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Abstract – Conductive suits are widely used in the industry for 
live work on transmission lines. This paper covers the use of 
special conductive suits for AC induction protection on de-
energized lines. During de-energized work in the vicinity of live 
conductors, inductive and capacitive coupling may result in 
dangerous voltages and currents. Several accidents show that 
de-energized work has a high risk level. The main reason is 
that de-energized parts are supposed to be grounded but line 
workers often do not have the proper knowledge and safety 
gear to assess and to protect against sources of induced 
voltages and currents. 
A US electric utility in co-operation with the High Voltage 
Laboratory of the Budapest University of Technology and 
Economics developed an  “AC induction suit”; a special 
conductive suit designed to protect line workers against 
induced voltage and current while working on de-energized 
systems in the vicinity of energized lines. 
The range of induced voltage and current was analyzed based 
on preliminary calculations, and field measurements. The 
design of the special protective suit was based on these 
physical values. Several laboratory tests were performed to 
validate the results and to inspect prototypes at extreme 
voltages and currents. 
The aim of the developers is to increase the overall level of 
safety during vicinity work in transmission corridors with high 
AC induction and to greatly reduce accidents. Requirements 
for induction suits and test methods to prove protective 
capabilities will be standardized in the future. Based on the 
positive results of the prototype tests, a new product was 
introduced in the US market. The suits are currently being 
tested by the electric utility to gather experience, develop field 
procedures, and to effectively reduce the risk level, treating 
safety always as first priority. 

 
Index Terms — AC induction, electric field induction, magnetic 
field induction, induced current, induced voltage, equipotential, 
EPZ, transmission line, line workers, linemen, line safety, 
conductive clothing, conductive suit, electric shock, body 
current, personal protective equipment, temporary protective 
grounding, TPG, IEEE 1067, IEC 60895, ASTM WK 70226, 
OSHA, flame resistant clothing. 

 
I.  INTRODUCTION 

 
Live work on high voltage equipment with the barehand or 

the hot-stick methods has a good safety record. It has a 
dedicated technology, equipment, and regulations. On the 
other hand, work on de-energized circuits with AC induction 
has been an issue for electric utilities due to a large quantity of 
accidents and fatalities. Inductive and capacitive coupling 
along with training deficiencies and human error are the 
culprits of electric shock events on linemen. AC induction 
seems to be a complex phenomena that line crews often miss 
to identify. 

While studying the root causes of fatal accidents in 
transmission lines, the most common injuries are electric 
shock and thermal burns. Other environmental thermal 
hazards such as bush fires may also occur as a result of 
sparks due to electric arcs caused by AC induction. 

Line crews get injured when they contact conductors that 
are grounded and other line hardware that are live due to AC 
induction. They assume work is being conducted equipotential 

when it is not. With proper work methods adjusted to AC 
induction and use of special personal protective equipment 
(PPE), the number of these fatalities could be decreased 
significantly, even eliminated. 

The theory of protection against AC induction is based on 
the design of a special conductive suit. The “equipotential 
concept” of the suit was developed and tested in laboratory in 
order to increase safety while working in AC induction 
applications. 

While the adjacent line operating voltage is large enough or 
the load current flowing in the phase conductors is above a 
given limit, inductive and capacitive coupling may endanger 
not only the working personnel that is in direct contact with the 
phase conductors, but other crew members who are  handling 
ropes, approaching downed conductors, or who are 
manipulating shield wires. 

There are several studies regarding accidents in linemen, 
however, few studies differentiate which events are due to 
AC induction or not. The US Bureau of Labor Statistics 
(BLS) [1] reported 131 fatal injuries for electrical power-line 
installers and repairers between 2011 and 2015 (26.2/year 
average). This data accounts for workers in the generation, 
transmission, and distribution electric utility industry. Nearly 
one half of the injuries are attributed to electrocutions. 

A search conducted by the authors on the BLS database 
between 1985 and 2018 found 47 AC induction accidents with 
34 fatalities (one fatality per year average). Others [2], have 
reported 28 accidents with 24 fatalities between 1984 and 
2020. The authors believe that the quantity of fatal injuries are 
even higher. This is because database searches are 
cumbersome; sometimes AC induction accidents and fatalities 
are reported as other injuries such as thermal burns in the 
reports. Also, there has been no medical study on long term 
effects after exposure to AC induction. Some AC induction 
incidents may appear mild at the beginning but may become 
serious or lethal with time after the event. There are no studies 
connecting AC induction exposures to delayed electric shock 
symptoms. 

Reduction of accidents may be addressed by investing in 
three areas: a. addressing AC induction protection in work 
procedures, b. by customized training, and c. by investing in 
PPE. The best approach is to work in all three areas. This 
paper focuses on the PPE application for AC induction 
protection with a novel suit solution.  

The topic of AC induction awareness should be addressed 
in the day-to-day operations and hopefully should become part 
of the safety culture of any company. Some linemen in the field 
may believe that people get used to getting shocked during 
stringing operations, replacing jumpers, etc.  

There are a lot of events that pass unnoticed as the 
induction current was low enough such that a minor shock 
occurred that didn’t cause a stop work condition and was not 
reported. It turns out that the magnitude of AC induced 
currents and voltages vary during the time of the day due to 
system loading. Sometimes, workers get minor electric shocks 
because the time of contact didn’t coincide with the time of 
maximum exposure. These events shouldn’t pass unnoticed 
as for a severe injury or fatality to happen, a rule of thumb 
states that for every fatality, there are 300 recorded injuries, 
and 30,000 near misses. Others state that for electrical safety 
applications, the ratio is one fatality for every 10 recordable 
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injuries. Each AC induction injury shall be analyzed closely as 
it may unravel a large operational issue that requires attention. 

Since the the first design of an AC induction protection suit 
was developed, there has been some movement in industry 
standard organizations to incorporate the philosophy. ASTM 
International has task group WK 70226 which is developing a 
performance specification for conductive clothing which will 
incorporate AC induction protection as a Category 2 garment. 
IEEE 1067 [3] has a task group which is incorporating the in-
service use, care, maintenance, and field testing of 
AC induction clothing. IEEE ESMO has plans to develop a 
paper on AC induction suits and their incorporation under 
standard IEEE 1048 [4] for temporary protective grounding of 
power lines. IEC 60895 [5] was recently released under 2020, 
so AC induction clothing may be incorporated not until the next 
revision cycle. Several IEC country members are interested. 

 
NOMENCLATURE 

 
Ib Body current (A). 
Iind Total AC induction current (A), (50/60 Hz). 
Is Suit through-current  (A). 
Rb Body resistance (W). 
te Time of exposure (s). 
 
I. AC INDUCTION AS A SAFETY HAZARD 

 
The performance criteria of AC induction suits are 

determined by the ability of the line worker to survive direct 
contact and the conductive flow of electrical current for a long 
duration. The tolerable threshold values are determined 
according to worst-case scenarios. Based on case studies, 
induced current in a passive (de-energized) line circuit can 
reach 30 to 40 A. The threshold value of the body current (Ib) 
should give an opportunity to the line worker to disconnect 
from the electrical circuit.  

Per IEEE 80 [6], a let-go body current (Ib) for a 70 kg person 
is defined per (50/60 Hz, for a 0.03 to 3.0 s exposure): 

 
𝐼! =	

".$%&
'(!

          (1) 
 
For example, a 3 s exposure leads to Ib of 90 mA according 

to (1). An issue with Equation (1) is that it is valid for a 
maximum exposure of 3 s, and AC induction events may last 
longer than that. A more stringent criterion is to establish a 
body current limit determined by the perception threshold of 
6 mA [6], [7]. 

The tolerable body current should not exceed the let-go 
current, which lower limit is 6 mA according to IEEE 80 [6] and 
OSHA [8]. That current value prevents the contraction of hand 
and limb muscles and reduces the probability of entanglement 
with the circuit. The same current limit prevents the worker 
from loosing consciousness due to asphyxia. Lastly, time of 
exposure (te) should assume the possibility of a person 
touching the circuit by accident twice. 

Based on laboratory testing, a suit resistance of 3.7 W or 
below was able to maintain a body current exposure under 
6 mA, for a 1,000 W body resistance and 50 A of AC induction 
exposure. A special characteristic of the PPE is to maintain a 
low contact temperature (conductive heat) during the 
exposure, so it reduces the risk of skin burns and produces a 

reversible epidermal injury Error! Reference source not 
found.. 

Accidental electrical contact on AC induced circuits is known 
to last several seconds because the circuits are passive 
circuits and the induction source which is the adjacent circuit 
cannot be disconnected, it is always present. The line with AC 
induction is already disconnected and with open circuit 
breakers and its protection scheme cannot trip the adjacent 
line(s). The exposure time to the AC induction current may 
reach up to tens of seconds, thus, for suit design it is 
reasonable to set the time of exposure (te) to 30 seconds.  

In the European Union, an EU Parliament Directive applies 
to electric hazard protection. The directive is based on the 
study of the International Commission on Non-Ionizing 
Radiation Protection (ICNIRP) and the World Health 
Organization (WHO) [10]. Exposure limits are summarized in 
Table I [10], [11], [12], [13]. IEEE C95.1 [11] recommended 
values for exposure are also included in Table I. 

 
TABLE I 

LIMITS FOR ELECTRIC AND MAGNETIC FIELDS  (50/60 HZ) 
Type of Limits 

Exposure Electric Field 
Strength - E 

(kV/m) 

Magnetic Flux 
Density - B 

(µT) 
Public – ICNIRP 5 200 

Occupational – ICNIRP 10 1,000 
Public – IEEE C95.1 5 904 

Occupational – IEEE C95.1 20 2,710 
 

In AC induction scenarios, a line crew may be working on a 
double circuit tower with one circuit energized and one circuit 
de-energized. The crew may work on the de-energized part 
but due to proximity to the other live circuit, the line crew may 
be exposed to high electric and magnetic fields. AC induction 
suits should offer a high screening efficiency (high dampening) 
of the electric field strength, within the range shown on 
Table II. 

 
II. PHILOSOPHY OF CONDUCTIVE CLOTHING 

 
While performing live work with the bare-hand method, 

conductive clothing acts as a Faraday cage and shields 
extra-low frequency electric fields theoretically to zero inside 
the clothing (enclosed metal structure). However, in practice, 
ideal performance cannot be reached and efficiency shall be 
above 99% (40 dB, 800 kV AC maximum) per IEC 60895 [5]. 

In barehand applications, conductive clothing has a design 
criterion for “current-carrying capacity”. Capacitive currents 
flow through the clothing during the transition of the lineman to 
the final work position (from the tower structure or from an 
aerial device) and at the moment of the connection to the live 
conductor. Per IEC 60895 [5], conductive clothing shall be able 
to conduct a current of 1.0 A for 15 minutes without any 
damage. This current magnitude limit is insufficient to 
accommodate AC induction applications. 

The concept of an AC induction suit is different. The induced 
current (Iind) follows in two paths, the conductive suit (Is) (outer 
shell), and the person’s body (Ib) (inner part, see Figure 1): 

 
𝐼)*+,-.+ =	 𝐼)*+ =	 𝐼/,)( + 𝐼!0+1          (2) 
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The main purpose of the AC inductive suit is to act as a 
shunt and conduct much higher currents through the 
conductive fabric and components, and to remain intact for a 
specified time depending on the magnitude of the current 
(Figure 1). Due to the AC current “skin effect” and the 
Gaussian effect of limiting electric charge flow inside of a 
concentric metallic envelop, the efficiency of the shunt effect 
improves, and the body of the person “sees” less current than 
the resulting body current if comparing to a calculation using a 
simple shunt current division rule. 

 

 
Figure 1 Philosophy of AC induction suit for current division 
 
During conduction of AC induced currents between 30 to 

100 A, the maximum body current may reach 6 mA, which is 
the critical value. Based on the corrected current divider 
principle (1), the efficiency of protection against induced 
currents shall be above 99.9998% (Figure 1). The rate of 
current flowing in the human body versus the inductive suit 
must remain below 2 x 10-5 %. This requires extremely good 
conductive capabilities of the materials of the suit (e.g. 
conductive fabric, bonding straps, ports). 

In AC induction suit design, it is important to define 
configurations for recording the electric current flow during 
laboratory testing. Hand-to-hand, hand-to-foot, and foot-to-foot 
conductive paths are the most crucial. Testing shall record 
body current during such exposure configurations and make 
sure it does not exceed 6 mA of body current. 

Another important suit parameter is flame resistance. It 
prevents ignition during disconnection of a person from a 
circuit with AC induced current (Figure 2). Survivability greatly 
depends on the ability of the garment to extinguish the flame 
and not to continue to burn. 

Disconnection from the circuit may result in an electric arc. 
Arc resistance is a good feature of AC induction suits. 
However, due to the low ampacity of the induction current, 
thermoelectric heating of the fabric during conduction of the 
metal (overheating) is a greater hazard than exposure to arc 
radiated heat.  

For example, using ArcPro software [14], an electric arc of 
200 A in open air, single-phase, for an air gap of 6” at 18” 
working distance, during 30 cycles (0.5 s), at 10 kV, may 
produce 0.05 cal/cm2 radiated heat at the torso of the person. 
200 A was used as the software does not allow to compute a 
smaller current. However, the same arc current, may heat up 
the conductive fabric. For that reason, laboratory testing is 

required in order to minimize burn injuries. ASTM C1055 [9] 
may be used to determine burn prediction of human skin with 
contact with a hot surface (e.g., conductive fabric). 

Some suit components such as conductive gloves require a 
special design. Figure 2 shows field tests that were performed 
for conductive glove design in order to control arc heating. The 
tests were conducted in a 345 kV circuit with AC induced 
currents in Colorado. The circuit was known to produce high 
induced current in the order of 30 to 40 A. Conductive gloves 
were designed to sustain such events. 

In addition, during laboratory testing, currents of 50 A with 
time of exposure (te) of 30 s were injected into suits and a 
minimum curable burn area in the body of the test manikin was 
recorded (< 2 in2 at the glove area). Other standards in the 
industry, such as GOST 12.4.283 [15] used in railway 
applications, rate conductive clothing for use in maintenance 
operations to protect workers from induced current due to 
travelling railroad carts. The standard uses 30 A for one 
minute. The philosophy certainly accommodates railroad 
applications but it doesn’t apply to transmission line 
applications. A new philosophy had to be created based on 
electric utility research. There is a precedent of using low 
resistance conductive clothing in Europe for de-energized 
work (vicinity work) for electric shock protection. However, the 
practice has not been standardized, and end users need to 
review suit current limitations and match it to their system 
characteristics. The authors conducted tests on traditional 
barehand suit designs. Some good designs sustained up to 
30 A for 30 s. However, other conductive suits ignited at 5 A. 
The suit design covered under this paper, encompasses a 
large set of ac induction applications for linemen. 

Based on laboratory testing, it was determined that not all 
conductive clothing can protect against AC induction hazards. 
However, conductive clothing specially designed for AC 
induction applications can. 

Until now, the approach for conducting work on de-
energized circuits has been for the worker to isolate, to 
insulate, or to be equipotential. Recommended practices for 
temporary protective grounding (TPG) are covered under 
standards IEEE 1048 [4] and IEEE 1246 [16]. AC induction 
suits are a new concept which falls into a sub-category of 
equipotential work; like applying a bonding jumper across a 
person but with a 360-degree thermal protection coverage. 

 

 
 

Figure 2 Field tests of arcing of conductive gloves on a 
345 kV line with induced current  

(glove attached to end of temporary ground) 



 

 5  

 
The best approach with AC induction applications is to work 

the circuit with live work techniques (e.g. barehand, hot-
sticking). However, if the decision is to work the circuit de-
energized, caution is advised. The difficulty with the first 
approach is the limited availability and high cost of highly 
trained workforce. The advantage of live work techniques is 
the reduction of human error and avoidance of workers 
misinterpreting AC induction. Under the latter approach, when 
work is conducted with the circuit de-energized with temporary 
grounds, special training is required for personnel to maintain 
an equipotential work zone. Failure to do so may cause an 
injury. 

 
III. FIELD CASE ANALYSIS 

 
The following scenarios represent real events that turned 

into accidents. The cases demonstrate how conductive 
clothing may have prevented injuries.  

Case 1 is an event in which a lineman was positioned on an 
elevated insulated bucket on the top of a 345 kV wood pole 
(H-frame) in Colorado. The worker sustained electric shock 
hand-to-hand when disconnecting the jumper between a guy 
wire and the metallic shield bar that is connected to the shield 
wires. The line worker became in series with the electric 
current that flows between shield wires and ground. The 
configuration is like the one represented in Figure 3c. 

Case 2 involves a line crew working in a configuration similar 
to Figure 3a. The de-energized conductor had temporary 
grounds in a remote location, but the location was too far from 
the work zone and the crew member who contacted the phase 
conductor closed a large AC induction loop. The crew didn’t 
provide an equipotential zone in the local tower worked upon 
and the worker who contacted the phase conductor was 
electrocuted. 

In Case 2, the worker had hand-to-feet contact as the bucket 
truck had an uninsulated boom. The worker closed the 
AC induction loop circuit between the ground at the remote 
location and the work zone. If the person had worn conductive 
clothing, it had diverged the induced current across a path 
consisting of glove-jacket-pants-sock (or conductive boot).  

According to the above-mentioned field cases, the 
development of a new application of conductive clothing is 
justified. Considering current flow path, workers wearing 
conductive clothing could have additional life saving protection 
that covers human error regardless of the selected platform 
and method. Workers wearing special designed conductive 
clothing have very low body current exposure and they should 
be able to disconnect from the electrical circuit with induced 
current. 

It is safe to assume that the duration of the exposure can 
reach tens of seconds considering that electric shock due to 
induced current appears on the passive circuit and remains 
until the line crews disconnect by themselves. Therefore, the 
optimal duration of the AC induction protection is around 30 s.    

 
IV. FIELD IMPLEMENTATION 

 
Problems arise when linemen suffer electric shock because 

they assume that they are in a configuration where they 
believe not to be in “series” with the circuit [17], [18], [19], [20]. 
An example when a person closes the circuit of a line with a 

set of grounds placed on one end is illustrated under 
Figure 3a. If the line crew installs grounds at each end of the 
line and place a temporary ground mid-line, then two AC 
induction loops are created (Figure 3b). Figure 3c illustrates 
the case when a worker between two grounds on a line 
decides to open a jumper which connects a guy wire and a 
shield conductor mid-span. 

 

 
Figure 3 Examples of worker in series with an  

AC induction loop 
 
Failure to recognize the equipotentiality of the work zone 

may result in electric shock and possibly a fatality. If 
AC induction suits were used, they become additional 
protection that saves the person from electric shock injury. 
During electric contact, conductive clothing keeps the body 
current low so no muscle contraction happens, and the person 
can let-go the circuit and not suffer from asphyxia or lose 
consciousness. 

The best approach to implement AC induction suits in the 
field is to instruct the line crews to follow traditional TPG 
company practices [4], [16]. If the crews would like an 
additional level of protection, they may use the special suits in 
cases where AC induction may be present. Examples are 
double circuit lines, transmission corridors with several lines, 
lines that have remote portions of the line that run in parallel 
with another live circuit, and under-build distribution lines. 

When introducing the concept of use of conductive clothing 
during de-energized work to field personnel, it may be 
advantageous to start with crews that are familiar with live 
work. Crews which perform barehand and also de-energized 
work are very familiar with conductive clothing. Hot-sticking 
crews know the importance of their live tools and the suits can 
be presented to them as another “live tool” option. 

Programs should avoid requiring the use of conductive 
clothing when the linemen don’t need it. This situation may 
cause resistance from the crews to use PPE properly and may 
start bad habits. Conductive clothing may be presented as an 
option and give them the opportunity to decide applicability. 

Conductive clothing, used as additional protection, prevents 
electric shock in the event of human error during operations. 
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Many accidents from the BLS data [1] are due to the lack of 
training, improper application of temporary grounds, 
inadequate identification and setting of equipotential zones, 
and distraction. 

It is important to add topics and procedures in the employee 
training curriculum that covers AC induction scenarios. Also, 
including training about the operation, care and maintenance 
of the conductive suit is paramount.  

Conductive clothing may also protect if the temporary 
grounding hardware has defects, or if the tools fail in service. 
There is an event in BLS [1] where a temporary ground clamp 
loosened during work, and the lineman was electrocuted. 

The line departments may choose a special suit color code, 
logos or other methods to identify and differentiate the 
conductive clothing used for AC induction protection. 

During de-energized line applications, linemen may soil 
gloves often and cause excessive mechanical damage on 
them. It is recommended to keep spare gloves available in the 
field so if a glove doesn’t pass visual inspection, then it can be 
replaced. Leather gloves may be used on top of conductive 
gloves for increased mechanical protection. Wood structures 
also may present cut and puncture hazards during climbing, 
cutting of wood, and disassembly of wood structures. 

Visual inspection field guides including photos showing 
critical component damage of the suits are useful to line crews. 

Approving suit designs that can be laundered easily with 
home-grade washing machine and soap is important. 
Construction sites are remote, and crews rarely have access 
to industrial laundering. An acceptable practice is cold cycle 
washing, and air drying with no fabric softeners or bleach.  

It is a good practice to issue sufficient quantity of garments 
to line workers. A minimum of two suits per employee is 
recommended so suits may be replaced in the field in case a 
unit is damaged or if it doesn’t pass the visual inspection. 
Linemen work in remote areas and suits need to be readily 
available. 

Use of flame-resistant clothing is permissible over or under 
the conductive clothing. Do not allow fabrics or materials that 
may ignite, melt, or drip under a heat source (e.g., polyester). 

AC induction circuits may be monitored with ammeters and 
voltmeters for alarming purposes. However, workers should 
never assume that absence of induced voltage and current is 
an indicative that this condition will be maintained during work. 
There are system operating points and environmental factors 
that may cause AC induction to increase, decrease, appear or 
disappear. 

AC induction suits are effective if all their components are 
used correctly. Suit equipotentiality may be limited if the 
person doesn’t wear gloves, or if bonding connections are not 
established or are missing. Workers should ensure that the 
procedures include a description of how the suit should be 
donned and be correctly connected altogether. A “buddy 
check” system is recommended. 

If there is indication that the magnitude of AC induced 
current and voltage at the site may be high while working with 
equipotential TPG techniques, consider changing the circuit 
configuration, or switching the work technique to live hot-stick 
or bare-hand. A circuit configuration modification may involve 
changing the locations where TPG are applied, like opening 
circuits (e.g. jumpers) and reducing AC induction loops, etc. 

Periodic testing of AC induction suits is strongly 
recommended. The in-service tests consist of electrical 

continuity measurements of the garment components and 
bonding. The continuity tests shall be conducted at least once 
a year in the shop. They may also be applied in the field in 
order to troubleshoot issues found during the visual inspection 
prior to use. The recorded values of resistance should be 
compared against baseline values (original manufacturer 
report when suits were purchased) and with maximum 
permissible values as recommended by the manufacturer. The 
continuity should be measured with a calibrated multimeter. 
Three measurements of 10 s minimum each are 
recommended per configuration. The results should be 
averaged and recorded in a log with the suit serial number.   

The following continuity measurements are recommended 
for in-service tests: 

 
a. Left cuff to right cuff – jacket, 
b. Hood to right cuff – jacket, 
c. Left cuff to right ankle, and right cuff to left ankle –

jacket/pants assembly, 
d. Glove alone, 
e. Sock alone, 
f. Left hand to right hand – jacket bonded to gloves, 
g. Left glove to right sock, and right glove to left sock 

– suit bonded to gloves and socks, 
h. Left sock to right sock – socks bonded to pants. 

 
During visual inspection, the following signs of critical 

damage may require removing the suit from service and 
inspecting it further in the shop or laboratory: 

 
a. Holes, tears, open seams, 
b. Excessive abrasion, 
c. Missing bonding (e.g. jacket straps), 
d. Damaged ports (e.g. glove snaps), 
e. Excessive contamination (e.g. hydraulic fluid, oil), 
f. Signs of past arcing, tracking, charring, 
g. Missing components (e.g. socks). 

 
AC induction suits, when maintained properly, may sustain 

several injection events of induced current of low magnitude, 
or a single event of large induced current. For example, the 
suit developed by the authors didn’t show permanent damage 
after 15 consecutive energizations of 5 A for 30 s each in the 
laboratory, indicating that the suits may be reused. Similarly, 
energizations of large induced current, between 30-50 A for 
30 s, demonstrated that the suits performed well, and they 
showed some signs of aging and increase in resistance that 
can be detected during the inspection so the suits may be 
retired. 

Field measurements may be conducted by electric utilities 
to estimate AC induced voltage and current. Table II shows 
examples of field measurements.  

One example is the measurement of induction on a 345 kV 
circuit during a time of the day with maximum line loading 
(Table II). Right of way has three 345 kV circuits. 
Measurements were conducted on one phase conductor only. 
As the table shows, electric field coupling with the line totally 
disconnected (both ends open) exhibits 18 kV induced voltage 
(5% of nominal line voltage). When one end is grounded, the 
voltage drops to 31 V, and a capacitive  current of 3.3 A 
appears (enough to injure a person). When the other end is 
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grounded at 1,800 ft, the current increases about ten times to 
37.7 A due to magnetic field coupling. 

 
TABLE II 

MEASURED INDUCED CURRENT AND VOLTAGE IN THE FIELD 
System 
Voltage 

 
AC Induction 

(kV) Line Configuration Induced 
Current 

(A) 

Induced 
Voltage 

(V) 
345 Both ends open - 18,019 
345 One end grounded 3.3 – Ph A 31 
345 Both ends grounded a 37.7 – Ph A - 
115 One end grounded-

Day 1 
0.212 – Ph A 
0.083 – Ph B 
0.044 – Ph C 

- 
- 
- 

115 Both ends grounded – 
Day 1 b 

19.9 – Ph A 
11.1 – Ph B 
8.0 – Ph C 

- 
- 
- 

115 Both ends grounded – 
Day 2 b 

10.3 – Ph C - 
 

a Temporary grounds were placed 1,800 ft away. 
b Temporary grounds were placed 5 miles away. 

 
Another example in Table II is a 115 kV line that runs parallel 

with other 345 kV and 230 kV circuits. On the Day 1 of testing, 
the line was grounded at one end substation, it exhibited an 
electrically field induced current between 44 mA and 212 mA. 
Current is different in each phase (A, B, C) due to different 
tower configurations. When the 115 kV line was grounded at 
both ends at the substations, about 5 miles apart, the 
magnetically induced current increased 100 times to values 
between 8 A and 19.9 A (varies per phase). On Day 2 of 
testing, phase C was measured with both line ends grounded 
and the magnetically induced current was 10.3 A. That is an 
increase of +28% compared to the current measured on Day 
1 on the same phase. 

An AC induction suit rated 50 A for 30 s should be sufficient 
to accommodate the induced currents measured per Table II. 
It is worth mentioning that induced currents may be different 
per phase conductor so it is recommended to measure all 
three phases. Values of current between phases (high vs low) 
changed 4.8 times and 2.4 times for the 115 kV test for Day 1 
and Day 2 respectivelly. If only one phase is measured there 
may be a possibility that it is the phase conductor with the least 
current of all three phases. 

Repeating induced current measurements is beneficial as it 
gives a better indication on maximums per day or an overall 
maximum. Measured values may be compared against 
calculations if available. Finally, no field procedure should rely 
on crews estimating induction current, but the overall suit 
rating shall be selected based on engineering estimation and 
field measurement of the power system. 

It is recommended that the end user conducts suit 
certification tests in the shop once a year in which the suits are 
tested for resistance measurements and make sure that the 
values are under the manufacturer recommended threshold. 
These tests differ from the field test as they are more stringent. 
The measurements are conducted with a higher test current 
(> 200 mA) for extended duration of 1.0 min, and the test is 
repeated three times or more and then averaged. 

 
 
 

V. TESTING, CARE, AND MAINTENANCE 
 
Conductive clothing shall be visually inspected prior to first 

use, and then inspected periodically. There is no exact 
definition for an useful life of the product. The lifespan of a 
given clothing is determined by its performance based on 
periodical test results. It is also crucial to assess the effect of 
washing and contamination in detail. Suits shall be rated for 50 
launderings. Depending on operations, a crew may perform up 
to 10-15 launderings per year (e.g., 3-4 month seasonal work 
per year) for light work applications. Use may be higher than 
that. 

Examples of environmental contamination are: salty water 
(e.g., sweat, roadway winterization, salt spray), lubrication 
grease (common use in wood pole T-line structure hardware), 
dirt, mud with high corrosivity rate, and hydraulic fluid (e.g., 
conductive fluid, non-conductive fluid).  

Degradation caused by contamination sources can be 
handled by the proper way of (mostly visual) inspection on-site, 
by properly prescribed transport and care and by setting up a 
thorough set of laboratory tests for acceptance and periodical 
tests. 

  

 
 

Figure 4 Design and Production Testing of AC induction Suit 
in Laboratory (source: BME) 

 
There are three categories of testing of AC induction suits: 

a. design tests, b. production tests, and c. in-service (periodic) 
tests. Some design tests are destructive. 

Design tests (a) determine the AC induction current 
withstand. During the test, an AC generator is used to inject 
current through the conductive clothing. The test 
configurations include hand-to-hand, hand-to-foot, and foot-to-
foot exposure (Figure 4). A conductive mannequin is used 
during the tests, and its limbs are insulated from each other 
and they are bonded accorcing to the configuration. A 1.0 kΩ 
resistance represents the body resistance (Rb) and it is placed 
in series with the investigated body parts. During the test, the 
total injected current was set to 50 A. The body current (Ib) was 
measured across Rb and monitored during a 30 s time interval. 
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The body current should not exceed 6 mA during the 
measurement. Also, hot spots of the conductive clothing 
should not cause a 2nd degree burn (thermal indicators are 
used). The test sample shall not melt or ignite during the test, 
and the current flowing through the arrangement cannot be 
interrupted. Clothing indicators, thermographic cameras, and 
thermal stickers may be used to monitor the heat distribution 
of the specimen.   

The same test configurations of design tests are conducted 
for production tests (b) band for periodical tests (c). However, 
the current injection interval is reduced to 0.1 s in order to avoid 
long-term damage of the fabric. During production and 
periodical testing, a DC current is applied.  

 
VI. FUTURE WORK 

 
Contamination may have an effect on the performance of 

conductive suits (e.g. barehand) and AC induction suits. 
Further studies are underway to measure suit parameters for 
the most common types of contamination in laboratory and to 
standardize them as design tests. 

The development of future suit online monitoring systems 
for induced current may prove of value during operations. 

The evaluation of mechanical performance of AC induction 
suits in transmission lines with wooden structures may 
improve worker safety. North America has a high penetration 
of wooden transmission structures. 

Inclusion of the suit concept in industry standards such as 
IEEE 1067 [3], IEC 60895 [5] and the finalization of ASTM 
WK 70226 may increase field use, and evolution of the suit 
designs. 

 
II.  CONCLUSIONS 

 
AC inductive suits were developed to guarantee the proper 

protection against AC induction-related hazards such as shock 
protection, clothing ignition, and thermoelectric burns. The 
suits act as a “shunt’’ that diverges the AC induced current 
away from the body of the worker into the conductive suit path. 

Several laboratory measurements were performed to form a 
basis for standardization after developing the concept, and 
setting up the operational limits of AC induction suits. 

Based on field measurements and estimation, an AC 
induction suit with a rating of 50 A at 30 s time of exposure, for 
a body current of 6 mA maximum was recommended for 
optimum protection level, for the electric utility under study. 

Inductive suits are a new type of PPE that handles and 
eliminate real hazards related to AC induction when used as 
additional protection. Workers shall follow TPG procedures 
when wearing the suits in transmission corridors as primary 
protetcion. 

Suits should be subject to standardization through industry 
bodies such as ASTM, IEC, and IEEE. This kind of PPE seems 
to be a promising protective gear for everyday work on de-
energized near live circuits. 

The paper analyzed two real cases in which fatalities could 
have been averted by using AC induction suits. 
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