tube” (CRT), like in TV-set. However, all analysis will be 
done taking in consideration the mains voltage only, i.e. sinusoidal voltage having a 
frequency of 50/60 Hz. 
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3 Working environment 
 
 
The considered environment is an EPA as described in ref. [1], the standard EN 61340-5-
1. Transferring these requirements to an applicable equivalent electrical scheme results in 
following approximation, see Figure 1. 
 
 

 
Figure 1 Equivalent scheme for the working environment. 

 
In Table 1 the descriptions of the resistances described in Figure 1 are presented. All 
given resistance values are related to d.c. measurements and most often at 100 V, only in 
some cases 260 V a.c. has been used to measure the resistance. The resistance values are 
likely to be voltage dependant for most materials used in these applications giving lower 
resistance values at higher voltages. The resistance may also be strongly non-linear as a 
function of voltage causing the resistance to drop rapidly above a certain voltage level. 
Measurements using d.c. will exclude all effects of capacitive coupling parallel to the 
resistive path. Both these circumstances may cause an overestimation of the actual 
impedance/underestimation of the risk at mains voltage (or any other voltage above 100 
V peak and/or having a frequency component). It is therefore unwise, without further 
investigation, to use resistance values established during ESD-testing for purposes related 
to electric shock hazard. 
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 Description Value (Ω) acc. to ref. 1 
R1 Resistance between the (grounded) 

case of possible test instrument(s) and 
the work surface. 

Any value between 0 and infinite. 

R2 Resistance between the grounded case 
of the equipment under work and the 
work surface. 

Any value between 0 and infinite. 

R3 Resistance to EPA-ground from 
anywhere on the surface of the work 
surface to EPA-ground. 

7,5x105< R3<1x109               Note 
1 
 

R4/5 Resistances (in parallel) from person 
to floor covering. 

5x104<R<1x108                     Note 
2 
<1x109 

R6 Resistance from person to EPA-
ground via worn wristband. 

7,5x105<R6<3,5x107                

R7 Resistance from seating to floor 
covering 

R7<1x1010 

R8 Resistance from any point on the 
flooring to EPA-ground. 

R8<1x109         Notes 2 and 3 

R9 Resistance between EPA-ground and 
the mains equipment ground. 

Very low. Generally <5.  

Note 1:  The ESD-coordinator may approve a "hard ground" i.e. <104 Ω. 
Note 2: If the combination footwear/floor system is the primary means of grounding people the  

resistance should be 7,5x105<R<3,5x107 Ω.  
Note 3:  A minimum resistance value may be required for the protection for safety. 

Table 1 Descriptions of the resistances that are presented in Figure 1. 

 
The ESD-protective clothing (garments) can be of different design: e.g. smocks, cover-
alls. They are very seldom fitted with a separate electrical contact for connection to 
ground via a cable. As operators normally wear their normal clothes underneath the 
garments, the electrical contact between garment and the person is not assured unless: 
 

• the sleeves fit tightly to the wrists, or 
• the clothing is fitted with e.g. a hood which covers the operators head, or 
• the operator wears special ("conductive") clothing underneath, or 
• the environment is controlled to a relatively high relative humidity. 

 
The contact operator-to-garment is unfortunately very often limited to incidental contacts 
at the wrists or at the neckband. Without this intermittent contact the resistance garment-
to-person, is determined by the vertical resistance through the normal clothes. The 
resistance between operator and garment is consequently not possible to determine in 
general because it is often very unstable. 
 
Bench work can be performed seated or standing. A wristband is normally used when 
working at a bench. 
 
Tools can be of electrical type with grounded shells, e.g. electrical screwdrivers through 
which the operator is grounded (instrument ground) when he/she grabs it. 
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4 Physical responses of people to electrical shock 
 
Electrical shock (unintended contact with hazardous live voltage) is dangerous for a 
person. Hazardous live voltage is, according to electrical safety standards, voltage over 
42.4 V peak value and 42.4 V d.c. (EN 60335-1, ref [2]). Off course this is not the whole 
truth, even low voltage can be dangerous if the current at the same time is very high. For 
example, the standard IEC 60950-1, ref [3], specifies that energy levels over 240 VA, at a 
potential of more than 2 V, are dangerous. Humans have no defence system for electrical 
shock. We cannot see electrical current, we cannot smell it, and we cannot hear it. The 
only way for a person to discover electrical current is when we feel it, but then it is often 
too late, we have already got the electrical shock. 
 

 
Figure 2 A possible current path through the heart or torso of a person. 

 
The following quote is from IEC report 479-1:1984, ref [4] regarding effects of current 
passing through a human body: 
 
“Ventricular fibrillation is considered to be the main cause of death by electrical shock. 
There is also some evidence of death due to asphyxia or cardiac arrest. Phato-
physiological effects such as muscular contractions, difficulty in breathing, rise in blood 
pressure, disturbances of formation and conduction of impulses in the heart including 
atrial fibrillation and transient cardiac arrest may occur without ventricular fibrillation. 
Such effects are non-lethal and usually reversible; current marks may occur. With 
currents of several amperes, heavy burns resulting in serious injury and even death are 
likely to occur.” 
 
Figure 2 shows a possible current path through an operator that has come into contact 
with hazardous live voltage; for example, his/her sleeve of the ESD-cloth and at the same 
time he/she touches or is in contact with ground (electrical ground) with the other hand. 
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Figure 3 Impedance of the human body 

 
In Figure 3 we see the electrical scheme for the impedance of the human body. This 
scheme is from ref. [4], IEC report 479-1:1984. Zp1 and Zp2 is the impedance of the skin 
that can be considered as a network of capacitances and resistances, Zi is the internal 
impedance that can be considered as mostly resistive. The total impedance, ZT is Zp1 + 
Zp2 + Zi. The total resistance is depending on which way the current will travel through 
the human body. The total resistance hand-to-hand is typically 2 kΩ, but can vary a lot. 
This value is taken from the referenced report, where more information can be found. 
 
If we look at the highest allowed values for leakage current from, for example handheld 
household appliances it is at most 0.25 mA, according to ref. [2], clause 16, EN 60335-
1:2002. Taking this into account, all currents above 0.25 mA shall be regarded as 
dangerous. 
 
People exposed to current reacts in different ways depending on, for example the 
condition of the human skin, the size of the contact area and more. Different persons also 
have different threshold levels where they start to feel the current. Some people may not 
feel 1 mA and some people can feel 0.3 mA. A person that is exposed for i.e. 10 mA may 
not be able to come loose of the current source due to muscular contractions and, 
depending on the exposure time, the damage can be serious. 
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5 System model 
 

The system we are studying consists of a live voltage connected to an ESD-garment, 
which is worn by an operator, who is grounded. 
 

 
Figure 4 Equivalent and simplified electrical scheme for a dangerous situation for an 

operator 

 
 

 
Figure 5 Simplified version of Figure 4. 

 
In Figure 4 and Figure 5 we can see a simplified model of the grounded operator who 
accidentally is coming into contact with (L), which is a hazardous live voltage and at the 
same time is in direct contact with ground with his hand. R1 is the contact resistance 
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between the fabric and the live voltage. The resistances R2 and R4 are the horizontal 
resistances of the fabric and R6 is the resistance of the operator’s body including the torso 
to ground. R3 and R5 are the extended contact resistances between the fabric and the 
body. (The expression "extended contact resistance" is used to include parts of the 
operator’s body that are not belonging to the torso.) Normally the impedance of the body 
of the operator is described in a more precise way; however there is no need to be more 
accurate for the actual purpose. 
 
One of the worst cases for the operator would be if R4 and R5 would be much higher than 
any other resistance. Then all the current would go through the torso of the operator (R6). 
If the remaining series resistance is low enough the current might be lethal for the 
operator.  
 
One should mention again that these resistors are non-linear and that threshold values for 
them are unknown and probably not measurable for the general case, but it is clear that in 
worst cases the dangerous situations might be lethal. 
 
If the operator had used no ESD-garment the normally rather isolative clothing had given 
him/her enough protecting in the described situation. However if he/she had used clothing 
with no sleeves, the live voltage, L had come into direct contact with the left arm and the 
situation could have been at least as severe as with the ESD-garment. 
 
 
6 Laws, rules and regulations for work with live voltage 
 
The following two standards apply to workplaces when handling live voltage:  
 

• EN 50191 Erection and operation of electrical test equipment. Ref. [5]. 
• EN 50110-1 Operation of electrical installations (combined with national 

requirements). Ref. [6] 
 

Also national wiring rules specify how work with live voltage shall be conducted. In 
Sweden for example a handbook, “SEK Handbok 430”, ref. [7], is a guideline for erection 
of workplaces. This handbook specifies that ESD protective measures can be introduced 
only if they not affect the electrical safety. 
 
Let us assume that a person is to perform measuring and repair work on electrical 
equipment inside (or outside) an EPA. The electrical equipment is partly disassembled 
during this operation to give access to parts at live mains voltage. The above mentioned 
standards ref. [5] and [6] then require, in short; 
 

• if necessary, appropriate instructions for safe working including a risk 
assessment; 

• suitable training and experience of the person performing the work; 
• suitable clothes, tools, equipment etc. in respect of electrical safety; 
• workbench tops shall be made of insulating materials (e.g. the removal of ESD-

protective means); emergency switching device, supply by RCD (residual current 
device) or isolation transformer 

• working within 500 mm of parts at a voltage > 50 V a.c. or > 120 V d.c. is only 
allowed after applying suitable measures (protective screens, barriers etc.) to 
prevent access to hazardous parts or areas; 
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working on live parts protected against hazardous overload and short circuit conditions – 
only allowed using insulated or insulating tools (tools for live working according to IEC 
60900 ref. [8], safe instruments according to IEC 61010 ref.[9], etc.) 
 
 

7 Risk analysis 
 
Working rules, based on laws, standards, regulations and recommendations for the 
operators electrical safety are assumed to be (and must be) exercised in the design of the 
EPA and the work in the EPA. These rules assure that dangerous situations should not 
occur. If such a situation in spite of these rules occurs its reason is: 
 

• the rules are not clear or do not cover all situations, or 
• the rules are not followed, intentionally or accidentally, e.g. by not trained 

operator, dangerous simplification of the work, by another (primary) accident or 
occurrence not related to electrical shock, or 

• materials, equipment or components, which should assure of the electrical safety 
do not work properly (wrong design, selection or failing). 

 
Each workstation has its own specific safety problems that have to be solved safely, but at 
the same time so that the work can be done efficiently. The rules given in standards and 
regulations have to be concretised and individually adapted to the specific workstation. In 
the design of such workstation specific rules, the following discussion, or risk analysis, 
can be of help. All incidents are related to the situation where the operator at the same 
time gets low-resistive contacts: to live voltage on one hand and to ground (or to a live 
voltage of a considerably different voltage) on the other hand.  
 
Case A.   These contacts can be the consequence of a single event, e.g. 

a) the live voltage contacts to the operators finger when holding a measurement 
probe, 

b) the live voltage contacts to the sleeve of the ESD-garment when the operator 
works inside an operating equipment. 

 
Case B.   A dangerous situation often needs two separate (double) events to occur, e.g. 

a) the live voltage contacts to the sleeve of the ESD-garment when the operator 
works inside an operating equipment and at the same time the operator is 
contacting a grounded equipment cover. 

 
Case C.   One of the double events can generate from an electrical safety fault in a 
component of the working environment or even a fault in the equipment under work, e.g. 
a break in an insulation or fault in the grounding of the equipment and at the same time a 
mistake by the operator. 
 
Case D.   A dangerous incident can occur from a situation, which primarily is not related 
to electrical safety, e.g. 

a) slipping on the floor, which can cause the operator to enter a dangerous area and 
contact to live voltage, or 

b) an accidental push from a passing person causing the same reaction. 
 
 
 
Comparing the three alternatives;  
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• no ESD-protection at all applied,  
• ESD-protection applied but no ESD-garments used,  
• ESD-protection applied and ESD-protective garments used, 

 
against the hazardous events above, one can conclude (without any attempt to put figures 
on the possibilities for each case, which is considered not possible):  
 
The effects of incidents (especially a single), are escalated by the use of ESD-protective 
means, as the fault current more possibly passes the operator and in most cases is less 
limited than if no ESD-protective means were used. At least, the number of safety 
incidents, which lead to a severe condition for the operator is higher in an ESD-protected 
environment than if no ESD-protection was used. 
 
The difference in the effects of incidents if ESD-garments are used or not, is considered to 
be less significant.  
 
The probability of occurrence is escalated by the use of ESD-protective garments 
compared to not using garments. The "low resistive" exposed area of the operator 
increases considerably and most of this area is also not controllable by the operator to the 
same degree as a naked hand. This is of course dependant on the resistance of the 
clothing. The higher the resistance, the lower the increased risk. 
 
An incident may result in any of following dangerous consequences for a person: 
 

A. harmful* or lethal current is passed through the body of the person by 
simultaneous contact including a) a part of the body (hand, hands, head etc.), and 
b) a part of the clothing or another part of the body, where a) and b) are 
accidentally connected between two points operating at different electrical 
potentials; 

 
B. harmful electrical energy is produced in the fabric as two different parts of the 

clothing are accidentally connected between two points operating at different 
electrical potentials causing high temperatures, fire and/or burns. 

 
*) Harmful current also includes a current level where a person will sense the 
current and/or experience involuntary muscle reactions causing secondary 
injuries (i.e. falling off a ladder, movements into hazardous areas, psychological 
effects). 

 
The second of these consequences is unique to the use of ESD-garments. As said above, it 
is not possible to generally estimate the probability for these consequences to occur. 
However, in situations where hazardous voltages and/or hazardous energy levels can be 
exposed in the work environment risks giving these consequences must be considered. To 
establish the effects of the consequences mentioned in B above, tests have been 
performed. For description of the tests and results, see chapter 9.2.  
 
 
8 Tests  
 
Tests have been performed on some of the existing types of ESD protective fabrics in 
order to evaluate whether ESD-protective garments manufactured from different fabrics 
would have any impact on the electrical safety. Therefore the current at mains voltage for 
different fabrics have been measured. Also the effects of a very high current ("short-
circuit current") along the fabrics have been studied. 
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Three different types of fabric were used: CC - core-conducting fabric; SC - surface 
conducting fabric and SS - stainless steel fabric. The conducting fibres were woven into 
the fabric in a 5 mm x 5 mm mesh. The base fabric was either made of polyester or cotton 
/ polyester. Approximately less than 5% of the total weight of the fabric came from the 
conducting threads.  
 
 
8.1 Current measurements 
 
Figure 6 describes the test set-up. The resistor R1 is set to 24 kΩ, and is used to protect 
the R2 resistor. R2 is used for simulating the impedance of the human body and is 
selected to 2 kΩ. R3 is the ESD protective fabric and V is the voltmeter that is used to 
measure the voltage drop over the 2 kΩ resistor to be able to calculate the current. The 
voltage generator was set to 260 V a.c. 
 
 

 
Figure 6 Set-up for measuring current of ESD protective fabrics 

 
 
The voltage was applied to the by use of two stainless steel cylinders, diameter 63,5 mm, 
weight 2.5 kg. Two different types of contact media were used between the metal 
cylinder and the fabric, rubber and wet paper pads. The metal cylinder was moved along 
the fabric to see if there was any difference in the current depending on the length of the 
fabric. The length distance was defined from the edge from one cylinder to the edge of 
another cylinder. The width of the fabric was around 10 cm. The measurements were 
repeated three times for three different samples and for five different lengths. The longest 
distance was measured first, the next longest after that and so on.  
 
Measurements were conducted on three different samples of each type of fabric. It was 
found that rubber was not good as contact medium for these measurements, why only one 
measurement were made on each fabric type, with rubber as contact medium. It was also 
found that the stainless steel fabric gave very high current why measurements with water 
as contact medium only were conducted on the longest distance for this type of fabric.  
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8.1.1 Core-conducting (CC) fabric 
 
The results are given as current as a function of length between electrodes. 
 
 Measurement 1 Measurement 2 Measurement 3 
Distance between 
measurement points 
[cm] 

Current [mA] Current [mA] Current [mA] 

8.5 0.053 0.046 0.150 
13 0.036 0.034 0.039 
23 0.027 0.025 0.025 
33 0.021 0.019 0.019 
43 0.015 0.014 0.015 

Table 2 Core-conducting fabric with water as contact medium 
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Figure 7 Core-conducting fabric with water as contact medium. 

 
The length dependence of the current is clear and this implies that the contact resistance 
can be neglected, at least as an approximation.  
 

 Measurement 1 Measurement 2 Measurement 3 
Distance between 

measurement points 
[cm] 

Current [mA] Current [mA] Current [mA] 

8.5 0.0021 - - 
13 0.0022 - - 
23 0.0021 - - 
33 0.0022 - - 
43 0.0022 - - 

Table 3 Core-conducting fabric with rubber as contact medium. 
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It is clear from the measurements using rubber as contact medium that the surface 
resistance of the fabric was completely hidden behind the much larger contact resistance, 
from the rubber to fabric transition. 
 

Fabric: CC A 05
Current at U=260V

Contact medium: rubber

0.0020
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Figure 8 Current of a core-conducting fabric with rubber as contact medium. 

 
 
8.1.2 Surface-conducting (SC) fabric 
 
The current is presented in Table 4 as function of the length using water as contact 
medium. Also in this case is the length dependence of the fabric clear and therefore is the 
contact resistance negligible in comparison. 
 
 
 Measurement 1 Measurement 2 Measurement 3 
Distance between 
measurement points 
[cm] 

Current [mA] Current [mA] Current [mA] 

8.5 2.02 1.97 2.24 
13 1.11 1.16 1.26 
23 0.54 0.46 0.60 
33 0.37 0.31 0.30 
43 0.26 0.22 0.23 

Table 4 Surface-conducting fabric with water as contact medium. 

 
One can notice that the contact resistance also in this case could be regarded as low 
compared to the measured values due to the large dependence of length of the current 
values, also due to the low scattering of the measured values. 
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Figure 9 Surface-conducting fabric with water as contact medium. 

 
 
In table 5 and Figure 10 the results are presented for measurements with rubber as contact 
medium. 
 
 Measurement 1 Measurement 2 Measurement 3 
Distance between 
measurement points 
[cm] 

Current [mA] Current [mA] Current [mA] 

8.5 0.090 - - 
13 0.036 - - 
23 0.061 - - 
33 0.042 - - 
43 0.032 - - 

Table 5 Surface-conducting fabric with rubber as contact medium. 

 
The scattering of results makes it difficult to draw any conclusions about the impact of 
the contact medium; however it was less when water was used (as contact medium).   
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Fabric: SC A 05
Current at U=260V
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Figure 10 Surface-conducting fabric with rubber as contact medium. 

 

 
8.1.3 Stainless Steel (SS) fabric 
 
In Table 6 the results from measurements with water as contact medium are presented. 
Only one length of the fabric was measured.  

 
 Measurement 1 Measurement 2 Measurement 3 
Distance between 
measurement points 
[cm] 

Current [mA] Current [mA] Current [mA] 

43 9.3 9.4 9.0 
Table 6 Current of a stainless steel fabric with water as contact medium. 

 
In Table 7 and Figure 11 results of measurements with rubber as contact medium are 
presented.  
 
 Measurement 1 Measurement 2 Measurement 3 
Distance between 
measurement points 
[cm] 

Current [mA] Current [mA] Current [mA] 

8.5 9.34 - - 
13 9.33 - - 
23 9.36 - - 
33 8.84 - - 
43 8.72 - - 

Table 7 Stainless steel fabric with rubber as contact medium. 
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Fabric: SS A 05
Current at U=260V

Contact medium: rubber
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Figure 11 Stainless steel fabric with rubber as contact medium. 

 
The results show that the current is mainly limited by the 24 kΩ resistor in the test set-up 
and not by the fabric. No conclusion can be drawn about the surface resistance of the 
fabric. 
 
 
8.2 Short-circuit test 
 
The short-circuit test was made with a power source that had a maximum output current 
of 2.6 A at 260 V a.c. The voltage was applied instantaneously on the fabric without any 
additional current limitations. For the three types of fabrics the contact electrodes were 
applied to the fabric using water as a contact medium. 
 
The short circuit current was measured and any sign of burns on the fabric and on an 
underlying wrapping tissue paper were noted. Table 8 shows the results from the tests. 
 
Fabric Measurement 1 Measurement 2 Measurement 3 
CC No action, no 

burn 
No action, no 
burn 

No action, no 
burn 

SC No action, no 
burn 

No action, no 
burn 

No action, no 
burn 

SS 2.3 A, fabric 
burns 

2.5 A, fabric 
burns 

2.5 A, fabric 
burns 

Table 8 Results of the short-circuit test 
 
For the fabrics with core conducting and surface conducting threads no exceptional 
currents were noted and no burns on the fabric or on the wrapping tissue paper were 
noted. 
 
For the SS-fabric a short circuit current of around 2.5 A was measured. That was close or 
at the current limit of the power supply used during these tests. On the fabric several local 
burns were detected for all three measurements. Flames were also seen close to the 
electrodes in several different locations. In Figure 12, Figure 13 and Figure 14 such burns 
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on the fabric are presented. In Figure 15 burns on the underlying wrapping tissue paper 
are shown.  
 

 
Figure 12 Short circuit test, the thread glows when current passes through. 

 

 
Figure 13 Short circuit test, the thread glows when current passes through. 
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Figure 14 Short circuit test, the threads has been burnt. 

 

 
Figure 15 Short circuit test, burnt wrapping tissue paper used under the fabric. 
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9 Means to avoid increased risks 
 
It has been shown that the assurance of the electrical safety in an ESD-protected 
environment requires extraordinary measures. The most obvious remedy would be not to 
use ESD-protection at workstations where live voltage could appear. For instance at a 
combined measurement - testing - trimming and repair station, the two operations should 
be separated so that repairs, where ESD-protection is needed is performed separately from 
the measurement - testing - trimming operation. 

 
If the use of ESD-protection is necessary at a workstation where live voltage appears the 
following can and should be done:  

 
• establish concrete rules (working instructions) for the work at each 

individual station, based on all valid international and national laws, 
standards, rules and regulations and on a risk assessment (see chapter 8) for 
the workstation, 

• inform and train operators, 
• design the ESD-protective system in accordance with e.g. the Swedish 

Handbook 430 ref.[7], see below,  
• design the workstation and select safe instruments and tools based on valid 

laws, standards, national rules and regulations.  
• admittance to the workstation/area should be restricted to authorized 

personnel and it should have clear delimitations.  
 

If the use of ESD-protective clothing is unavoidable the operators control of the clothing 
should be as high as possible, that means that the clothing shall fit as close as possible to 
avoid any parts hanging loose, e.g. loose cuffs, which can get contact to live voltage.  

 
Other ways to avoid the use of ESD-protective clothing is to: increase the humidity in the 
working area (>45%RH), restrict the use of clothing to such that are manufactured from 
as low-charging fabric as possible (e.g. cotton) and to clothing fitting as tight as possible 
to the operators body (e.g. T-shirts). 

 
The selection of ESD-protective clothing based on type of fabric can be done. From the 
tests reported in chapter 9 one can see that there are differences between the fabrics. 
However, the electrical safety must never rely on a certain resistance of the fabric. 

 
SEK Handbok 430, ref.[7]  gives some valuable advise on how to design the ESD-
protective system at a working area where live voltage could be expected. For instance: 

 
• ESD protective devices (wristbands, surface of workbenches etc) shall be 

connected to a common connection point that is connected to the protective 
ground via a protective resistor with a value of at least 50 kΩ. Floors may 
however be connected to the mains protective ground. A connection for 
equipotential bonding conductor shall be installed. This connector shall be 
directly connected to protective earth. 

• The equipment under test (EUT) and auxiliary equipment shall be power 
supplied from a suitable supply providing protection against electric shock. 
Some examples of such supply systems are given in the Appendix. 

• Working close to or on live parts should as far as possible be avoided. 
Suitable means for disconnection, including emergency disconnect, must 
be provided. 
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• The risk of getting into contact with earthed parts (air ducts, pipes etc.) 
should be minimized by placing them out of reach or by the use of barriers, 
screens etc. This also includes protection against simultaneous contact with 
service objects belonging to different workstations. 

• All used means for assurance of electrical safety shall be supervised on a 
regular basis. This includes the resistance of protective resistors, insulation 
resistance between parts or circuits intended to be separated, the correct 
operation of RCD:s etc. 

 
 
10 Conclusions 
 
The use of ESD-protection at a workstation where live open voltage is handled should in 
the first hand be avoided, for instance by separating work operations.  If ESD-protection 
is mandatory, careful design of the workstation, selection of instruments and tools, design 
of working rules etc. have to be done to reach the required electrical safety level specified 
by national and international standards, rules and regulations.  
 
If the use of ESD-protective clothing is mandatory and not avoidable by other means, e.g. 
selecting of tight, low-charging clothing, the only measure to take is to select clothes that 
fit as tight as possible, particularly at the wrists (no hanging parts/cuffs).  
 
The electrical safety must never rely on data for the fabrics used for the ESD-garments. 
However, there are differences in safety between different types of fabrics. The 
performed tests show for instance that the relatively low-resistive SS-type is the most un-
suitable to use. 
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12 Appendix 
 
Extract from the SEK Handbook 430 ed1, translated from Swedish. The pictures are also 
taken from this technical report. 
 
Example 1 Protection by automatic disconnection of the supply by a laboratory power 
system designed as an IT-system. The service objects and the auxiliary equipment have 
additional protection by RCD. 
 

 
All socket outlets are supplied from an IT-system without neutral conductor. This system 
must not be connected direct to ground. The neutral point shall be connected to ground 
via an impedance to fulfil the requirements of an IT-system. The supply system shall be 
protected by a fixed disconnecting device that automatically disconnects the supply in the 
event of a single pole earth fault, for example by the use of a RCD (residual current 
device). 
 
At every workstation there shall also be a fixed RCD operating at the lowest possible trip 
current, in any case not higher than 30 mA. RCD:s having a trip current of 10 mA are 
recommended. 
 
The disconnecting device for the complete power system and the RCD at each 
workstation should be chosen to provide suitable selectivity. 
 
The socket outlets shall be connected to protective earth. 
 
The socket outlets shall be provided with suitable marking, i.e. “Outlet for service objects 
and auxiliary equipment” 

“BENCH” 

Protec

“FLOOR” 

ESD-

Socket 

outlets for 

Workstati
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Example 3A Protection by automatic disconnection of the supply and additional 
protection by RCD. Each service object has additional protection by a moveable isolating 
transformer. 
 
 

 
 
Socket outlets intended for auxiliary equipment shall, at each work station, be provided 
with a fixed RCD. Socket outlets intended for connection to a moveable isolating 
transformer for service objects shall be provided with a fixed RCD. A single RCD can be 
used for both auxiliary equipment and isolating transformer for service objects. RCD:s 
shall have the lowest possible trip current, in any case not higher than 30 mA. RCD:s 
having a trip current of 10 mA are recommended. The socket outlets shall be connected to 
protective earth. 
 
Each service object shall be supplied from an isolating transformer (230/230 V). The 
transformer shall meet the requirements for protective separation. Socket outlets supplied 
from the transformer shall be of single type and without protective earth terminals. Only 
one service object shall be connected to each transformer. 
 
The socket outlets shall be provided with suitable marking, i.e. “Outlet for auxiliary 
equipment”, “Outlet for isolating transformer”, “Outlet for service objects” respectively. 

Workstati

Protec

“FLOOR” 

“BENCH” 

Moveable 

Socket 

outlet 

Socket 

outlet 

Socket 

tl t f

ESD-
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Example 4B Service objects and auxiliary equipment protected by isolation transformer. 
Socket outlets for Service objects and auxiliary equipment are provided with protective 
earth terminals, via protective resistor, connected to a system for complementary 
equipotential bonding. 
 
 

 
Socket outlets intended for auxiliary equipment shall be supplied from a fixed isolating 
transformer. 
 
For service objects the socket outlets shall be of single type and supplied from individual 
isolating transformers. Only one service object shall be connected to each 
outlet/transformer. 
 
Socket outlets shall have protective earth terminals, via protective resistor, connected to 
the complementary equipotential bonding system. 
 
Note 
The exposed parts (outlets having protective earth terminals) in circuits having protective 
separation shall according to national wiring rules normally not be connected to earth. 
This can however be acceptable in a laboratory environment when there is a need for 
equipotential bonding regarding ESD-protection and the exposed parts are connected to 
earth via a protective resistor. It must be observed that live parts belonging to one circuit 
having protective separation must not be connected another circuit or to earth at any 
point. 
 
The transformer shall meet the requirements for protective separation. 
 

• The socket outlets shall be provided with suitable marking, i.e. “Outlet for 
auxiliary equipment”, “Outlet for service objects” respectively. 

Workstati

ESD-

Protec Protective

“BENCH” 

“FLOOR” 
Socket 

outlet 

Socket 

tl t f
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