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Safety Corner
by Tony Demaria, Tony Demaria Electric

Figure 1 — MV starter showing nonload break  
isolation switch on top.

Safety and Medium-Voltage Starters

Most long time readers of NETA World know that each issue 
has a theme. Some recent themes have been UPS Systems 
(Winter 2008) and Substation Automation Using IEC 61850 

(Fall 2009).
Those of you who skipped the cover and went straight to this article 

might not be aware that this issue’s theme is Medium-Voltage Starters. 
Safety and technical issues are very closely related. Space allocated for this 
article makes it important to concentrate on issues specific to medium-
voltage (MV) motor starters and forego general safety topics such as 
lock-out/tag-out, permitting, and job hazard analysis

First a little background of what a MV starter is (Figure 1), what it 
is meant to do, and how it does it. As the term implies, a motor starter 
starts and stops a motor. How a starter accomplishes this can be quite 
simple, such as an across the line or full voltage starter. There are a variety 
of reduced-voltage starters such as autotransformer, step start, reactor 
start, soft start, etc., but they will not be discussed here.

When considering an MV starter, there are two basic systems, the 
medium-voltage power circuit and the low-voltage control circuit. 
Keeping these voltages separate and allowing for troubleshooting, main-
tenance, and operations to perform their work can be very complex. If 
work is not performed by highly trained and qualified people following 
manufacturer’s instructions and proper procedures, it can be very unsafe.

One particularly dangerous part of an MV starter is the isolation dis-
connect. The purpose of this device is to disconnect the medium voltage 
from the starter so that the medium- voltage section of the starter can 
be accessed for maintenance, inspection, or repair. MV starters built to 
ANSI standards have both electrical and mechanical interlocks designed 
to prevent opening or closing the isolation disconnect with the contactor 
closed. From a safety point of view, it is desirable to remove voltage from the 
disconnect before operating it. However, depending on the circumstances, there 
may be voltage behind the barricades or shutters. These barricades move when 
operating the switch and are designed to cover the bus stabs (Figure 2). Failure 
of these barricades to properly cover the bus can be very dangerous to anyone 
attempting to work in the cubicle.

There are two types of installations for MV Starters. One involves the starter 
as a stand-alone device and not an integral part of a motor control center (MCC). 
In this case the company’s policy and procedure should be to isolate the upstream 
device feeding the starter. This is the safest way to work in a cubicle

The second type of installation 
involves a starter as part of an MCC. 
Many facilities requiring medium-
voltage MCC’s are large industrials or 
utilities with 24/7 operation. It is not 
common for operations to be able to 
de-energize an entire MCC lineup for 
the pupose of working on one starter. 
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Figure 3 — Shutters open.Figure 2 — Shutters closed.

In a properly designed and maintained MV starter, open-
ing the isolation switch should remove all medium voltage 
from the starter cubicle. Medium voltage is still in close 
proximity behind the shutters and care must be used to 
avoid contact with the energized bus.(Figure 3). Some bar-
ricade designs and materials leave much to be desired as far 
as isolation protection. Additionally, this protection may be 
lessened due to age, contamination, or lack of maintenance.

Here are a few basic safety concepts: 
1. If equipment is not energized, you cannot get shocked 

from it.
2. If it is energized and there is an arc-flash incident, all you 

have to do is be beyond the arc-flash boundary to prevent 
thermal injury (more about the arc-flash boundary later).

3. Use remote switching and racking when there is a pos-
sibility of an arc flash.
Three types of work where personnel are around ener-

gized MV starters are troubleshooting, maintenance, and 
operation. Safety problems can be associated with any one 
of the three. Below are examples of each type of work.

Troubleshooting:
An electrician is dispatched to find out why a MV mo-

tor will not start. After a visual inspection of the motor 
and starter he determines there are no apparent external 
problems.. The next step may be to determine if voltage 
is present. Many electricians are qualified to troubleshoot 
120/240 volt control circuitry, but only a small percentage 
of electricians are qualified to work on medium-voltage 
circuitry. Both voltages need to be present for this motor to 
start. Each requires very different skill levels to determine 
the presence of the proper voltage at the correct location. 
The problem is that both voltages are in very close proximity 
to one another. Common sense, as well as many codes and 
standards, tells us to separate voltage classifications. Good 
design and proper condition of barriers normally keep these 

voltages separated even though they are frequently only 
inches apart. This is a very big problem and has resulted 
in many injuries and fatalities. Here are some solutions for 
this problem:
1. De-energize the medium-voltage circuit prior to working 

on the control circuitry in the cubicle. This might seem 
so obvious that you may question why attention is being 
brought to it. Unfortunately there are still people who 
have not been properly trained or in spite of training, will 
take shortcuts and skip this important step. The manufac-
turers of MV starters have provided interlocks to prevent 
the opening of the cubicle doors while the medium volt-
age is still present. These interlocks must be designed so 
that they can be defeated. If the medium-voltage con-
tacts become welded closed, the medium-voltage door 
cannot be opened unless the interlocks can be defeated. 
Electricians familiar with the interlock system may 
deliberately bypass the normal interlock and open the 
door. Adding to that problem, lack of maintenance or a 
flimsy interlock may cause the interlock to not work. The 
electrician/operator may think the medium voltage has 
been disconnected when it has not. This is the reason a 
qualified electrician wearing the proper PPE and using 
the proper voltage detector must test for the absence of 
the medium voltage before entering a medium-voltage 
cubicle..

2. De-energize the medium-voltage circuit prior to work-
ing on it. Unlike low-voltage circuitry (less than 600V), 
medium-voltage circuitry seldom needs to be energized 
for troubleshooting purposes. The problems encountered 
are usually discovered with a good visual inspection, 
continuity meter (low resistance ohmmeter) and an 
insulation resistance tester.

3. In the very rare case where it may be necessary to directly 
measure the medium voltage, extreme care and a high 
level of competency is required. Using a high-voltage 
meter or proximity meter on hot sticks in metal-clad 
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Figure 4 — Person in Level 2 PPE using remote switching.
(This photo is for demonstration only. The operator must have on 

proper PPE or be beyond the arc-flash boundary..)

equipment can be dangerous. Great care is required and 
things can go wrong. Training, competency, experience, 
and qualified personnel are constantly being emphasized 
in this article and in almost every article regarding safe 
work practices. 

Maintenance
Now it is time to perform routine maintenance on the 

starter. Consider two scenarios. The first involves the starter 
to be de-energized and locked out and tagged out from a 
source outside the starter cubicle. This is the safest situation. 
The second is the nonload break switch on the starter is used 
as the isolation point. This is a greater hazard because of 
the medium voltage behind the barricades. The same basic 
safety rule regarding circuits over 600 volts should be used 
for both scenarios. It should be grounded prior to working 
on it. OSHA 1910.269 for generation, transmission, and 
distribution requires grounding. Most large industrials and 
companies performing this type of work have adopted this 
excellent safe work practice. In the first scenario, applying 
personal protective grounds on the source feeding the starter 
is usually straightforward. In the second scenario, using 
the nonload break switch for isolation, applying grounds 
inside the cubicle on the line side of the starter can be next 
to impossible. 

In this second scenario, how many times and in how 
many ways can it be emphasized that the persons must be 
qualified? NFPA 70E 2009 has an excellent definition of a 
qualified person, “one who has skills and knowledge related to 
the construction and operation of the electrical equipment and 
installations and has received safety training to recognize and 
avoid the hazards involved.” 

In this case the qualified person would know that:
1. It must be verified that the motor is not running prior to 

attempting to open the nonload break isolation switch.
2. Arc-flash PPE must be worn if inside the arc-flash pro-

tection boundary while opening the switch.
3. When opening the door, the appropriate arc-flash PPE 

and voltage-protection PPE must be worn.
4. While still wearing the appropriate voltage and arc-flash 

protective PPE, the de-energized status would be verified 
using an approved and appropriate voltage detector. 

5. The live-dead-live test method for the voltage detector 
should be used.

After verifying the equipment is de-energized, still wear-
ing all the protective PPE, and knowing the construction 
of the particular piece of equipment, look over and around 
the starter. This is to visually verify that the nonload break 
isolation switch has opened all three phases and the bar-
ricade has functioned as required. At this point the decision 
must be made regarding applying grounds for protection. 
Lynn Hamrick has an excellent article regarding hazard/

risk assessment in this issue of NETA World. It is highly 
recommended to use this process to determine the safest 
course of action in difficult situations.

Operating
Use remote switching and racking whenever possible. In 

this section we will discuss the arc-flash protection boundary, 
as mentioned earlier. Many people reading this are familiar 
with NFPA 70E’s arc-flash protection boundary and re-
quired labeling. Unfortunately not all electrical equipment 
has been evaluated for arc-flash hazard and therefore may 
not be labeled. Using tables in NFPA 70E and applying 
the constraints indicated in the notes for these tables may 
provide adequate arc-flash protection. When possible ask 
an engineer competent in calculating arc-flash boundaries 
to perform calculations to determine your exposure at the 
intended working distance

A much debated issue regarding the arc-flash boundary 
is when does it apply? Does it apply with the switchgear 
panels and doors closed, or only when there is exposed, en-
ergized equipment? Should you use the arc-flash boundary 
when you walk by the equipment and are not interacting 
with it, or only when you are operating, maintaining, or 
troubleshooting the equipment? 

Back to remote switching and racking. Some remote 
switching/racking devices can be purchased. A quick inter-
net search will reveal many manufacturers of such devices. 
NETA World has advertisers of this type of equipment 
and you can check with other people in the industry to see 
what they are using.

You can make your own remote operating device using a 
pulley and a rope (Figure 4). The same method works very 
well on load interrupter switches and many other devices. 
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Arc-Flash Incident Case Histories  
on MV Starters

The following are incidents that have been greatly 
simplified for clarification. Each incident happened to an 
electrician that had been working on this type of equip-
ment for years and in some cases, decades. These incidents 
were chosen to remind us that real people, our friends and 
coworkers, suffer terrible consequences for what seemed like 
a simple act when they performed it. 

1. Troubleshooting the control voltage inside the cubicle 
of an energized medium-voltage starter. The electrician 
had decided on his own to check some wiring he had 
installed the day before with the cubicle de-energized. 
He was in a rush, did not inform anyone of what he was 
doing, and bypassed the door interlock to gain access. 
The actions resulted in a fatality.

2. Standing in front of a starter while motor was being 
energized. The electrician had removed his arc-flash 
protection gear after closing the nonload break switch. He 
wanted to view the ammeter on the door to verify inrush 
current. There was a failure inside the cubicle causing an 
arc flash. The door was blown open, and the electrician 
suffered third degree burns.

3. Starting a motor then stopping it when the arc chutes 
had inadvertently been left off of the starter. The mo-
tor started ok. When stopping the motor without the 
arc chutes, an arc flash occurred and the door was blown 
open. An electrician standing approximately seven feet 
away was knocked down and received first degree burns.

4. Opening the non-load break disconnect while there 
was a load on it. The interlock did not work correctly. 
The result was an arc flash which blew the door open 
and knocked the operator back approximately nine feet. 
He was wearing a 40 cal/cm2 suit and was not burned. 

Conclusions
In studying these and other case histories it is obvious 

that the use of the correct voltage detection equipment by 
qualified persons and using remote switching and racking 
would eliminate most injuries.

NETA’s Safety Corner is a section of NETA World devoted to issues 
that those working in the electrical industry face on a daily basis. These 
articles are written by experts in the field, most of whom serve on NETA’s 
Safety Committee.  NETA thanks these individuals for their commit-
ment to safety and for helping to further the education of each reader 
with every issue of NETA World.

Tony Demaria worked for the Los Angeles Depart-
ment of Water and Power in substation maintenance 
prior to starting his own company. He has owned 
and operated Tony Demaria Electric for over 25 
years, specializing in maintenance and testing of 
switchgear and large motors for industrial facili-
ties. Tony Demaria Electric is a NETA Accredited 
Company, and Tony serves as Chair of the NETA 
Safety Committee..


