Annex A

(informative)

Terminology

A.1 Voltages and currents at the worksite

A.1.1 System voltage

System voltage refers to the bus or phase voltage and is generally specified in kilovolts (kV), phase-to-phase.

A.1.2 Static voltage

Static voltage can be built up on floating metallic objects (steel structures, bus conductors, etc.) due to wind friction, dry conduction, or dust.  Static voltage can also exist on a deenergized section of bus due to the capacitive nature of the bus at de-energization (trapped charge).  Generally, static voltage buildup or trapped charge is less severe than the other worksite voltages that can exist.  Once these static voltages are removed by proper grounding, they do not immediately return.  However, applying the first set of grounds creates a new steady-state problem due to electric field induction.
A.1.3 Electric Field Induction (Capacitive coupled)
Capacitive coupled voltages typically exist on a floating object in an electric field created by an energized circuit as shown in Figure A.1. The floating object can be a de-energized bus, a metallic structure, a transmission line, part of equipment, or a person on an insulated platform.
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Figure A.1 — Capacitive coupled voltage—equivalent circuit

Conductor a is energized – conductor b is floating

When an object in contact with the earth or a grounded object comes into contact with the de-energized conductor, the circuit is as shown in Figure A.2.  Before contact is made with the floating conductor, the voltage on the conductor will be elevated due to the electric field of the energized conductor.  This voltage is a function of the operating voltage of the energized conductor, and the distance between the energized and deenergized conductors.  Once the de-energized conductor is grounded there no longer exists a significant potential difference between the conductor and ground.  However, unlike the case of the floating conductor, there is now a path for charging current to flow.  The resulting charging current is not transient in nature; i.e. the resulting charge can not be discharged, or “bled off.”  It is sinusoidal and continuous.  This charging current is a function of the operating voltage of the energized conductor, the distance between the energized and de-energized conductors, and the length that the conductors are paralleled.  The charging current is independent of all reasonable values of grid resistance, tower footing resistances, and series worker impedance; 1000 Ω or less.  It is believed that most fatalities and injuries attributed to induction are the result of a worker inadvertently becoming in series with this charging current.  The worker can do nothing to reduce the charging current associated with the installing the first set of TPGs, or removing the last set of TPGs at a given location.  The charging current can only be avoided.

[image: image2.emf]
Figure A.2—Case of contact with de-energized conductor
A.1.4 Magnetic Field Induction 

Induced voltage due to magnetic field induction is similar to the action that occurs in a transformer. Whenever current flows in the primary winding of a transformer, a voltage is induced in the secondary winding.  The same phenomenon occurs when an energized conductor (primary winding) carrying current is adjacent to a de-energized (switched out) conductor (secondary winding). In this case, the transformer has an air core instead of an iron core.  A voltage is developed longitudinally across the de-energized conductor (see Figure A.3), similar to the secondary winding of a transformer. 
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Figure A.3—Induced voltage due to magnetic field
Adding a second set of grounds to a de-energized conductor creates a path for magnetically induced currents to flow.  This current, induced by the magnetic field of the current flowing in the energized line, is s function of the current flowing in the energized conductor, he distance between the energized and de-energized conductors, and the impedance of the loop (including bus, TPGs, buried grounding conductors, and possibly the worker in series).  The values of these currents can be significant and result in drawing large arcs upon the removal of the TPGs.  In some cases the induced currents might require the use of a device rated to interrupt such currents instead of the manual removal of the TPG. 
A.1.5 Fault Currents

Under normal circumstances only rated load current is present at an energized worksite. During deenergized maintenance operations, with TPGs in place, available fault currents shall be considered.  This fault current will be substantially larger than the steady-state current. In addition, the current asymmetry and its duration should be considered. The asymmetry is a function of the reactance divided by the resistance (X/R ratio) of the circuit. The result is a non-periodic, exponentially decaying dc component combined with the ac symmetrical component, as illustrated in Figure A.4 (top graph). The peak current value can be increased to almost twice the symmetrical peak value. The asymmetry causes an increase in electromechanical forces, and

in the heating of the protective equipment components. The bottom graph of Figure A.4 shows the typical current waveform from an oscillograph.
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Figure A.4—Asymmetrical fault current components (example)
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A.2 Safety criteria

A.2.1 Safe body currents

Humans are highly sensitive to electrical current, primarily because their body nervous system is

electrically stimulated. The magnitude of current that a body can tolerate depends on frequency,

duration, and physical condition of the body. It is the consensus of researchers, however, that

generally for frequencies above 25 Hz and for a duration of a few seconds, the threshold of perception is 1 mA. A current of 9 to 25 mA makes it difficult for a person to release their grip from a power circuit, and at 30 mA muscular contractions can make breathing difficult. At higher currents, a person’s heart can cease to function (ventricular fibrillation). See IEEE Std 80TM-2000 [B3] for more information concerning body currents.

As previously stated, the magnitude of current a body can tolerate depends to a great extent on

the duration of the shock. Researchers have concluded that 99.5% of all persons could

withstand, without ventricular fibrillation, currents with a magnitude determined by Equation (1)

or Equation (2):
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where

IB is the rms magnitude of body current (A),

ts is the duration of current exposure (s).

Generally, Equation (1) is used for a more conservative approach. However, one may use Equation (2) provided that the average population weight can be expected to be at least 70 kg (155 lb).

Equation (1) and Equation (2) also indicate that much higher body currents can be allowed where fast operating protective devices can be relied on to limit fault durations.

A.2.2 Shock hazards

A.2.2.1 Touch voltage

The potential difference between the ground potential rise (GPR) and the surface potential at the point where a person is standing, while at the same time having a hand in contact with a grounded structure.  See Figure A.5.

A.2.2.2 Step voltage

The difference in surface potential experienced by a person bridging a distance of 1 m with the feet without contacting any grounded object.  See Figure A.5.

A.2.2.3 Transferred voltage

A special case of touch voltage where a voltage is transferred into or out of the substation from or to a remote point external to the substation site.  See Figure A.5.

A.2.2.4 Mesh voltage

The maximum touch voltage within a mesh of a ground grid.

A.2.2.5 Metal-to-metal touch voltage

The difference in potential between metallic objects or structures within the substation site that might be bridged by direct hand-to-hand or hand-to-feet contact.
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Figure A.5—Basic shock situations
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