UNDERSTANDING CONTROL PANEL

QUALITY DIFFERENCES

Identifying a Quality Control Panel that Withstands the Test of
Time Verses One That will Result in Lost Production
By Larry West, Sales and Automation Manager, KMC Global Controls & Automation

Introduction

Control panels, like many other custom-built goods, have
varying degrees of quality. These variances can be hard to
identify, but over the course of time it is easy to see how
well made, quality control panels stand the test of time
when others fail and result in lost production.

This whitepaper outlines the differences in control

panel quality and helps to give an understanding of

the building blocks of control panels that are the most
efficient and cost effective choice for the manufacturing
process. In addition, this paper touches on some of the
rules and entities that influence the industrial controls
market—including such things as design, following
guidelines, and actual panel build.
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It Starts with Design

A great build starts with design. Unfortunately, in an
effort to lower the cost of panel building many control
panel shops cut corners by implementing weak design
standards which —in the long run—result in reduced
production time for the customer.

Weak design standards are a result of using generic
drawings that have only minor adjustments to detail.
These drawings use simple shapes, rough component
placements, and simple wire numbering which

causes setbacks with installation, as electricians and
maintenance personnel try to decipher vague controls
drawings. Then, later in the process if a breakdown
occurs, maintenance once again is tasked with trying
to decipher poorly created drawings while precious
minutes and hours tick away.
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Elements of Good Design

Elements of good design are created by using clear
and detailed drawings that include the proper use of
symbols, designated space for growth, and that adhere
to control panel industry guidelines and standard
practices.

Clear and Detailed Drawings

Electrical drawings should be designed to give the
builder a clear understanding for constructing the panel
and also give the end user a valuable document. The
drawing should include a layout that closely represents
the components in the control panel. In addition, the
layout should also have a general flow that separates—
as much as possible—lower voltages from higher
voltages, and provide a space for all field wiring to be
landed.

= The schematic should include wire numbers
that act as an address so that they can easily
be referenced. For example, when finding a wire
numbered 2113:

= The first digit (2) would reference the page
number where the wire can be found.

* Then on each page, rows should have a number
grid. The middle number (11) would indicate the row
on the grid.

* The last number (3) would indicate that the wire
2113 is the third wire in that circuit.

Proper Use of Symbols

Good drawings also have indicators to assist the reader
such as “boxing around" wire points that are outside the
control panel—like a motor or sensor.

Proper use of symbols helps maintenance to quickly
see where different components such as pushbuttons,
selector switches, sensors and E-stop type pushbuttons
are drawn.

Allocating Space for Growth

One last point to cover with design elements is space.
Rarely does a control panel get installed and never
modified. Troubleshooting, changing production needs,
and automation advancements are just a few reasons for
working in and needing room for additional components
to a control panel.

The real test for the design team is how to allocate
space for growth. Planning for at least 10%

growth should be integrated into the control center
schematics. It is easy to drop in the components and
have space clumped. However, the best designs will
have spacing allowances for every segment.

The automation area will allow for additional 1/0 cards
to be added, motor control will allow for additional
service(s), terminal points will have room to allow
additional field points, and wire ways will have space
available for additional wires needed.

The controls provider should be told about potential
future plans. With advanced knowledge, the panel
should be able to be designed with the proper space
to implement new components. The drawings can

be created showing future components with the wire
addressing and wire points already identified. This step
may not seem important at the time of purchase, but
maintenance staff will appreciate it when they need to
implement and troubleshoot later.

The image above shows a panel designed with
simple square and rectangle shapes which illustrates
components and a component numbering system
that does not offer drawing location and has uneven

expandability.
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In the illustration above, many elements are drawn tightly and every inch of paper used. This drawing, although paper
efficient, is very hard to read and makes it very difficult for the mechanic to comprehend.

Following Proper Guidelines

Industrially speaking, most control centers are custom
built to the specific need, but unfortunately most panel
builders only follow the minimal guidelines for wire size
and fusing when designing and building controls—but
nothing more. Component spacing, heat dissipation, and
many other safe design practices are often skimmed
over. These practices have allowed some electrical
controls builders to offer the customer lower cost
options, but the end the customer typically pays more.

The Interior Control Panel Environment

Many components that fail are simply replaced and
assumed to have failed on their own accord, when in
reality the environment is the root cause. For example:
Variable Frequency Drives (VFDs) generate heat. VFDs
that are not spaced properly create a window of heat
between them that will most certainly cause premature
failure. Furthermore, if the heat being generated is not
dissipated or air conditioned, the entire control panel will
heat and components susceptible to heat will fail.

Proper Electrical Practices

In the United States, proper electrical practices are set by
entities such as the National Electric Code (NEC), United
Listing (UL), and others depending on the facilities
location.

In the United States, all municipalities have some degree
of regulation when it comes to industrial electrical
controls and they typically follow closely to the NEC
standards. Most municipalities do not actively inspect
industrial controls in their area. The controls industry
knows this, and many exploit the fact. This creates a
large pricing disadvantage to those companies that do
not waiver on proper standards.

However, some municipalities are active and some even
require that controls be built according to UL standards
and stickered by a UL approved shop. Controls builders
that are UL listed are subject to routine inspections of

their work and will lose their accreditation if they cannot
comply to ULs rules regarding design and construction.
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But just because a shop is UL Listed does not mean [E— “‘f’
that they must follow UL rules on all control panels they
build. UL Listed control shops are only required to follow
UL rules if the panel in question will receive a UL sticker

identifying it as a UL Listed control panel.

Identifying a Quality Product

There are subtle differences in the actual build of control
panels that can be spotted in order to identify a product
that will withstand the test of time from one that will end up
costing downtime.

Electrical Wires

Electrical wire has many variations. Insulation color,
Insulation type, gauge (thickness), conductive material,
and strand size are all variables. Each variable has its
use, but many times the panel will be constructed using
the cheapest variable instead of the wire type designed
for a specific application. For example, Machine Tool
Wire (MTW) and Thermoplastic High Heat-Resistant
Nylon Coated (THHN) can be used in control panel
construction and both have a practical use, but many
panel builders will use the cheapest to serve all
connection points.
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When it comes to color, different wire colors represent
different use. Common wire color associations are as

follows in regards to AC industrial controls):

* Red wire typically will be connected to 120 Volt AC
components.
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= White wire typically will be common for 120
Volt components. It is important to note that many
control builders will also use white for DC
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common.
The illustration above is an examples of a high quality
layout with proper identification. This drawing gives = Solid Blue will be connected to 24 (or lower) Volt
a true representation of the controls structure, good DC components.

spacing, and even room for growth and labeling that
identifies where parts can be found in the drawings. In

Blue with white stripe typically will be common for

the bottom schematic 2 relays are shown, how they are DC circuits.

represented, and addressing. Looking at the numbers

to the left, this page 5 row 10 & 11. CR5101 shows = All black wires, or 1 brown, 1 orange, and 1 yellow
a relay located on page 5, row 10 and the first relay. (for each phase) is commonly used for 3-phase

If a second relay coil was wired in series, it would be wiring of motors.

CRb5102 and so on. Additionally, the 0:0/02 represents

the output point for the PLC controller so the technician = Green or green with a yellow stripe is commonly
can easily see the circuit from start to finish. associated with ground for all Voltage types.



UNDERSTANDING CONTROL PANEL QUALITY DIFFERENCES

-

Other wire color variations can be applied depending
on application. For instance, an orange or purple wire
inside a control panel might indicate voltage applied is
coming from a source outside this control panel and
serves as a warning to the maintenance person that
voltage may be present even if control power is off.

Many industrial facilities have taken the step to create
guidelines for wire type, color, and use. This practice
has been implemented to provide a clear understanding
of how power is being used and acts as a safety
measure for their maintenance staff. If an operation has
not adopted its own wiring practices, they should ensure
that the panel is constructed using best practices.

Component Quality

For every component that resides in your control panel,
there are a vast number of vendors who supply each
part—and cheap. Products that seemingly doing the
same job can swing greatly in price. For the consumer, it
can be inviting to use the lowest cost component to do
the job. However, this is most often not the best choice.

Take a terminal, one of the simplest components in a
control panel. Many companies do a good job making
these and lower cost units may be suitable for some if
not most applications. Compare that to a relay. A relay

is also a very simple component, but variances in quality
swing as widely as the price and tracing a relay issue can
be costly because it does not always go bad all at once.
The failure can be intermittent, and this is most prevalent
in lower quality units.

As the consumer, the best way to isolate yourself

from quality issues versus paying too much is to find a
trustworthy source for your controls needs. A trustworthy
source will be able to provide controls that they stand
behind with a warranty. They should also take the time

to understand the customer's needs and will serve to fill
that need.

Assessing Construction

Components should be firmly mounted with acceptable
spacing, and wiring should not be tight or binding.

* The 120-Volt and 24-Volt wiring should be ferruled
on the ends to eliminate the possibility of having
loose wire strands.

= Motor and higher voltage leads are OK to

be done in most cases, but connection points
sometimes limit the builder’s ability to use ferrules
and properly tighten according to manufacturer's
recommendations.

= |tis vital to make sure that all wire strands are
captured as any loose wire strands will likely result in
a direct short.

= Wire ways should be used to encase the wires
as this adds a cleaner look and provides a set path
for wire. This also provides a level of safety for
troubleshooting a live panel.

= Exterior components mounted to the control panel
should be fixed in place securely and placed
appropriately for their application. For instance, if

a control panel requires a brake resistor, the brake
resistor should be guarded to prevent personnel from
getting burned and placed in a location not prone to
being touched (i.e. on the top of the panel).

= All openings that are made in the enclosure should
be sealed, at a minimum, to the original duty of the
control panel. For example, there is a NEMA 4X
rated enclosure and an opening is cut to mount a
pushbutton in the enclosure door, that opening must
be sized appropriately and the gasketing for the
pushbutton must be rated NEMA 4X or higher. If not,
the entire enclosure rating is reduced.

The image on the left looks clean, but by not using wire-way, in time it is certain to look like the image at right. While not using
wire-way can save money and provide an initial clean look, once the panel needs to be troubleshot, the wire ties are cut and
because operation is vital, the panel is put back into operation before it can be cleaned up.
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Stored Electrical Parts and Build Area Environment ~ Some additional information to know when
purchasing controls includes:
In many cases, electrical components are sensitive to

climate, dust, and other debris. At a minimum, the controls * How the suppliers addressing system for wires
should be built in a room free of dust and debris and works.
electronic parts should be stored in a climate-controlled

= I ings.
room. Stock should be rotated, maintained in original nsure proper symbols are used on drawings

packaging, and not stored directly on the floor. » Rules regarding industrial electrical controls in your
Ideally, controls are built in a fully climate-controlled region.

location specifically purposed for building controls. Many = Schematics should include the original

companies will provide several services such as metal manufacturers part numbers. Although this does
fabrication and cutting alongside their control's efforts. not speak directly to the construction of

Although this efficient use of space may allow them to the controls, it is good for the customer to have.
provide a lower cost to their customer, the life-cycle of . .

the parts contained within the enclosure may have been * Drawings incorporate space for future growth.
substantially shortened.

Panel Testing C lusi

Rarely—if ever—should a control panel be shipped from onciusion

its place of origin before it has at least been run through In conclusion, hopefully this article has helped give an

a power cycle. A power cycle is designed to test for understanding of the basics for identifying a high-quality
short circuit and general operation before being field control panel and has also provided good insight on what

wired to the equipment. A power cycle test should not be  to look for in a controls provider and purchase.
confused with a Factory Acceptance Test (FAT) or a Site

Acceptance Test (SAT). However, if a FAT and SAT test

is required for a specific application, the controls builder

should be able to offer these services if they are needed. About the Author

Larry West is the Sales and
Automation Manager for KMC Global
Controls & Automation and has more
than 18 years of field service and
engineering experience—including
electrical engineering—in a wide
variety of industries including process manufacturing,
metalworking operations, and more. KMC Global Controls &
Automation provides a single point of contact for a wide variety of
industrial controls and automation needs.

Choosing the Best Supplier

When looking for a control panel supplier it will be
beneficial to ask them the following basic questions,
which should be easy to answer. These questions help
to identify whether or not the supplier provides quality
panels that give the most efficient, long lasting, low
maintenance, and profitable solution.

* What are the guidelines you follow when building
industrial controls?

= Where and how are your electronic parts V. i
stored? Are they protected from dust, debris, heat A ‘7 o a
and humidity and do you rotate your stock? CONTROLS & AUTOIVIATIDN®

= Can you provide your wire color standards?

* What is your testing procedure for the control 5765 East N Avenue, Kalamazoo, Ml 49048
panel? 1-833-562-4562 | sales@kmcautomation.com

= Can you supply me a report of the completed .
testing? P g P kmcautomation.com



