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Abstract – IEEE 1683 “IEEE Guide for Motor Control Centers 

Rated up to and including 600 V AC or 1000 V DC with 
Recommendations Intended to Help Reduce Electrical Hazards” 
was released in 2014.  The goal of IEEE 1683 is to provide 
guidance on power system design, motor control center 
configurations, and feature selections that can help reduce the 
hazards and risks associated with working in, on, and around 
low-voltage motor control centers.  This paper will discuss some 
of the recommendations provided in IEEE 1683.  It will then 
explore a user experience with IEEE 1683 and will provide 
examples of the considerations involved in making design and 
feature selection decisions. 

 
Index Terms — motor control centers, safety, arc flash, 

reducing electrical hazards.   
 

I.  INTRODUCTION 
 

IEEE 1683 “IEEE Guide for Motor Control Centers Rated up to 
and including 600 V AC or 1000 V DC with Recommendations 
Intended to Help Reduce Electrical Hazards” [1] was released in 
2014.  IEEE 1683 is the first IEEE guide developed to specifically 
address equipment design, selection and installation practices 
with emphasis on methods to reduce exposure to shock and arc 
flash hazards for low voltage motor control centers (LV MCCs). 
The goal of IEEE 1683 is to provide guidance on power system 
design, MCC configurations, and feature selections that can help 
reduce the hazards and risks associated with working in, on, and 
around low-voltage MCCs.  It should be noted, that since IEEE 
1683 is a guide, it would be incorrect to cite IEEE 1683 itself in 
an MCC specification as a standard to be satisfied. The actual 
design and specification decisions that result from using IEEE 
1683 should be incorporated into the MCC specification [2]. 

This paper will discuss the following topics: 
• What an MCC is and why they are so prevalent in 

industry 
• How an MCC is typically operated and some of the 

maintenance and troubleshooting activities that may 
need to be performed on an MCC  

• How the design of the power distribution system can 
affect the safety, performance, and selection criteria of 
an MCC 

• MCC designs, including minimum standard 
requirements, typical features, and optional features to 
improve operational performance and safety 

• Testing performed on MCCs, with an overview and 
possible misconceptions of what is tested as well as 

typical requirements for commissioning and site 
acceptance 

• The communication needed to take place between all 
parties involved in the specification, selection, and 
procurement of MCCs 

• An example user experience using IEEE 1683 along 
with the considerations involved in making design and 
feature selection decisions 

 
II.  WHAT AN MCC IS AND WHY THEY ARE SO 

PREVALENT IN INDUSTRY 
 

MCCs are floor-mounted structures with a common electrical 
power distribution bus that typically contain combination motor 
control units.  One of the main advantages that MCCs hold over 
groups of individually mounted controllers is the use of a single 
incoming power feed.  Replacing multiple feeds with a single feed 
simplifies installation and has a positive impact on installation 
time.  The use of a power distribution system internal to the MCC 
also results in a more compact design.  MCCs typically have a 
footprint smaller than a wall full of individual controllers. 

MCCs are similar to wall mounted starters with the use of 
individual starter assemblies to control individual motor loads.  
However, unlike wall mounted starters, MCCs are modular.  They 
can be scaled as needed and adjusted after installation with 
individual starter units that can be added or removed fairly easily.  
In addition, MCC units have unique features designed to 
withstand faults and prevent propagation to adjacent units.  MCC 
units have the ability to withstand bolted faults at levels ten to 
twenty times those typically experienced by individual wall 
mounted starters. 

The utilization of plug-in designs for most units is another key 
advantage of MCCs.  Plug-in units can quickly be removed and 
replaced without impact to surrounding units in the MCC.  The 
ability to perform a complete motor starter unit replacement in 
minutes is one of the features that maximizes uptime and 
minimizes process disruptions. Larger units may use a fixed 
mounted design.  Users should be aware that the break point 
between plug-in and fixed mount unit designs vary by 
manufacturer and unit type. 

When properly designed, constructed and maintained, MCCs 
are safe and reliable equipment. The major requirements for LV 
MCC safety are dictated by a standard that has been harmonized 
as the national standard in the United States, Canada, and 
Mexico. The standard number is different in each country, but the 
content is identical. UL 845 [3] has been adopted as the United 
States standard. MCCs are manufactured under close quality 



   

controls by many of the same manufacturers who also produce 
wall mounted starters.  It is common to find the same motor 
starters, overloads, and disconnecting devices in both MCCs and 
wall mounted starters from any given manufacturer.   

The concept of grouping controllers in an MCC also facilitates 
the use of integrated command, control and diagnostic 
communication networks.  Many communication platforms are 
available with communication cabling and associated hardware 
often contained and integrated into the MCC’s structure where it 
can be protected behind sheet metal barriers.  Use of a 
networked MCC reduces the need for discrete I/O wiring.  Less 
wire results in lower installation costs, higher reliability and lower 
maintenance costs.  MCCs are often located away from hostile 
elements such as dirt, dust, heat or chemicals associated with 
production environments.  This allows them to house modern 
electronic motor control equipment.  Programmable logic 
controllers (PLCs), variable frequency drives (VFDs), intelligent 
overload relays and other sensitive electronic equipment are 
commonplace in today’s MCC.  MCCs are no longer seen as a 
collection of individual motor controllers.  They are complete 
systems of modern day motor control that can be directly 
integrated into today’s industrial automation needs.  By 
addressing the requirements of the entire system and co-locating 
major components, MCCs minimize installation, configuration, 
maintenance, and diagnostic efforts.  These benefits are further 
enhanced if climate controlled facilities with adequate lighting, 
limited access, and integrated safety features are part of the 
installation. 

As discussed earlier, maintenance is another example where 
MCCs differ from wall mounted controls.  Most of the differences 
favor the MCC design.  However, the act of physically performing 
maintenance on an MCC unit may expose workers to a higher 
level of available fault current than if working on a standalone 
wall mounted starter.  Likewise, the act of removing or installing 
a plug-in unit with the MCC bus energized exposes users to a 
potentially high level of available fault current with a 
corresponding increase in available arc flash incident energy.  It 
is crucial that users understand the risks associated with all 
equipment and take proper precautions. 

 
III.  MCC OPERATION AND SAFETY ISSUES 

 
There are many aspects of MCC operation and user 

interaction that can affect the risk of exposure to the hazards 
associated with MCCs. IEEE 1683 Section 5 describes these 
tasks and provides a reference table to indicate the types of 
hazards that may be present. These tasks can be separated 
broadly into two groups. The first group comprises tasks and 
interactions that can be considered typical or routine, and 
typically carry a lower risk for a properly installed and maintained 
MCC. The second group relates to maintenance and 
troubleshooting tasks and interactions that are typically subject 
to greater risk. These two groups can also be separated by the 
determination of whether or not the task can be performed with 
the MCC doors and covers closed, or whether they need to be 
opened or removed to perform the task. When all of the doors 
and covers of a properly constructed and maintained MCC are 
closed, there is low risk from electrical shock hazards in an 
energized MCC. If an MCC is properly constructed and 
maintained, the enclosure and doors create a low impedance 
path to the equipment grounding system; any conductors that 
might unintentionally come into contact with the enclosure should 

not pose a shock hazard. When doors or covers are opened and 
energized parts and conductors are exposed, there is obviously 
a greater risk than when they are not exposed. The same can be 
said for arc flash hazards. While there are many causes of arc 
flash incidents, many times the cause is human error while 
working on or around exposed, energized parts and conductors 
[4]. If the doors and covers are closed, there is less risk of an arc 
flash incident. However, once doors and covers are opened for 
maintenance or troubleshooting, the risk of causing an arc flash 
incident and exposure to the resulting effects increases greatly.  

Some routine tasks that are typically performed on an 
energized MCC with the MCC doors and covers closed are:  

• Starting or stopping a load using controls mounted on 
the MCC doors 

• Resetting a tripped overload relay or circuit breaker 
• Reading instruments or status lights mounted on 

MCC doors or visible through viewing windows  
• Operating handles to turn disconnect switches or 

circuit breakers on or off 
• Setting parameters or adjusting device 

configurations using MCC door mounted controls 
While arc flash incidents are most likely to occur due to human 

error, some of these routine tasks may also trigger an arc flash 
incident in a misapplied or poorly maintained MCC. For example, 
if an MCC with a UL or NEMA Type 1 enclosure rating (general 
purpose, no requirements for dust tightness) is used in an 
environment that contains airborne contaminants, the 
contaminants may accumulate inside units over time and reduce 
the electrical spacing between energized terminals and/or 
exposed conductors. The subsequent routine action of turning 
the starter on or off may trigger an arc flash incident. Another 
example is repeatedly resetting and closing a circuit breaker after 
it trips, without investigating the cause of the trip or assessing the 
condition of the circuit breaker. This action may cause the circuit 
breaker to fail while trying to open the circuit, and the failure could 
trigger an arc flash. NOTE: this action might be a violation of the 
OSHA rule in 29 CFR 1910.334(b) (2) [5]. 

Examples of tasks that are occasionally performed on an 
energized MCC with the doors or covers open include:  

• Maintaining or replacing components  
• Performing thermal imaging  
• Pulling cable and making cable connections 
• Replacing blown fuses  
• Visual inspections  
• Component diagnostics  
• Voltage testing  
• Removing or installing units  
• Using a clamp-on ammeter around energized 

conductors in energized units  
Whenever possible, activities such as these should be 

performed with the MCC placed into an electrically safe work 
condition. When this is not possible, it is the responsibility of the 
end user to determine the appropriate level of personal protective 
equipment (PPE) to be used and other safety measures to be 
used when performing these types of activities. The risk of an arc 
flash incident is greatly increased when maintenance and 
troubleshooting are performed on an energized MCC. A slip of a 
tool or conductor coming in contact with uninsulated energized 
parts or conductors may be all that is necessary to trigger an arc 
flash. If improper PPE is select, the user may also be subject to 
electrical shock. 



   

IV.  DISTRIBUTION SYSTEM DESIGN 
 

According to NFPA 70E [6], the risk of exposure to the hazards 
associated with working on or around electrical equipment 
should be controlled based on the following hierarchy: 

• Elimination,  
• Substitution,  
• Engineering controls,  
• Awareness,  
• Administrative controls  
• PPE 

The hierarchy is arranged in order of preference; generally 
when an option is higher in the hierarchy, it will have a greater 
effect on reducing risk than a lower ranked option. Elimination of 
electrical hazards for an MCC is not practical since it is not 
possible to have a functional MCC unless it is able to control and 
distribute electrical power. It is important to understand that as 
long as an MCC is energized, as in normal operation and as 
might be required for certain types of troubleshooting, shock and 
arc flash hazards are present. The concept of “safety by design” 
is an example of a method that uses engineering controls to help 
reduce the risks and hazards associated with electrical 
equipment. In addition to safety by design, the selection of MCC 
options and features also represent substitution or engineering 
methods to help reduce the risks and hazards associated with 
electrical equipment. One of IEEE 1683’s primary goals is to 
identify various design considerations that will provide less risk 
for workers when working on the equipment while energized or 
when de-energizing the equipment.  These considerations 
should be addressed before specifying and ordering MCC 
equipment. An important aspect of this “safety by design” 
philosophy that extends beyond the document scope of IEEE 
1683 is the design of the power system which feeds the MCC.  
This section will discuss some of these design considerations for 
the MCC. Key system design considerations which extend 
beyond the scope of MCC design that are not directly addressed 
in the guide, but affect the level of safety related to the MCC, will 
also be discussed. 

 
A. MCC and Upstream Transformer Sizing 

 
The rating of the upstream transformer is a significant factor 

when determining the maximum available fault current and 
resulting MCC bracing requirements.  A 500 kVA, 5.75% 
impedance transformer feeding a 600 A, 480 V MCC has a 
maximum available fault current of ~10.5 kA requiring minimal 
bracing and interrupting capacity of the installed equipment. A 
2000 kVA transformer, with the same impedance, feeding a 2500 
A, 480 V MCC, would increase the available fault current to 42 
kA. Note that motor contribution during a fault could increase the 
available fault current at the MCC bus beyond 42 kA.  This would 
require the MCC to be specified with a higher bus bracing rating.  

As can be seen in IEEE 1683, Section 4.2, current flow through 
distribution equipment can affect fault and incident energy levels 
at the downstream equipment.  Since the transformer rating 
affects the bolted fault current, it also plays a significant role in 
determining the incident energy levels at the line side of an MCC 
main circuit breaker.  Depending on the techniques used to 
protect the equipment, the transformer rating can have a 
significant effect on fault clearing times or incident energy levels. 

In the installation shown in Figure 1, a 500 kVA transformer 
feeding a 600A MCC with a main circuit breaker could 

experience an arcing fault current of 6.2 kA on the line side of the 
main circuit breaker, based on IEEE 1584 calculation methods.  
The upstream over-current protective device (OCPD) clears the 
line side fault in about 30 cycles giving an incident energy level 
of 11 cal/cm2 at an 18 in. working distance (4.5 ft. arc flash 
boundary).  A 2000 kVA transformer feeding a 2500 A MCC 
could experience a fault clearing time increase to 69 cycles with 
an incident energy level increase to 73 cal/cm2 at an 18 in. 
working distance (11.7 ft. arc flash boundary), on the line side of 
the main circuit breaker.  For the example shown, the MCC has 
a main bus arc flash incident energy level of only 0.5 cal/cm2 at 
an 18 in. working distance (1 ft. arc flash boundary), because the 
MCC main circuit breaker trips quickly.  This example shows that 
minimizing the transformer size can help manage the incident 
energy levels at the MCC main OCPD. 
 

Fig. 1 Incident Energy Dependency on Transformer Rating 
  
When techniques such as careful coordination of upstream 

OCPDs, secondary current sensing, or the implementation of 
selectively instantaneous OCPDs are used, arc flash incident 
energy levels due to higher transformer ratings can be 
significantly less than mentioned above.  It should also be noted 
that a transformer with a lower rating could potentially limit 
available fault currents at the MCC bus to a low level. With a 
lower available fault current, sensitivity to actual fault currents 
might be reduced, and, depending on the type of OCPD used, 
the incident energy level for the MCC main bus actually might 
increase, due to increased tripping times. 

Sound engineering judgment should be used to determine a 
reasonable compromise to limiting fault currents while ensuring 
OCPDs are able to minimize fault clearing times for arcing faults 
downstream of the MCC main circuit breaker.  

As noted in IEEE 1683 Section 7.11, the design engineer 
should also consider the fault clearing time requirements for the 
given MCC.  For example, arc-resistant MCCs can have a fault 
clearing time rating of 50 ms. or 100 ms.  If the line side of an 
MCC main circuit breaker is protected by the primary OCPD of a 
transformer, fault clearing times can easily exceed the given 
rating of the MCC. Due to this possibility, one solution would be 



   

to locate the main OCPD in a separate enclosure from the MCC; 
other methods discussed in this paper (e.g. primary OCPD 
tripping with arc flash detection) could also be implemented to 
minimize arc fault durations in the MCC. 

 
B. Use of Neutral Grounding Resistors 

 
Where there are no phase-to-neutral loads in the MCC, the 

use of a high resistance grounding (HRG) resistor may be 
specified on the MCC feeder transformer. The HRG may be 
specified to be either external or internal to the MCC lineup.  
Annex O of NFPA 70E discusses the use of HRG to help reduce 
the likelihood of arc flash incidents. The use of the HRG will 
minimize ground fault currents, typically to 5 A to 10 A, 
significantly reducing the risk of a ground fault resulting in an arc 
flash in the MCC or other downstream equipment.  HRG use will 
generally also improve plant reliability due to the fact typically a 
phase-to-ground fault on one phase can be allowed to persist 
indefinitely without tripping or causing significant damage to the 
MCC or other associated electrical equipment.   

The user should locate and correct a ground fault in a timely 
manner, because a prolonged ground fault adds stress to the 
insulation in the electrical components (with one ground fault 
present on an system with HRG, normal line-to-ground voltage 
rises to the line-to-line voltage). In addition, a second phase-to-
ground fault which occurs on another phase would lead to a 
phase-to-ground-to-phase (i.e. a phase-to-phase fault).  The 
user must also be aware that although the HRG might 
significantly reduce equipment outages and arc flash incidents 
on single phase-to-ground faults, arc flashes can still occur due 
to other types of faults in the system.   The increase in reliability 
and safety for an HRG is also contingent on proper care and 
maintenance of the equipment.  

 
C. MCC Upstream OCPD 

 
A transformer primary OCPD often takes longer to clear a fault 

than a transformer secondary OCPD.   Faults which occur 
upstream of the transformer secondary OCPD could potentially 
produce a high incident energy level.   It is recommended that 
the design engineer include a means of reducing this fault 
clearing time at this location.  This could be done by using current 
transformers (CTs) and a relay on the secondary side of the 
transformer designed to trip the transformer primary OCPD. 

 
D. MCC Main OCPD Location 

 
The location of the main OCPD for an MCC may play a 

significant role in the severity of arc flash hazard present in the 
MCC.  IEEE 1683 Section 4.1 notes that when determining the 
location of the MCC OCPD, it is important to understand that if 
an arc flash occurs on the load side of the main breaker, there is 
a possibility that the arc flash can propagate to the line side.  
Once an arc flash propagates to the line side, the next OCPD 
upstream is relied upon to clear the fault.  If the system is not 
carefully coordinated, the fault clearing-time and the incident 
energy may be increased by waiting for the next upstream OCPD 
to clear the fault. Use of selectively instantaneous circuit 
breakers can help mitigate this issue.   

   
One method to mitigate incident energy due to arc fault 

propagation to the line side of the main OCPD is to completely 

isolate the main OCPD by locating it in a separate enclosure 
upstream from the MCC.  If this mitigation technique is not 
feasible, specifiers should work with MCC manufacturers to 
ensure appropriate barriers are installed between the line and 
load side terminals to minimize the risk of the arcing fault 
propagating.   

It is important to note that the addition of a barrier may not 
completely eliminate the risks of an arc flash originating on the 
line side of the main OCPD in the MCC, thus still requiring the 
user to identify the arc flash incident energy at the main as if the 
fault were on the line side of the main OCPD. 

  
 

Fig. 2 Arc Fault Propagation to Line Side of Main OCPD 
(IEEE 1683, Figure 1) [1] 

 
E. Using Selectively Instantaneous OCPDs 

 
IEEE 1683 section 4.4 discusses how compromising between 

selectivity and arc flash reduction can be avoided by properly 
specifying main and feeder OCPDs.  In order to reduce the arc 
flash incident energy on an MCC, both the feeder and main 
OCPDs should be set so that the fault clearing time is minimized 
as much as possible.  Various manufacturers have developed 
"selectivity analytical techniques, instantaneous algorithms, and 
selectivity tables" for certain lines of circuit breakers that would 
allow for instantaneous settings to be enabled while maintaining 
system selectivity.  This selectivity can be "facilitated if the branch 
circuit devices are current limiting".  It's also important to consider 
that most OCPDs are selected at the beginning of a project 
based on "continuous current settings and fault current 
capability".  Quite often MCCs are long lead items and are 
typically ordered early on in the design process, but OCPD 
settings are coordinated and set for arc flash reduction after the 
order has been placed.  A closer look at the types of OCPDs and 
their selectivity and arc flash reduction capability at the early 
stages of the project may help to optimize any compromises that 
need to be made between the two. [7] 

Selection of OCPDs should also consider the possible arcing 
current ranges at the device.  It is important to ensure that the 
OCPD operates as quickly as possible at the lowest arcing 
current levels.  IEEE 1584 [8] recommends using 85% of the 
calculated arcing current as the lowest value within the range for 
low-voltage applications, but engineering judgment should be 
used in determining if 85% is a sufficiently low value for the given 
installation. As a result, IEEE 1683 section 4.3 recommends that 
“the IEEE 1584 equations should be applied conservatively while 
applying engineering judgment”. 
  



   

F. Zone Selective Interlocking 
 

IEEE 1683 section 4.6.1 states that “Protection of the MCC 
main bus depends on the OCPD providing power to the MCC.”  
Section 4.6.1 also says that zone selective interlocking between 
overcurrent devices in the MCC and the feeder to the MCC is 
one way to limit incident energy at the MCC. The use of zone 
selective interlocking allows for the circuit breakers upstream 
from an MCC to have the instantaneous overcurrent settings 
enabled while maintaining selectivity with larger devices in the 
MCC.  Larger circuit breakers in the MCC can  provide an input 
to the upstream circuit breaker providing information as to 
whether a fault is occurring downstream of the branch circuit or 
feeder breakers in the MCC.  If a fault occurs downstream of an 
MCC branch or feeder, a blocking signal to the upstream main 
shifts the main circuit breaker's instantaneous settings from 
instantaneous to a slower backup protection mode. This allows 
the downstream circuit breaker to clear the fault before the main 
circuit breaker can initiate a trip.  Many electronic trip devices can 
now be ordered with a ZSI input, allowing for such a scheme to 
be relatively easily implemented in a new MCC. ZSI is generally 
not be needed if the circuit breakers in the MCCs are rated 250 
A and below, however it can greatly improve main bus protection 
if circuit breakers in the MCC are rated 400 A or larger. [9] 
 
G. Temporary Protection Settings 

 
Use of temporary protection settings sacrifices system 

reliability in order to minimize arc flash incident energy when 
personnel are performing maintenance on equipment, but 
maintains coordination with a higher incident energy level at all 
other times.  A number of methods can be used to automatically 
or manually adjust overcurrent settings.   

Temporary protection settings may be manually implemented 
using a maintenance switch.  The maintenance switch would 
provide an input to the upstream OCPD and reduce the trip 
settings to instantaneously trip during any overcurrent condition.  
This can lead to reliability concerns when attempting to start large 
motors while in maintenance mode.  IEEE 1683 notes that 
"attention should be paid to indication of system protection 
status", and lists the following important requirements when 
implementing this scheme: 

1. "Employees...should be able to control and ascertain 
the status of that protection at all times" 
a. "The controls should be able to be locked" into the 

enhanced setting mode 
b. Indication that the OCPD is in an enhanced setting 

state should be "visible where the work is being 
performed" 

c. Indication of the enhanced protective state should 
be designed to provide positive indication that the 
settings have changed, not that the switch is in 
maintenance mode 

2. To maintain plant coordination and reliability, it is 
necessary that the temporary protection settings be 
placed back into "normal mode" after maintenance 
activities are completed 
a. Annunciation of the enhanced protective status 

should be designed to alert "operating personnel 
not directly involved in the maintenance activity" so 
they are aware that the given electrical equipment 
is not operating in normal mode 

It is important to note that use of manual temporary protective 
settings is an example of an “administrative procedure" and 
should be a supplement to other “engineering controls.” 
 
H. Arc Flash Detection 

 
Arc flash detection techniques can help instantaneously trip a 

circuit breaker as a reaction to an arc flash event. This can be 
beneficial when selectively instantaneous breakers aren’t 
specified and main circuit breaker instantaneous settings are 
turned off in order to maintain coordination.  

Optical detection devices can monitor the MCC main, units, 
and/or main bus bar.  Once an arc flash has been detected, a trip 
signal can be sent to the main OCPD to immediately trip and 
extinguish the arc.  By using this design technique, the 
instantaneous trip would only occur during an arc flash incident 
and would not affect the coordination of OCPDs in the MCC.  

It is important to note that complexity will be added to the MCC 
when using these types of devices. In addition to the arc 
detection device, sensors (optical, pressure, etc.), CTs, a source 
of control power, and a main circuit breaker with a trip coil or 
shunt trip device would be required. 
 
I. Arc Quenching 

 
When using an arc quenching device, a relay is used to detect 

an arcing fault as mentioned in the Arc Flash Detection section.  
Once the arcing fault is detected, the relay will send an 
instantaneous trip signal to the upstream circuit breaker and also 
to the arc quenching device to activate it. Some devices are 
designed to redirect the arc into a chamber that will contain the 
arc in a controlled manner until the upstream OCPD clears the 
arcing fault. [10] 

For shunt energy-diversion devices (a.k.a. “crowbar” devices), 
the detection relay closing signal will cause the shunt energy-
diversion device to intentionally create a three-phase bolted fault.  
The three-phase bolted fault removes the voltage from the 
location of the arcing fault, resulting in extinction of the arc. In 
addition, the large resultant fault current through the device will 
typically cause the main OCPD to clear the fault more quickly 
than it would from the lower fault current of the arcing fault itself. 
 
J. Motor Protection 

 
The U.S. National Electrical Code (NEC) [11] sets 

requirements for setting motor branch-circuit short-circuit and 
ground-fault protective devices.  However, it only specifies the 
maximum allowable value, and does not identify recommended 
settings. This value can be as high as 1100% of motor full load 
current when using an instantaneous trip breaker on a Design B 
energy-efficient motor. (NFPA 70 – NEC Table 430.52) It is up 
the engineering judgment to determine the implemented 
settings.  While setting these devices, design engineers should 
set them to the lowest possible setting that will allow the motor to 
start without nuisance tripping. This will also allow for tighter trip 
settings on the main circuit breaker to ensure proper 
coordination, and reduce overall arc flash incident energy ratings 
at the MCC. 
  
  



   

V.  MCC EQUIPMENT DESIGNS 
 
Most major MCC manufacturers that produce equipment for 

the North American market have their equipment listed to 
Underwriters Laboratories safety standard UL 845.  With support 
of organizations such as CANENA (Council for Harmonization of 
Electrotechnical Standardization of the Nations of the Americas), 
UL 845 has been harmonized with the corresponding standards 
from Canada and Mexico.  With active collaboration between 
certification agencies, manufacturers and users, MCC standards 
are in a constant state of review.  New technologies, new motor 
control hardware, new materials and new applications all play a 
role in assuring the standard stays updated and relevant. 

UL 845 sets minimum design and performance requirements 
for low-voltage motor control centers.  The standard does not 
dictate construction methods or define what materials need to be 
used.  With a focus on user safety, the standard addresses a 
variety of topics that range from user informational labels to how 
the equipment must perform under fault conditions.  UL 845 also 
bridges the gap between other standards that address 
installation and use of MCC equipment.  Consider the US 
National Electric Code or Canadian Electrical Code.  UL 845 
specifies minimum wire bending space that aligns with the 
requirements of the electrical codes.  It also ensures that the 
electrical connections for user installed cables are of adequate 
size to accommodate typical cable sizing requirements in the 
installation codes. 

Depending on the application, some standards requirements 
may not be as critical as others.  For example, UL 845 specifies 
minimum performance levels for paint used on structures.  Paint 
performance may not be high on the requirements list if the MCC 
is installed in a climate controlled room.  But, if the environment 
is a seaside location without climate control, paint performance 
may be much more important.  Paint is a simple example to 
illustrate the point.  We can all relate to rusty sheet metal.  The 
key takeaway is that manufacturers approach requirements 
differently.   

When it comes to arc fault performance, do you want an MCC 
that manages an arc fault by containing it within equipment built 
like a tank?  Do you want an MCC that directs the blast in a safe 
direction?  Do you want an MCC that utilizes arc quenching or 
reduction technology?  Or, do the requirements of the application 
lead to a combination of available passive and active solutions?  
It is important to remember there are a variety of construction 
methods. If listed by UL, the equipment has been tested to meet 
minimum standards.  However, they will all perform differently 
when subjected to conditions that are not optimal or not covered 
within the scope of the UL standard.  Section 7 of IEEE 1683 
addresses construction considerations for MCC users.  This is a 
discussion of basic design elements that include power bus 
construction, unit design, unit stab design, unit alignment, 
isolation between power bus and units and the use of arc 
resistant designs.  The choice of topics selected at the time IEEE 
1683 was being developed was dependent on the role they play 
in reducing electrical hazards.  All reflect basic design 
considerations that can vary from manufacturer to manufacturer.  
With MCC standards dictating minimum performance 
requirements, it is important for users to understand the minimum 
requirements of the standard, how the actual equipment 
performs against the standard, and the design techniques and 
features the equipment implements to achieve required 

performance levels.  Differences between manufacturers’ basic 
designs should always be considered when selecting equipment. 

In addition to basic requirements set forth by standards, MCC 
equipment manufactures also offer options that can help reduce 
electrical hazards.  Section 6 of IEEE 1683 is a discussion of 
optional diagnostic indicator features available to help reduce 
risk associated with operating or maintaining MCCs.  The goal is 
to minimize the time that doors are open and keep people outside 
the arc flash boundary whenever possible. 

Remote monitoring and control systems, SCADA, DCS, etc. 
are commonly used methods to minimize exposure to hazards.  
Today’s technology allows for everything from simple start/stop 
control to individual device parameter adjustment to in-depth 
historical data collection.  Smart overload relays, networked 
control devices and software that present information in a user 
friendly format are at the heart of these technologies.  The 
abundance of diagnostic information available can be used to 
analyze and troubleshoot causes of a down-time event.  If 
implemented properly, the data gathered can be analyzed and a 
properly defined work order can be developed before sending a 
service technician into the field.   

When the need to work on an MCC does present itself, 
consider the value in being able to determine the absence of 
voltage before opening a door that covers energized equipment.    
While safe work practices still require proper PPE and verification 
of an electrically safe work condition, risk can further be reduced 
when an absence of voltage tester is used in conjunction with 
lock-out tag-out (LOTO) procedures before opening the door.  
For example, if the disconnecting means is opened, but the 
voltage tester still indicates the presence of voltage, there is likely 
an abnormal condition that will require extra measures to create 
an electrically safe work condition. Absence of voltage testers 
can be incorporated into an MCC design to help reduce exposure 
to electrical hazards. 

Arc resistant designs are another key design choice that can 
result in the reduction of risk of exposure to arc flash hazards.  
These designs are intended to provide an extra degree of 
personnel protection under normal operating conditions; that is, 
with all doors and covers closed, not during maintenance 
activities (where doors and covers are typically opened).  IEEE 
1683 Section 7.11 addresses this topic directly.  It is important to 
note that UL 845 does not address arc resistant design or contain 
any requirements or testing for MCC performance under arcing 
fault conditions.  Arc resistance performance is described in 
IEEE standard C37.20.7 [12]. It should be noted that while 
C37.20.7-2007 does not specifically address LV MCCs, many LV 
MCC manufacturers have used its requirements to test their 
MCCs to their interpretation of the requirements. The next edition 
of C37.20.7 will contain specific requirements for validating arc 
resistance of LV MCCs.  

It should be noted that not all options with the ability to reduce 
exposure to electrical hazards need to be highly technical. 
Windows facilitate disconnect blade position confirmation.  
Infrared (IR) compatible viewing windows allow thermal imaging 
of internal components, while keeping the MCC doors closed and 
covers in place.  Easy to read schematics and wiring with 
corresponding wire numbers support troubleshooting efforts.  
Pull-apart terminal blocks can speed up installation and unit 
replacement. However, their placement (for example, locating 
motor load terminals in vertical wireways) may increase the risk 
of occurrence of shock or arcing faults. Finger-safe termination 
points and barriers can reduce the risk of exposer to shock 



   

hazards. Pilot lights with bulbs that can be replaced without 
opening doors, long life LEDs, and push-to-test features are 
other examples of low tech items that minimize maintenance time 
and reduce exposure to hazards.  Even the choice between 
fuses or circuit breakers as over current protective devices has 
an impact on reducing exposure to electrical hazards.  For 
example: fuses are likely to open even for low-level short circuits 
and need to be replaced, requiring the unit door to be opened, 
potentially increasing exposure to shock and arc flash hazards. 
Under the same low-level short circuit conditions, depending on 
the cause of a fault and the corrective action taken, a circuit 
breaker may be able to be reset and the unit returned to service. 
However, circuit breakers are required to be properly maintained 
in order to ensure proper functioning, Options and how they 
impact electrical safety must always be considered when 
specifying MCCs 
. 

VI.  MCC TESTING AND QUALIFICATION 
 

A. Certification and Qualification  
 

One major advantage MCCs have over other types of motor 
control methods (such as a UL 508A control panel) is that UL 845 
includes standardized testing requirements. These requirements 
must be satisfied in order to certify that MCC sections and units 
comply with the requirements of the standard. These testing 
requirements include short circuit testing and temperature rise 
testing. While the standard includes testing requirements, it is 
important to know that not all possible fault conditions are tested.  

Short circuit tests for UL 845 MCCs are conducted with bolted 
faults. The horizontal bus is tested by using a bar bolted across 
all three phases, and units are tested by bolting together the ends 
of four-foot-long load cables which are connected to the unit load 
terminals.  These test methods result in the MCC bus and units 
being subjected to fault current much higher than would ever be 
expected to be encountered in real life fault scenarios.  

MCCs typically contain the final branch circuit overcurrent 
protective devices (OCPD). These OCPDs are typically fast 
acting molded case circuit breakers or current limiting fuses. 
Therefore, the UL 845 standard only requires that the bolted fault 
short circuit test be run at a power factor of 20% or less 
(corresponding to a short circuit X/R ratio of 4.899) for a 
maximum duration of only 3 cycles. This is also the maximum 
duration required for short circuit tests for UL 489 [13] molded 
case circuit breakers. The MCC bus system is only required to 
withstand its rated fault level once. UL 845 does not address bus 
short circuit performance requirements beyond the single 
required withstand test. It is important to note that if the MCC is 
playing the role of distribution switchgear and contains main lug 
only feeders or low-voltage power circuit breaker (LVPCB) 
feeders and uses an LVPCB as its main OCPD, it is likely that 
the main LVPCB will be configured to have a total clearing time 
of longer than 3 cycles, it is important to consult with the MCC 
manufacturer to determine if the MCC bus has been evaluated 
for short circuit durations in excess of 3 cycles. It is also important 
to validate that the short circuit X/R ratio will not exceed the 4.899 
used in the UL 845 qualification tests. X/R ratios greater than 
4.899 will produce higher peak let-through currents than those 
developed during the UL 845 qualification tests. It may be 
necessary to select the MCC short circuit rating one level beyond 
what might be expected based on the RMS value of the available 

short circuit current to account for the increased peak let-through 
current. 

As mentioned earlier, a very important thing to note is that UL 
845 does not require any performance testing of the MCC due to 
internal arcing faults. Unless an MCC has been evaluated to an 
arc resistant equipment standard, no assumptions should be 
made regarding the MCC performance during an internal arcing 
fault. 

Temperature rise testing is required by UL 845 primarily to help 
ensure that the insulating and support materials will not exceed 
temperatures that could cause them to degrade or shorten their 
useful working life.  The maximum temperature rises are dictated 
by UL 845 and may be different depending on the specific 
materials used and their locations within the MCC.  Since 
temperature rise testing is conducted for UL 845 MCCs, the sizes 
of internal conductors (bus bars and cables) and the insulation 
temperature rating are typically selected based on the smallest 
size that will not exceed the temperature rise limits imposed by 
UL 845. Because of this, internal MCC wiring is quite often 
smaller than the sizes that are required for user’s load cables. 
Different MCC designs may require larger bus cross-sections 
when compared to others in order to ensure that the maximum 
temperature rise of the bus is not exceeded. Larger bus may 
increase the cost of the MCC. It is also important to note that 
since conductors are subjected to temperature rise testing, the 
current density of conductors used in MCCs may be greater than 
those that might be permitted in other standards. For example, 
UL 508A [14], Standard for Industrial Control Panels, has a 
requirement that non-tested assemblies must limit the bus 
current density to 1000 A/sq. in. 
 
B. Factory Tests 

 
MCCs are subjected to a variety of tests during the 

manufacturing process as part of the manufacturer’s quality 
control requirements. UL 845 only requires one factory test; a 
high-potential, dielectric withstand test.  

Typical mechanical tests include such things as ensuring that 
operating handles for disconnect switches and circuit breakers 
function properly, that a tripped circuit breaker can be reset, and 
that safety interlocks are functional. Fasteners are checked for 
proper torque and are typically marked to indicate that the torque 
has been checked and to make it evident if a fastener has been 
loosened or removed and reinstalled. 

Typical electrical tests include applying power to contactors, 
adjustable frequency drives, and soft starters to ensure they are 
functional. Continuity or functional tests are typically performed 
on control and auxiliary circuits. When intelligent devices are 
provided, the manufacturer typically only sets those parameters 
that are necessary to conduct a functional test of the device or 
those that are needed to match settings specified on wiring 
diagrams. 

Since factory testing is primarily at the discretion of each 
manufacturer, if an end user requires specific testing to be 
conducted at the factory, those requirements should be 
established during the quotation and ordering process. Note that 
some manufacturers permit factory inspections or witness tests 
on equipment, but those tests must be agreed upon during the 
quotation and ordering process since these inspections or tests 
may result in additional time or cost. 
  



   

C. Commissioning and Site Acceptance Testing  
 

ANSI/NETA ATS-2017, Standard for Acceptance Testing 
Specifications for Electrical Power Equipment and Systems [15], 
often referred to as NETA ATS, is a standard that covers required 
and optional field tests and inspections to assess electrical 
equipment readiness for energization, prior to initial energization 
of electrical equipment.  The tests, along with manufacture’s 
recommended tests, are used to verify the equipment is 
operational, within manufacturer standards and tolerances, and 
are installed in accordance with specifications.  NETA ATS 
provides some expected test results.   NETA ATS does not cover 
test procedures.   

NETA ATS recommends that an independent, third party entity 
performs the tests.  A third party entity is seen as unbiased 
because it is independent from the manufacturer and installers 
of the equipment.  The technicians performing the tests should 
be properly trained in the testing to be done, as well as capable 
of conducting the tests in a safe manner with knowledge of the 
risks involved.  The technicians should be capable of evaluating 
the test data to judge whether or not the equipment is ready to 
be energized.   

There are many tests that occur at the manufacturer that are 
not repeated in the field.  Site acceptance testing usually 
concentrates on testing connections made in the field, testing the 
equipment to insure it is ready to energize, and testing the 
operational status of the MCC units.  Typical tests include visual 
inspection, verifying the mechanical operation of contactors, 
verifying the overload element ratings or settings are correct, low-
resistance ohmmeter or other tests of bolted connections, 
especially field assembled connections such as power bus 
splices, insulation resistance tests of starters (both open and 
closed), insulation resistance tests of the MCC bus bars, and 
performing operational tests by initiating control devices.  
Primary injection testing of molded case circuit breakers is 
required by NETA ATS, and is performed when required by the 
owner.   

 
VII.  EXAMPLE USER EXPERIENCE 

 
In order to demonstrate a typical user experience with using 

IEEE 1683 for a project that includes low-voltage MCC’s, the 
following example is offered.  

A large petrochemical facility operates in the Gulf Coast area 
of the United States and is undergoing an expansion.  Several 
new substations will be installed in the facility.  The petrochemical 
facility has been in operation for several years.  Although the 
existing facility has a good safety record, previous facility 
management did not always agree with engineering on spending 
the necessary money on the latest design safety features.  For 
this expansion, management is highly motivated to build a very 
safe facility.  They believe that a strong focus on worker welfare 
has a positive effect on safety, quality and productivity in the 
field.  The Front End Engineering and Design (FEED) phase of 
the project is complete, and the detailed Engineering, 
Procurement, and Construction (EPC) phase of the project has 
not been awarded yet.  The purchase orders for the electrical 
equipment have not been placed, so suppliers are not yet known. 
This example will discuss the design decisions made during the 
FEED phase.  

The power system expansion consists of new substations that 
contain medium-voltage and low-voltage equipment, to feed 

power to the new facilities.  The majority of the LV systems are 
secondary selective and include  two transformers rated 13.8 kV 
- 480 V, a 480 V switchgear with two main breakers, two normally 
open tie breakers, and various numbers of feeder breakers that 
feed 480 V MCC’s.  The power system is three-phase, three-
wire, with high resistance ground selected.  In general, the LV 
MCC’s are located in the same substation buildings as the LV 
switchgear, and the incoming sections of the MCC’s are 
equipped with main lugs only.   

During the FEED phase of the project, the design contractor 
and owner discussed the owner’s concerns related to electrical 
system design, and also determined the type of equipment 
needed to be supplied and installed.  The owner placed a heavy 
emphasis on safety by design and safe work practices.  Safety 
by design can be incorporated into the project specifications as 
well as the electrical system design.  Understanding the desired 
safe work practices allowed for development of project 
specifications to support those practices.   

The owner electrical engineer (EE) and one of the design 
contractor EE’s were aware that IEEE 1683 was recently 
published, and they wanted to incorporate some aspects of IEEE 
1683 into the project.  During the FEED phase of the project, the 
owner EE and some members of the design contractor team 
read through IEEE 1683.  The team selected some items from 
IEEE 1683 and other best practices that they would incorporate 
into the electrical system design and also into the LV MCC 
specification.   
The electrical system design features selected include:  

• Limiting the transformer kVA rating 
• Providing transformer differential on LV transformers, if 

shown to be necessary by the arc flash study  
• Including ZSI in the LV Switchgear 
• Some type of mitigation on the feeders to the LV 

MCC’s, with the final selection to be made later 
The LV MCC specification requirements include  

• Arc resistant designs 
• Finger-safe terminal blocks 
• Fuse guards and interphase barriers 
• Multifunction digital overload relays 
• Intelligent MCC system  
• Ground fault detection 
• Current limiting molded case circuit breakers 
• Plug-in unit power stab quick disconnect features 
• Permanently installed absence of voltage testers 
• Aligned Factory Acceptance Testing (FAT) 

 
A. Electrical System Design 

 
A maximum base rating of 1500 kVA was selected for the 

transformers.  This rating was selected to allow the transformers 
and associated switchgear to have a reasonably high capacity, 
but still limit the arc flash incident energy at the switchgear and 
MCC’s.   

A basic arc flash study was done during the FEED phase of 
the project.  The line side of the incoming main breaker on LV 
switchgear supplied by a transformer was determined to be a 
dangerous location which possessed high incident energy.  The 
transformer primary overcurrent relay normally clears a fault at 
this location.  The transformer primary overcurrent relay takes 
time to trip and clear a fault.  Incident energy levels close to 30 
cal/cm2 at a 24 in. working distance were calculated for line side 



   

faults for these locations.  Although maintenance mode switches 
might be implemented upstream on the transformer feeder 
breakers, engineered solutions were recognized as better than 
administrative solutions, so transformer differential relays were 
selected on all transformers with 480 V secondary to remedy this 
situation.  This reduced the incident energy level down to about 
4 cal/cm2 at 24 in. working distance for faults on the line side of 
the main breakers.   

The team selected ZSI at the LV switchgear level.  This feature 
allows the breaker immediately upstream of the fault to clear the 
fault quickly.  This helps reduce the severity of an arcing event 
on LV switchgear, because if there is a fault between the main 
breaker and the feeder breakers, the main breaker will trip 
quickly.  Use of ZSI will lower the arc flash incident energy 
released during a fault, and help protect the equipment.   

The team recognized that it is very important to minimize the 
incident energy at the LV MCC whenever possible.  If it is not 
possible to limit this at all times, then as a minimum it should be 
minimized while work is being done on the LV MCC.  IEEE 1683 
states that engineered solutions are preferred to administrative 
solutions, and the team preferred an engineered solution to this 
issue.  The team thought that the use of current limiting molded 
case circuit breakers on the LV MCC’s might allow the 
switchgear LV power circuit breaker feeding the MCC to be set 
so it is selective, yet still limits the incident energy at the LV MCC.  
The team was not able to determine a solution due to the stage 
of the project.  Electrical equipment manufacturers were not 
selected yet, and schedule limitations didn’t allow the team to find 
an engineered solution.  The team decided that maintenance 
mode switches could be used on the MCC main OCPD (which 
are feeders in the low voltage switchgear), unless and until an 
engineered solution is developed.  The team also recognized that 
while engineering solutions might be possible, the maintenance 
mode switches always work, and may provide a more robust 
solution than other solutions that are dependent on current 
magnitudes, so in the end a combination of the two may be the 
best solution. 

Maintenance mode switches were selected for the LV 
switchgear feeder breakers, including those that serve as the 
MCC main OCPDs.  This enabled an instantaneous trip setting 
on the LV switchgear feeder breakers to be used while 
maintenance activities are ongoing at the LV MCC.  An output 
from the LV switchgear trip unit lights up a light on the switchgear 
and on the door of the main incoming unit at the MCC, providing 
positive indication that the feeder breaker is in maintenance 
mode and is providing enhanced protection.  An alarm is present 
to the Power Management System when the switch is in 
maintenance mode.  Once work is complete, the maintenance 
mode switch is switched back to normal mode, and the alarm 
clears.  With the maintenance mode switch in normal mode, the 
arc flash study shows that the arc flash incident energy is 11.8 
cal/cm² at an 18 in. working distance, and the arc flash boundary 
is 6.0 ft.  With the maintenance switch in maintenance mode, the 
arc flash incident energy is reduced to 5.5 cal/cm² at an 18 in. 
working distance, and the arc flash boundary is reduced to 3.8 ft. 

 
B. LV MCC Specification Requirements 

 
Arc resistant equipment was selected for the project, for all 

equipment where this characteristic was available.  This included 
LV switchgear and LV MCCs.  This will help reduce the risk for 
operating personnel while the doors are closed and secured. 

The team specified absence of voltage testers be provided on 
each MCC incoming cable compartment.  This will allow 
electricians to verify the absence of voltage before accessing the 
MCC’s.   Shock protection features such as fuse inter-phase 
barriers and insulated fuse covers as well as finger-safe terminal 
blocks were also included in the specification.  

The team decided to specify multifunction digital overload 
relays for the project.  Multifunction digital overload relays 
provide protection, control, metering, and communication 
functions.  Each starter was specified to have a multifunction 
digital overload relay and a local control panel mounted on the 
starter door.  Multifunction digital overload relays allow for a 
variety of alarm or trip status indications to be displayed 
immediately on the relay local control panel or on the MCC HMI.  
Ground fault alarm, overload unit trip, and motor running were 
selected to be provided. 

The team discussed which type of intelligent MCC system 
would be selected for the LV MCC’s.  The team discussed 
connecting to and providing much information to the Power 
Management System, but ended up specifying that the intelligent 
MCC system would be separate from the PMS system.  The 
intelligent MCC system would use networked devices to 
communicate status and facilitate diagnostics between the 
Human Machine Interface (HMI) (computer work station) and the 
devices.  The team decided to have one HMI per substation 
building, with all MCC’s in the substation building connected to it.     
The local HMI will allow the owner to access each starter in each 
MCC individually, without opening doors of energized units.  The 
local HMI is permanently installed so it facilitates accessing LV 
MCC information quickly.  Using this system will allow the owner 
access to information such as starter operations, trips, motor 
load, overload settings, control power status, and/or other 
conditions that can help reduce or eliminate troubleshooting time 
within the unit.  

Ground fault alarm will allow detection of a ground fault without 
having an electrician go to the MCC to use a ground fault 
detection device to encircle or wrap the three phase conductors 
of individual feeders while going from cable to cable, to find a 
ground fault.  This helps reduce the risks that electricians are 
exposed to when they are trying to find the exact location of a 
ground fault.  The team agreed that fixed permanent ground fault 
indication in HRG systems is a great safety and labor saving 
capability that should be included in all systems.   

Current-limiting molded case circuit breakers were selected for 
the LV MCC’s.  As mentioned above, one reason for this was to 
hopefully allow the switchgear LV power circuit breaker feeding 
the MCC to be set so it is selective, yet still limits the incident 
energy at the LV MCC.   

To reduce the risk during insertion or removal of plug-in units, 
a plug-in stab quick disconnect feature is selected for each LV 
MCC unit. This will help reduce exposure to electrical hazards by 
allowing a unit to be connected to or disconnected from the 
vertical power bus with the enclosure door still closed. The unit 
can then be installed in or removed from the MCC without the 
need to overcome the force of the plug-in stab connection.  

The owner and the design contractor plan to align with the 
manufacturer on the required Factory Acceptance Tests (FAT) 
which will consist of visual inspections, dielectric withstand tests 
of LV MCC bus bars, and full functional tests of each LV starter 
and contactor, as well as the communication to and functionality 
of the HMI.  These tests are planned to be done when the LV 
MCCs are ready for FAT.   



   

 
VIII.   CONCLUSIONS 

 
IEEE 1683 is a guide intended to help specifiers and users of 

MCCs select MCC design features and options that help lower 
the risks of exposure to the hazards associated with energized 
MCCs. It has been shown that product standards exist that 
describe the requirements for designing and qualifying an MCC 
to be in compliance with the standard. However, there are still 
numerous choices that the MCC specifier and user need to 
consider since there are many optional features and design 
decisions that affect the hazards associated with the MCC. For 
example, the way in which the power distribution system is 
configured to deliver power to the MCC can have a big impact on 
the arc fault incident energy available in an MCC. It is therefore 
very important that the specifier clearly defines their 
requirements, including working with the party responsible for the 
power distribution system design. Finally, an example case study 
was shown to illustrate some of the typical electrical system 
design and MCC feature selection considerations that take place 
in the selection, operation, and maintenance of the MCC.  

This article first appeared at the 2017 IEEE IAS Petroleum and 
Chemical Industry Conference. [16] 
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