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Abstract – Medium voltage motor control centers, designed 
around the requirements of UL 347[1], have been successfully 
utilized in the petrochemical industries for many decades.  As 
they continue to provide consistent control of large medium 
voltage assets, they have also become key components within 
the intelligent control requirements of today’s complex 
petrochemical facilities. Through the incorporation of proven 
technologies employed in other safety-based products used 
globally, these control products can be moved beyond their 
traditional safety requirements specified by the current product 
design and testing standards. This paper will cover the 
implementation and utilization of these proven technologies that 
can provide additional levels of personnel safety within these 
traditional designs. 

Index Terms — NFPA-70E, Earthing, Grounding, Earthing 
Switch, Temporary Grounding, Safety, Medium Voltage, Motor 
control centers, Controllers

I. INTRODUCTION

The United States (USA) Department of Labor Occupational 
Safety and Health Administration’s (OSHA) standard for The 
Control of Hazardous Energy (Lockout/Tagout), Title 29 Code of 
Federal Regulations (CFR) Part 1910.147 [2], addresses the 
procedures and practices that are defined as necessary for 
preventing the release of hazardous energy while employees are 
performing any type of servicing and maintenance activities on 
electrical equipment.  In addition, OSHA 29 CFR 1910.333 [3] 
defines the requirements for the protection of employees working 
on electric circuits and equipment. These sections require 
workers to use safe work practices, including lockout and tagging 
procedures, to prevent the release of hazardous energies. In 
addition to providing guidance on controlling hazardous energies 
including electrical, as well as mechanical, hydraulic, pneumatic, 
chemical, thermal, and other energy sources, these standards 
summarize the procedures and measures required when 
employees are exposed to electrical hazards while working on, 
near, or with conductors or systems that use electric energy.  

In Canada, similar requirements exist through individual 
provincial Occupational Health and Safety Acts (OHSA), 
controlled by each province

In conjunction with the guidance and legal requirements of 
both 29 CFR 1910.147 and 29 CFR 1910.333, the National Fire 
Protection Association’s Standard for Electrical Safety in the 
Workplace, NFPA-70E [4] was authored to provide additional 

guidance and directions related to electrical safety-related work 
practices, safety-related maintenance requirements, and other 
administrative controls for employees working around electrical 
energy. These additional details are necessary for the practical 
safeguarding of employees, relative to the hazards associated 
with electrical energy, during normal day to day activities such as 
the installing, removing, inspecting, operating, maintaining, and 
demolishing of electric equipment, electric conductors, signaling 
and communications conductors and equipment, and electrical 
raceways. Compliance with these lockout/ tagout standards has 
been reported to have prevented an estimated 120 fatalities and 
50,000 injuries each year in the USA alone [5]. 

These standards provide each employer the flexibility to 
develop an energy control program that is best suited to the 
needs of their specific workplaces and the types of machines and 
equipment being maintained or serviced. The methods of 
applying an appropriate lockout/tagout vary widely, but in all 
cases, they require adequate time to safely and appropriately 
employ them. 

Saving time and costs are always paramount on the mind of 
employers. Effectively employing the required safety practices 
do require a suitable amount of planning time, implementation 
time and equipment downtime. There are always pressures to 
reduce these times while still providing an equal or better level of 
safety. The total downtime associated with the steps, in creating 
a safe work environment, can be significant. Even a few minutes 
reduction of time in these areas could return significant overall 
process throughput improvements and thus a reduction in overall 
plant operating cost and improvements in product sales.

Outlined is a proven method of providing a quick and simple 
approach for creating a safe work environment in a medium 
voltage motor controller (MV MCC). This proven methodology 
safeguards against the accidental energization within the work 
environment.

II. LOCKOUT/TAGOUT RELATED TO MEDIUM 
VOLTAGE MOTOR CONTROLLERS

A. Establishing a Safe Work Environment

NFPA-70E provides excellent direction on the process for 
establishing and verifying an electrically safe work condition. 
Every employer has the legal requirement to establish, 
document, and implement a suitable lockout-tagout program to 
safeguard workers from exposure to electrical hazards. Article 
120, of NFPA-70E, also defines the employer and the 
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employee’s responsibilities and involvement. It also includes the 
principles surrounding all appropriate lockout and tagout 
procedures, the devices used as a part of those procedures and 
methods to control hazardous electrical energy.    Section 120.5 
specifically outlines the requirement of establishing and verifying 
an electrically safe work condition. Outlined below are some of 
the steps to be performed in the order presented, if they are 
feasible.

1. Check applicable up-to-date drawings, diagrams, and 
identification tags. Determine all possible sources of 
electrical supply to the specific equipment. (Refer to Fig. 
1 which provides a simple single line diagram of a typical 
medium voltage motor controller.)

2. After properly interrupting the load current, open the 
disconnecting device(s) for each source.

3. Wherever possible, visually verify that all blades of the 
disconnecting devices are fully open or that drawout-type 
circuit breakers are withdrawn to the fully disconnected 
position.

4. Release stored electrical energy.
5. Release or block stored mechanical energy.
6. Apply lockout/tagout devices in accordance with a 

documented and established procedure. 
7. Use an adequately rated portable test instrument to test 

each phase conductor or circuit part to verify it is de-
energized. Test each phase conductor or circuit part both 
phase-to-phase and phase-to-ground. Before and after 
each test, determine that the test instrument is operating 
satisfactorily through verification on any known voltage 
source.

8. Where the possibility of induced voltages or stored 
electrical energy exists, ground the phase conductors or 
circuit parts before touching them. Where it could be 
reasonably anticipated that the conductors or circuit parts 
being de-energized could contact other exposed 
energized conductors or circuit parts, apply temporary 
protective grounding equipment.

In reference to point 8 above, there are various medium 
voltage applications, within petroleum and chemical facilities, 
where energy can be produced either intentionally or 
unintentionally.
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Fig. 1 Typical MV MCC Single Line

Temporary protective grounding equipment must be placed in 
such a location and manner to prevent any employee from being 
exposed to these hazards. The location, sizing, and application 
of any temporary protective grounding equipment must be 
included and identified in the employer’s job planning. As well, 
the temporary protective grounding equipment must be sized 
and possess a low enough impedance for the maximum fault 
current that could flow at that point of grounding for the time 
necessary to clear the fault with other protective devices. 

The application of any temporary grounding equipment must 
also be done in accordance with these guidelines, (site specific 
guidelines may also apply):

a) In relationship to their placement in the circuit, temporary 
protective grounding equipment must be placed at such 
locations and arranged in such a manner as to prevent 
each employee from being exposed to a shock hazard (i.e., 
hazardous differences in electrical potential). The location, 
sizing, and application of temporary protective grounding 
equipment shall be identified as part of the employer’s job 
planning.

b) Temporary protective grounding equipment must have the 
ability and capabilities to conduct the maximum fault 
current that could flow at the point of grounding for the time 
necessary to clear the fault.

c) Temporary ground cables must not be used when in a 
coiled position.  If the cables should become energized, 
and are used while coiled up, the electromagnetic forces 
created can violently uncoil the cable creating a very 
hazardous condition. The cables must be used lying flat.

d) Temporary protective grounding equipment and 
connections must have an impedance low enough to 
cause immediate operation of protective devices in case of 
unintentional energizing of the electric conductors or circuit 
parts.

B. Identifying Unprotected Areas

A lockout/tagout procedure must be developed on the basis of 
the existing and new electrical equipment and systems utilized 
within any given facility. They must include the fundaments for 
the control of energy, electrical circuit interlocks, various control 
devices as well as accurate identification of all equipment and 
sources of energy. The NFPA-70E provides excellent 
background and details on all of the steps required to implement 
an appropriate lockout/tagout scheme. 

A key aspect of any lockout/tagout scheme is to ensure that 
energies from all locations are addressed. In most cases, 
medium voltage motor control centers provide a means of 
isolating the connected load from the controller’s main source of 
energy- typically a common main power bus extending the length 
of the MV MCC lineup. 

In the case of medium voltage controller use, there are some 
applications where it may not be possible to lockout or block the 
rotating load or the load may not necessarily be a rotating prime 
mover. These loads could induce lethal voltage levels into the 
medium voltage controller even if it has been disconnected from 
its primary source of energy.

However, special efforts are needed to ensure that energy flow 
from the connected load do not pose any hazards. Users of these 
systems have come up with unique, but potentially dangerous, 
methods of preventing reverse energy flow into the MV MCC.
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C. Methods employed to protect from reverse energy flow

Typical medium voltage motor controllers are made up of a 
load isolation device – this can be a non-load break isolation 
switch or a load break switch, main power fuses, a switching 
device - usually a vacuum contactor and a set of primary current 
transformers or some other current sensing technology. 

In reference to Fig. 1, you can notice that grounding of the load 
could be accomplished by closing the main contactor, in a test 
mode configuration, when the isolation device is open and in its 
grounded position. This method could be effective to drain any 
parasitic or capacitive voltage/charge on the load cables, but it 
would be insufficient for a proper low impedance ground 
reference as defined by the standards, such as NFPA-70E. Also, 
since there are power fuses in this portion of the circuit, a true 
zero impedance path cannot be achieved using this method. If 
the contactor was closed into a current fault condition larger than 
the power fuse’s capabilities, the fuses would clear and 
effectively disconnect the ground reference. This is the rational 
why additional temporary grounds are typically applied into this 
point in this type of circuit configuration.   

D. Applications Where New Hazard Must Be Considered with 
Medium Voltage Controller Applications

A wide variety of, what would be understood as non-traditional 
loads, are now being applied in medium voltage controllers.  
These include permanent magnet machines, photovoltaic and 
wind energy systems and islanded micro-grid solutions.  With the 
application of permanent magnet machine and some of these 
other sources of electrical energy, extra care has to be taken with 
these types of applications. 

Both induction and permanent magnet machines can generate 
a back electromotive force (emf) waveform. In the case of an 
induction machine, the back-emf waveform decays quickly as the 
residual rotor field slowly decays because of the lack of a stator 
field. However, with a permanent magnet machine, the rotor 
generates its own magnetic field provided by the permanent 
magnets. Therefore, hazardous voltage can be induced in the 
stator windings whenever the rotor is in motion. This back-emf 
voltage will rise linearly with speed.

Any significant rotational energy applied to the permanent 
magnet machine will induce potentially lethal levels of voltage at 
the load terminal connections within the medium voltage 
controller, (Fig. 2). 

 
Fig. 2 Typical Load Cable Connection Points in an MCC

Some users of MV MCCs have included permanently installed 
grounding terminals (balls) used in conjunction with temporary 
grounding cable assemblies.

III. THE RISKS OF USING TEMPORARY 
PROTECTIVE GROUNDS IN MV MCCs

Many petroleum and chemical facilities have started the use of 
temporary protective grounding assemblies (TPGA) to ground or 
earth the load sides of their MV MCC, while performing any type 
of maintenance in the medium voltage portions of the controller. 

The OSHA standard 1910.269(n)[6] as well as NFPA-70E 
outlines that temporary protective grounding equipment must be 
capable of conducting the maximum fault current that could flow 
at the point of grounding, for the time necessary to clear the fault.

It must be noted that all of the applicable standards, associated 
with the definition and use of temporary grounding assemblies, 
focus around their use on transmission and distribution lines and 
not their use in the confined spaces allotted in a motor control 
centers.

TABLE I 
TEMPORARY PROTECTIVE 

GROUND CABLE ASSEMBLY RATINGS*†

Copper
Cable Size 

(AWG)

Withstand Rating
15 cycles 
(250ms)

Withstand Rating
30 Cycles
(500 ms)

#2 14,000A 10,000A

1/0 21,000A 15,000A

2/0 27,000A 20,000A

4/0 43,000A 30,000A

*- derating factors do apply
†-extracted from Table 1 - Protective Ground Cable, Ferrule, Clamp, 

and Assembly Ratings for Symmetrical Current, [8]

When using temporary grounding jumper assemblies, the 
cables are used as a set of three grounding conductor leads, tied 
to a common grounding conductor. In these assemblies, it is 
essential that the following requirements are followed:

1. All cables are to be of equal length
2. The cables are to be of equal cross�sectional area
3. The cables are to be from the same material, stranding 

type and strand count.
4. The connecting parts will be the same for all connection 

locations, i.e., clamps/rigging and grounding ball 
components shall be employed

5. The cables shall be installed next to each other.
6. If the cables are restrained, the overall rating is reduced 

by 10% to account for unequal current sharing
7. If the cables are not restrained, the overall rating is 

reduced by 20%
8. The grounding jumper assembly must be retested after 

performing any maintenance, in order to ensure its 
integrity.

A. Applying Temporary Protective Grounds in Medium Voltage 
Controllers

When applied at the load side of the medium voltage 
contactor, the short circuit requirements for the grounding 
assembly are generally low for induction motor loads, in 
relationship to the system short circuit levels and the load 
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characteristics of the temporary grounding assemblies. When 
the contactor is open, the only voltage applied at the load cables 
is the induced voltage from the motor spinning down and any 
capacitive charge that may still remain in the cables. There is little 
current since the induction motor would be spinning down and 
well below a speed where any significant current would be 
generated. In some very special configurations and applications, 
an MV MCC may be used to feed another bus, be the control for 
a capacitor bank or act as a tie device between different bus 
configurations. In these cases, the current levels could be higher 
than that seen when they are used for typical motor or 
transformer loads. Thus, the higher current capabilities of the 
protective grounding method may need to be sized to support 
these special applications.

In many cases, it is general practice to utilize the same 
temporary grounding assemblies that are also used for sub-
station or utility work on site. These temporary grounding 
assemblies are generally rated for high fault currents due to their 
location of application. They are usually large and bulky 
assemblies that are difficult to install in the tight spaces typically 
allotted in the power cell area of a typical MV MCC. Fig. 3 
illustrates the typical location that temporary grounding 
assemblies are placed. But, some users also apply them in other 
areas of the controller based on the vendor’s controller design.
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Fig. 3 Typical Location for the Application of Temporary 
Grounding Jumper Assemblies in a Medium Voltage Controller

B. Sizing of Temporary Protective Grounds in MV MCC

American National Standards Institute (ANSI) C2�2017 [7], 
National Electric Safety Code – outlines that the grounding 
device shall be of such size as to carry the induced current and 
anticipated fault current that could flow at the point of grounding 
for the time necessary to clear the line. 

Temporary grounding cable assemblies, designed for high 
fault levels, can pose a significant challenge for proper 
application within the MV MCC, Fig. 4. As well, these assemblies 
do pose a significant mechanical hazard if they pass a fault 
current through them, and they are not properly secured.  Any 
loose portions of the cable assembly will be violently pitched 

around in opposition to the short-circuit electromagnetic forces of 
any adjacent phase. If any clamp head is not attached securely, 
it can pose a serious projectile hazard, as well.

ASTM International, (formerly known as American Society for 
Testing and Materials), standard ASTM F 855 [8] recognizes 
temporary ground cables as an assembly that includes various 
styles of clamps, ferrules, conductive cable. This standard 
provides standardized mechanical properties, material sizes and 
material strengths for the cable assemblies. Also provided in this 
standard is the maximum short-time current ratings of all 
components within a given assembly. 

Fig. 4 Typical MV MCC Power Cell with Grounding Balls 
Attached Strategically

C. Temporary Protective Grounds Assemblies

A temporary grounding jumper assembly, or a protective 
grounding jumper assembly like the components shown in Fig. 
5, consist of a grounding cable with connectors and various 
styles of ground clamps attached. These are to be installed 
temporarily on de-energized electric power circuits for the 
purpose of potential equalization and to conduct a short circuit 
current to ground test for a specified duration (time) to validate 
protection settings. 

Fig. 5 Typical Temporary Grounding Jumper Assembly and 
Grounding Balls
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The typical grounding jumper assembly requires the use of a 
long handled, non-conductive, clampstick to close the clamps 
tightly over each grounding ball or cable- see Fig. 6 which 
illustrates a lineman using a clampstick. These where primarily 
designed for use on overhead lines but have been adapted for 
use in various parts of the electrical distribution systems.

Fig. 6 Lineman Applying a Temporary Grounding Jumper 
Assembly to a Power Line

Because of their size, they can be difficult to use within the 
confined spaces allowed in most MV MCC power cells. In some 
cases, the use of the clampstick is not possible because of the 
location of the terminal points in relationship to how the long 
clampstick has to be used to apply the jumper cables.

This introduces several areas of risk based on how these are 
being used for this application. In some cases, the temporary 
grounding jumpers do not match the size of the clamping points 
(typically balls – see Fig. 7 for an
example).

        
Fig. 7 Typical Grounding Ball and Ball Cover used in a 

Medium Voltage Controller

Using a temporary jumper cable assembly that is not matched 
to the permanently attached grounding balls will result in a 
catastrophic event if high current does flow through the cable 

assembly. Also, sometimes cable assemblies with the wrong 
size or style of clamps are used to attach to the permanently 
attached grounding balls. This too can result in clamping that is 
not firm and secure which then possess a large risk to personnel 
in the area if high current were to flow through the assembly and 
a clamp were to dislodge or fail.

As well, from the standpoint of the permanently attached 
grounding balls, there attachment point must be able to support 
not only the size and weight of the jumper assembly but also the 
electro-mechanical forces which could occur under fault current 
levels.

D. Maintaining Temporary Protective Grounds in MV MCC

Grounding jumper assemblies can be damaged by rough 
handling, long term usage, weathering, corrosion, or a 
combination thereof. Close manual and visual inspection are 
required to detect mechanical damage.

Grounding jumper assemblies must therefore be routinely 
tested to ensure their integrity by using a micro-ohm test method. 
This testing must provide an objective means of determining if a 
grounding jumper assembly will meet their minimum electrical 
specifications. 

Each responsible entity has a duty to determine the required 
safety margin for any workers during electrical fault conditions. 
Guidelines for use in the determination of the use of grounding 
jumper assemblies can be found in such standards as IEEE 
Standard 80 [9] and IEEE Standard 1048 [10], and IEEE 
Standard 1246 [11].

The testing of these grounding jumper assemblies must be 
performed at a time interval established by the user to ensure 
that the grounding jumper assemblies are not defective and can 
withstand a fault load at their full rating. If they are found to be 
defective or abused, they must be removed from service 
immediately. The ASTM F2249-18 [12] standard provides details 
regarding the in-service testing requirements for temporary 
grounding jumper assemblies.

IV. PERMANENT PROTECTIVE GROUNDING

A. Functional Requirements and Characteristics

Permanent protective grounding devices, also referred to as 
grounding switches, earth devices or earthing switches have 
been incorporated into IEC switchgear and controlgear for 
decades. There are some petroleum and chemical users who 
have now started to request the incorporation of this feature in 
their specifications originally based only on North American 
standards. 

Because theses styles of grounding devices were primarily 
invented and designed in the European regions, their design, 
ratings and testing standards are formulated around these IEC 
based regional areas. As such, their ratings are based on the 
traditional current and voltage classes outlined in these IEC 
standards. 

Earthing type switches are type tested and rated to the 
specifics within IEC 62271-1[13]. This standard provides 
standard rating requirements while IEC 62271-102 [14] provides 
the details on the testing methods and specific requirements for 
medium voltage earthing switches. The earthing switch includes 
nameplates providing the equipment model, a serial number and 
any other additional pertinent rating information. A nameplate 
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must show the equipment model or type along with the tested 
ratings of the switch. Fig. 8 illustrates a typical ratings nameplate.

Fig. 8 Typical Earthing Switch Rating Nameplate

B. Earthing Switch Ratings

The maximum operating voltage (RMS), that the device can 
continuously withstand during normal operation, is also defined 
in these standards and is referenced in Table II.  The 7.2kV and 
17.5kV rated units makes them very suitable for use within UL 
347 / CSA C22.2 No. 253[15] based MV MCCs where the 
maximum operating voltage is defined up to 15kV. However, the 
7.2kV class MV MCCs are the most common presently applied. 

Designed and tested primarily for use on 50Hz and 60Hz 
systems, they can also be applied at other application 
frequencies as well. The most important sizing aspects of the 
earthing device’s ratings are outlined in the sections that follow.

The most important values are generally the rated short-time 
withstand and the rated short-circuit currents. As seen in Table 
II, these values are generally very high levels of fault current 
which are greater than those provided by temporary grounding 
jumper assemblies.

C. Earthing Switch Short-time Withstand Current Rating

The rated short-time withstand current is the maximum RMS 
symmetrical fault current the device can withstand, for a short 
time period, without risk of damage. This rating must be higher 
than the prospective RMS fault current at the point of installation.

D. Earthing Switch Short Circuit Duration Rating

The rated short-circuit duration is the time the device can 
endure its rated short-time withstand current without damage. 
This value must be greater than the total expected clearing time 
of a fault at the point of its installation. Standard values are 
generally 0.5, 1, 2, 3 or 4 seconds.

 
E. Earthing Switch Short Circuit Rating

The rated short-circuit current is the maximum RMS 
symmetrical fault current the device can withstand, for a short 
time period, without risk of damage. This rating must be greater 
than the maximum expected load current, at the point of 
installation. In the case of E2 type MV MCCs, current will 
generally only be sourced from the connected load, i.e. motor or 
transformer. 

F. Earthing Switch Peak Withstand Current Rating

The rated peak withstand current is the maximum peak fault 
current level which the device is able to close (make) on. This 

rating must be greater than the expected peak let-through fault 
current at the point of installation. 

 Also, the IEC standards provide the opportunity to include a 
continuous current rating, typically 630, 800, 1000, 1250, 1600, 
2000, 2500, 3150, 4000 amperes can be used. However, most 
grounding applications typically do not require a continuous 
current rating.

G. Earthing Switch Mechanical Endurance Rating

Because these are mechanical devices, these switches are 
also defined by their mechanical endurance. The IEC 62271-
101[16] standard defines three mechanical endurance classes 
for these types of devices. 

1) M0- standard electrical endurance, provides 1,000 
operating cycles without maintenance,

2) M1- extended electrical endurance, provides 2,000 
operating cycles without maintenance and

3) M2- which provides the highest electrical endurance of 
10,000 operating cycles without maintenance.

These devices provide a permanently affixed method of 
providing grounding or earthing to various parts of electrical 
control and distribution equipment. IEC standard 62271-102 
applies to alternating current disconnects and earthing switches, 
designed for indoor and outdoor installations for nominal 
voltages above 1000 V and for service frequencies up to and 
including 60 Hz. This same standard also applies to the operating 
devices of these disconnects and earthing switches and their 
auxiliary equipment. Additional requirements for disconnects and 
earthing switches in enclosed switchgear and controlgear are 
given in IEC 62271-200 [17], IEC 62271-201 [18] and IEC 62271-
203 [19].

V. INCLUSION OF PERMANENT PROTECTIVE 
GROUND SWITCHES (EARTHING SWITCH) IN 

MV MCCS

North American switchgear and motor control design 
standards have not yet adopted these safety devices for 
inclusion. The most common design standards for MV MCC, for 
North America including Mexico and Canada, are UL 347 and 
CSA C22.2 No. 253. The most recent version of both of these 
standards, version 6 for UL 347 and the 2016 version of C22.2 
No. 253, do include a sub-heading titled, 3.4.104 “Earthing 
Switch: [Vacant]”. 

Fig. 9 Typical 7.2kV Rated Earthing Switch
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This section was introduced in the 5th edition of the UL347 
standard, and those contents were mimicked in the CSA 
standard. Neither presently contain any useful technical content 
regarding the use of earthing switch devices.  The adoption of 
this type of enhanced safety device should be included and 
incorporated in the UL 347 standard at least for the introduction 
of providing a better solution for the temporary grounding of the 
load side conductors on the MV MCC. 

Fig. 10 Typical Integral Earthing Device in MV MCC

The adoption and use of these types of switching devices, at 
different system voltages, is not a difficult proposal. The most 
important characteristic is their current switching abilities. Table 
II outlines the characteristics of a typical earthing switch which 
could be applied for this use.  Use at various voltage classes 
requires verification of contact spacing based on those 
characteristics outlined in UL 347 and C22.2 No. 253. Fig. 9 
illustrates a type of permanent earthing device that could be 
easily integrated into medium voltage controllers designed to UL 
347.

Mechanical and electrical interlocking can be applied to ensure 
that the earthing switch cannot be permitted to operate when 
power is being applied through the vacuum contactor. Fig. 10 
and 11 illustrates a typical MV MCC power cell with vacuum 
contactor and an integral earthing device.

Fig. 11 Typical Integral Earthing Device Perspective View

TABLE II 
TYPICAL PERMANENT PROTECTIVE 

GROUNDING SWITCH RATINGS

Specifications

Typical Voltage Classes Available (kV)
3.6, 7.2, 12, 17.5, 24 
and 36

Rated short-time withstand current 31,500A

Rated short-circuit duration 4 sec.

Rated short-circuit current 80,000A

Rated peak withstand current 80,000A

Endurance Class M1

Typical operations before servicing 2000

Indoor medium voltage grounding or earthing switches use 
heavy duty resin or ceramic insulators, on which the live contact 
elements of the switch are mounted. All three grounding blades 
are directly connected to a steel drive shaft, as well as a common 
grounding shaft. The grounding shaft is permanently attached, 
via two flexible ground cables, to a fixed a secure enclosure 
ground.

The three contact elements are dimensioned according to the 
current requirements of the switch. Together with quick make, 
high contact pressure blades, the lowest ohmic resistance at the 
contact block surfaces is achieved. The blade pressures are 
optimized to provide a minimum metal wear, during the life of the 
grounding switch, while achieving the necessary robustness to 
withstand thermal and mechanical stresses under short-circuit 
conditions.

The application location, for the permanent grounding device, 
is shown in Fig. 12. It effectively grounds the load cable at their 
point of entry into the medium voltage controller. 

The earthing process can be accomplished without opening 
any of the controller doors. A special tool is required to operate 
the earthing device. The earthing process is not mechanically 
permitted unless the main contactor and the isolation device are 
in the open position. Also, the main isolation switch and contactor 
are not permitted to be closed if the earthing device is in the 
closed position.
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Fig. 12 MV MCC with Integrated Earthing Switch
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A. Mechanical Drive Systems

Almost all earthing type switches are quick make units utilizing 
a top over principal where stored energy is released at a given 
point in the rotation stroke of the switch. They incorporate one or 
more mechanical springs which are used to apply the closing 
force, once the rotational release point of the springs has been 
reached. This spring operating method makes the closing 
capacity independent of the operating speed of the drive system. 

Depending on the switch’s orientation within the medium 
voltage controller, manual operated earthing switches include 
the use of a bevel gear wheel set used for direct drive of the main 
operating shaft of the switch.  A typical heavy duty drive gear 
assembly is shown below in Fig. 13.

Fig. 13 Bevel Gear Assembly

These gears are positively driven using a solid drive line, 
extending to the front portion of the controller. This keyed drive 
line and bevel gear assembly converts rotational movement, 
from the front of the controller to the earthing device mounted 
parallel to the front of the controller.

A keyed operating handle is inserted into the drive line to 
create the rotational forces from the front of the controller. A 
typical operating handle is shown below in Fig. 14. 

Fig. 14 Typical Operating Handle

Alternatively, some switches are available with electric drive 
systems permitting the use of an internal electric drive motor to 
operate the switch.

B. Interlocking

In the medium voltage controller, mechanical interlocks 
prevent the switch from closing if the contactor is closed and/or 
if the isolation device is closed. 

Also, generally available are electro-mechanical interlocking 
devices which can mechanically lock the operating mechanism 
so that it is only allowed to rotate when the coil on this 
mechanism is energized.

C. Position Indicators 

In Annex A of IEC 62271-102 are suggested design 
requirements for the earthing switch position-indicating devices. 
While accepting mechanical indicators are a reliable method of 
position indication, the preferred methods is to also provide a 
visible isolating distance. With the incorporation of a viewing 
window in the power cell door, the physical position of the blades 
position can be made visible from the front of the controller. A 
indication light system can also be utilized, using the positively 
driven auxiliary switches from the switch can also be made 
available. 

D. Auxiliary Switches

Most switches can be fitted with various configurations of 
positively driven integral auxiliary position indicting switches to 
provide indication of the switches. These switches provide 
relative switch position related to its grounded or un-grounded 
position. These switches can then be utilized in the control circuit 
of the medium voltage controller to indicate switch position and 
as a backup to the mechanical interlocking preventing the switch 
from being closed if the medium voltage contact and isolation 
device are not opened.

E. Maintenance

Earthing switches, generally speaking, do not need regular 
maintenance during normal controller service. The typical 
earthing switch, recommended for this type of application, can 
withstand up to 2000 mechanical non-load (high current) 
operations and two operations under its full short current ratings. 
Under normal operating conditions, a small, reasonable amount 
of switching burning around the blade edge or contact tips is 
normal and will not affect the capacity of the earthing switches. 
A contact lubricant may be applied by the manufacturer during 
the manufacturer of the switch. Generally, this lubricant does not 
normally need to be removed, replace, or renewed over the life 
of the switch. 

VI. CONCLUSIONS

The safety procedures and components outlined in various 
safety standards and guides, such as NFPA-70E, have improved 
the safe work practices when working in and around electrical 
equipment. Some of the practices and tools, still being 
incorporated, also need to be updated, improved, and modified 
just like the trends with personal protective equipment (PPE). 

The next phase of safety can include improvements around 
applying grounding to load cables in medium voltage controllers. 
The application of permanently attached protective grounding 
switches, within these controllers, can add an increased level of 
safety when working around these types of controllers. Their 
inclusion will reduce the risks associated with maintenance and 
testing requirements of this type of equipment. Permanently 
attached grounding devices also reduce the risks associated with 
poorly applied or selected temporary ground cable assemblies 
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and will remove the time and frustration of effectively applying 
temporary grounding in the limited spaces allotted at the load 
side of medium voltage controllers. 

Comparing the ratings of the temporary grounding jumper 
assemblies (Table I) and the ratings of the permanent protective 
grounding switch (Table II), you can see that the capabilities of 
the permanent installed protective grounding switch far exceed 
the ratings of the temporary grounding jumper assembly with the 
even their largest conductor size. 

With the use of these safety switches, a reduction in the 
number of steps and the overall time needed to effectively create 
a safe workspace, free from the risk of hazardous medium 
voltage energy sources, can easily be achieved. The cost of 
inclusion of this type of switch can easily be justified with only a 
very small number of uses. The time savings associated with 
their use will provide for great process throughput and ultimately 
better return on the process assets. The permanently installed 
earthing switches provide a much higher margin of safety for 
personnel working in and around medium voltage motor controls.
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