Chapter 9 Planning the Panel

Introduction

When installing a PLC for use in a control panel and for a factory floor application, the total
hardware configuration must be considered. Questions such as how the PLC will fit in the panel,
what to include, and how to wire it must be considered. Power must be furnished to the
components at the correct voltage and sufficient current. The environment of the control panel
may need to be considered as well, whether it will need heat or coolant, protection from moisture
or other foreign material. Power may be furnished to the control panel at 120 VAC. Voltage
may be exposed at terminals if the design is not finger-safe. Other control panels use 24 VDC
exclusively. A majority of student trainer models use 24 VDC since it is much safer for the
student to wire 1/0 without much fear of electrical shock. Trainers used in schools usually have
a 24 VDC power supply.

Other devices found in control panels and on most trainers are terminal strips, push buttons, pilot
lights, switches, a safety disconnect switch, and of course a PLC. Some control panels have a
MCR (master control relay) which has the purpose of shutting down the entire panel if the MCR
is not engaged. Most trainers and control panels have either fuses or circuit breakers for circuit
protection.

This chapter discusses several issues to be considered when building the automated control
application. Included in the chapter are discussions about wire and voltage type. Interfaces
between different control elements are also discussed. Safety is reviewed at the panel level as
well as at the project level. Standards for drawing generation and drawing types are included as
well as an introduction to the AutoCAD Electrical productivity enhancement program.

An aside about 24 VDC used in the factory:

This voltage is very popular as the control voltage of choice in Europe. Some automakers have
adopted 24 VDC in the USA as a standard for control applications since only one maintenance
person is initially needed to fix a machine problem. While an electrician and a machine
repairman are required with 120 VAC machine problems, low voltage DC requires only one
common repairman to fix most down-time problems.

With the newer Arc-flash rules in place, 24 VDC has become the dominant voltage for most
control circuits. The 115 VAC circuit is soon to be gone (or at least in many applications).
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Begin with the Steel

Every control panel must include the steel (or composite material) to house the electronics. The
following are a sampling:

SAGINAW _w
gggi‘;‘nEoELRi&NG Product Lines - Customers v Resources v Careers v Downl

Your Enclosure Source ®

The advertisement below from a distribution company McMaster Carr shows the variability in
purchasing of electrical enclosures. Hoffmann, Wiegmann are two standards. Others provide
similar product lines. You can buy an electrical control panel through Amazon as well as Zoro,
Digi-Key or Automation Direct. As with all purchases of this kind, do not forget to include the
back-plate since it many times is quoted separately.

www.mcmaster.com » Electrical-Enclosures

Electrical Enclosures | McMaster-Carr

Stainless Steel Washdown Enclosures Protect electronics from washdowns in food plants and
other sanitary environments. These enclosures have standard-size push-button holes, saving yo...

.

Ads - Electrical steel enclosure

=B

‘%‘w
< Hoffman Wiegmann Hoffman Wiegmann Steel Hoffman ‘
F101096rt... N412141... Enclosure. .. N121616... Enclosure... Enclosure...
$614.00 $462.07 $243.49 $509.71 $157.17 $76.36
@ Gordon ... Zoro.com Digi-Key ... Zoro.com Automatio... Digi-Key ...
Free shipping Free shipping Free shipping
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The Rittal company was introduced to the American market in the 1980’s and began a trend
away from the individual custom panels to a build-by-section platform. They have been very
successful in this.

Rittal — The System. ->

Benefit from a unique, unparalleled system platform for
industry and IT.

A company in Ann Arbor, Michigan, Dynics, recognized that to gain acceptance on the factory
floor, their software and computer skills would be greatly enhanced by supplying the end user
with a computer, HMI screen or other automation product by enclosing them in a steel panel and
selling the package as a unit. Software and Steel has proved a success for them.

D)'N]C 5 Products v Company v Resources v MediaCenter ContactUs

Industrial loT Done Right.

We focus on the Industrial space with the goal of offering hardware, software,
and complete OT cybersecurity solutions to our customers by developing
standard or custom solutions to fit their needs and protect their operations.

Dynics is a success by recognizing the simplicity of supplying what the customer needs - a panel
complete with software. This is a dedication to the ingenuity of the company and its leadership.
They are highly recommended!
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Temperature and Humidity

Rules for construction of a control panel were first discussed in Chapter 2 - Ladder Basics. This
chapter (Planning the Panel) concentrates on issues that must be considered if the PLC application
is to work properly. For example, it is important to consider the temperature inside and outside
the control panel housing the PLC. When the panel enclosure is installed, the temperature might
be in the 70 degree range. However, during the course of a year, many enclosures are subjected
to very hot or very cold temperatures causing electronics to potentially fail. If a panel is not
adequately heated in northern climates, the electronics will stop working. Interestingly enough,
the panels controlling oil through the Alaska pipeline were not heated. They are very well
insulated however, and the heat from the PLC was adequate to keep the PLC and the other
enclosure contents running. If one of these PLCs lost power, it was very difficult to re-start the
panel since the power supply attached to the PLC would not turn on if the temperature was very
low. Electricians used blow torches to heat the panel until the PLC was warm enough to restart.
Heat generated from the power supply warmed the electronics inside the panel. Then the door
could be closed and the system restarted

Moisture and humidity may be a problem as well. Remember that water condenses at the surface
of a wall where hot moist air meets cold dry air. If this occurs, the outside or inside of a panel
will sweat and accumulate water. Also, water may enter a panel through conduit from above
based on the same condensation process. Use of water barriers helps protect a panel from this
situation. Meyer Hubs are a specific type of conduit condensate protection. If a food application
is being planned, do not forget the use of water hoses on a panel. The best panel must be well
planned to protect from the effects of high pressure water spray.

Terminals

Ground is used as a reference in most PLC systems although un-grounded PLC systems are
found in plants using an ungrounded power source. Ungrounded electric control systems are
accepted by the National Electric Code as well as grounded systems and are a requirement for
the PLC manufacturer to provide adequate wiring constraints for these systems.

A common rule for ground lug design is to provide only one location for devices to electrically
terminate. Disregarding this rule may set up a loop for grounds. Ground loops are not a good
design since currents can travel in ground wires causing changing voltages between ground
references. A good practice is to tie all grounds in a panel to one common grounding location
and then tie that ground lug to the building ground grid. Remove paint between connectors so
that current can flow easily within the grounding system in the panel and to the ground lug.

Terminals are used to connect wires in a panel. Usually, one side of the terminal is reserved for
field wiring and the other side is for the internal panel wiring. Care must be taken to size all
internal wire-duct sufficiently wide and deep enough to fit all wires in the wire duct and also to
fit all covers on. Terminals may be stacked, jumped, and grounded. However, do not use
terminals too small for the electricians' screwdrivers since these individuals may have difficulty
successfully terminating the field wires for the PLC panel. Electricians tend to carry small
screwdrivers and will terminate most small-gage wire but it is always courteous to inquire of
company preferences prior to final design of a panel.
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Since wires can carry current of sufficiently high value to induce voltage on adjacent wires, care
must be taken to not allow AC and signal DC to lie in parallel panel duct. When these wires
cross, they should cross at a 90 degree angle. Also, use surge suppressors on inductive loads to
dampen or suppress noise in adjacent 1/0.

Examples of various types of terminal blocks are shown above in the Phoenix Contact Terminal
Block Catalog.

Use of Surge Suppressors and Bleed-off Resistors

MOV's (metal-oxide-varister) are similar to zener diodes and are rated for a specific energy or
voltage peak. MOV’s are one group of a variety of surge suppressors. Another form of surge
suppressor is the RC (resistor-capacitor) snubber. Either the MOV or the RC snubber may be
used to decrease current spikes in the PLC circuit. They are attached as follows:

PLC Output I Output Device |

Resistor-
Capacitor Fig. 9-1a

Use of Surge Suppressors with
1 Resistor-Capacitor Pair

A MOV device is attached in a similar fashion to the Resistor-Capacitor pair as follows:
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PLC Output I Output Device |

@@ Fig. 9-1b
Use of Surge Suppressors with

MOV (Metal Oxide Varistor)

Drawing Practice

The wiring must be drawn as a document for future use. Drawings may be initiated on a drafting
board or in a computer using a CAD package. Many packages exist to generate panel lay-outs
and, in particular, PLC I/O. In the CAD package, the device external to the PLC is stored with a
symbol name or accessed from a tablet with the symbols present. Then, the wires are assigned
numbers and the I/O is assigned as well. Wire numbers are essential in any large job since a wire
may go to many different locations and must be identified in each location. Usually, panel
locations are displayed as small symbols above or below the device in attached to the I/O point.

From the CAD package or the PLC programming software, a list of 1/0 can be developed. This
list is necessary to adequately prepare the wiring drawings and finish the program. The program
listing and the 1/O sheets must agree with inputs and outputs matching the program-listed 1/0.

Even though most Allen-Bradley cards are shown with the following type of layout in the
literature, cards may be arranged in a more ordered manner for use in a schematic. Allen-
Bradley’s layout of the 1746 1A16 card is shown below.

Figure 8 Decimal and Octal Labeling for 16-Point I/0 Modules
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From the layout above, one approach to layout the drawing would be to use the layout below to
draw the control diagram.
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The following two figures show samples of the resultant I/O drawings with inputs and outputs
wired to various PLC points as part of a PLC ladder diagram. These samples show only a small
portion of the overall wiring of each of the total card layout. Notice the addition of wire
numbers and 1/0 addressing in these samples:

101 "_0% o—108 In0
tp—ob\c 109 In1
cb—ob\c 110 In 2

Fig. 9-4

208 A 201 Sample Input and Output
outo ' Drawing with Wire Numbers
Out1 ———20 oA, o0—9
Out2 ——210 oA\, 09

In addition to having wire numbers and I/O addresses, many PLC schematics also include
terminal designations for devices with terminals having specific assignments. Location
designations are also indicated on the schematic in many cases to specify the location of a
particular device.

Leakage Current

When matching inputs from one PLC to outputs of another, care must be taken that the leakage
current of the output is not sufficient to turn off the input even though the output is off. To guard
against this occurrence, a bleed-off resistor adequately sized to carry the leakage current to
ground is needed. Using the formula for Ohm's Law V = I*R will give the proper value for R.
Leakage current is listed for most outputs. Use the leakage current value for I. Voltage is the
operating voltage of the output.

For example:

Vv =115 VAC
| =1mA
R = 115/(.001) = 115 KOhm

Power rating of the resistor:

P = I*I*R = (.001)*(.001)*(115 K) =.115 (or less than 1/4 watt, a common wattage for
resistors). Having a supply of 100K, % or ¥ watt resistors is always a good idea when starting-up
equipment and potentially confronted with this type of problem.

Ch 9 Planning the Panel 9



See Fig. 9-5 for placement of a bleed-off resistor in a PLC circuit:

PLC Output | PLCInput |

Bleed-off Fig. 9-5
Resistor Bleed-off Resistor used for
Leakage Currents

Leakage is most common in the triac output. The circuit above is very useful if the triac leakage
current is enough to turn on the input circuit attached to the triac output. This will occur if the
input impedance of the device is high enough to not require current greater than the bleed-off
current of the triac output.

Families of 1/0 Cards

Several types of PLCs and 1/O are available. For Allen Bradley and Siemens, these families of
processor and cards are found on their respective websites. The choice of a processor type will
determine the choice of 1/0O cards available as well as a layout of the system. Spare cards must
be considered when choosing the PLC since one card of each type should be ordered as a system
spare.

The Allen-Bradley family of PLC types is shown here including large, small and micro/nano
systems:

Large Control Systems

Cur Large Control Systems fit your most demanding application needs. They offer modular architectures and a range of /O and network options. These powerful control solutions
deliver world-class capabilities for all disciplines, from process to safety to motion. Designed for distributed or supervisory control applications, our large programmable automation
controllers (FACs) and programmable logic controllers (PLC) provide exceptional reliability and performance.

1756 ControlLogix Control System

ControlLogix® systems use a common control engine with a common development « 1756 ControlLogix Extreme Environment
environment to provide high performance in an easy-to-use environment Tight integration Confrollers

s between the programming software, controller, and /O modules reduces development time = 1756 ControlLogix O
'k ix Standard
{ and cost at commissioning and during normal operation. You can perform standard and = Confrollogix Standard Controllers
A « 1756 GuardLogix Safety Controllers
safety control in the same chassis for a truly integrated system. Leverage the high-availability - °
and extreme environment capabilities to meet your application needs.

1756 ControlLogix Control System

1756 GuardLogix Integrated Safety System

GuardLogix® Integrated Safety Systems provide the benefits of standard ControlLogix® systems, plus safety features that support SIL 3 safety
applications. GuardLogix safety contrallers offer integrated safety, discrete, motion, drive and process control, as well as seamless connectivity to
plant-wide information systems, all in the same controller. Use EtherNet/IP™ or ControlNet™ networks for safety interlocking between GuardLogix
cantrollers. Connect field devices over EtherNet/IP or DeviceNet™ networks.

1756 GuardLogix Integrated Safety System
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1785 PLC-5 Controllers

Rockwell Automation announces that as of June 2017, the PLC-5 Control System will be discontinued and no longer available for sale.
Customers are encouraged to migrate from the PLC-5 Control System to the ControlLogix Contral System.

1785 PLC-5 Controllers

GuardPLC Safety Control Systems

Cur GuardPLC™ Safety Control Systems offer superior speed in PFLC throughput and
network functionality. These controllers meet worldwide PLC standards and global standards
for functional safety. This family is ideal for sensing speed, direction, zero-speed,
temperature, pressure and flow applications. These controllers communicate on a Safe
Ethernet communications netwark that is TUV-certified for use in safety applications up to
ENS54 Category 4 and SIL 3.

GuardPLC Safety Control Systems

SoftLogix Control System

1753 GuardPLC 1600 Safety Controllers
1753 GuardPLC 1800 Safety Controllers
1753 GuardPLC OPC Server Software
1753 GuardPLC Safety /O

1753 RSLogix Guard PLUS! Software

Cur SoftLogix™ controllers use a comman control engine with a common development
environment to provide high performance in an easy-to-use environment. A typical SoftLogix
system uses a virtual chassis application that houses contrallers and communication
modules, which interface with other Logix controllers and /0 modules. /O simulator modules
inthe virtual chassis make application debugging and system start-up easier.

SoftLogix Control System

Micro & Nano Control Systems

Our micro and nano PLCs provide economical solutions to basic control needs for your simple machines ranging from relay replacement to simple control timing and logic. Compact
packaging, integrated /O and communication, and ease of use make these controllers an ideal choice for applications such as conveyor automation, security systems, and building

and parking lot lighting.

Micro800 Control Systems

1789 SoftLogix Contrallers
Communications

Qur Micro800& Control Systems are easy to install and maintain. One software package
applies to the entire family. These systems offer just enough control for your lower-cost,
stand-alone machines. You can buy only the functionality you need, and use plug-in modules
to personalize your system for specific application needs.

Micro800 Control Systems

MicroLogix Control Systems

Micro800 Plug-in Modules
Micro810 Controllers

Micro820 Controllers

Micro830 Controllers

Micro850 Controllers

Micro850 Expansion /O Controllers

=

O
.17

For a praven, small programmable logic contraller salution, look to our MicroLagix™ family.
The MicroLogix 1200 controllers provides features and options to handle extensive range of
applications. The MicroLogix 1100 and 1400 controllers increase the application coverage
with enhanced network communications at an affordable price.

MicroLogix Control Systems

Pico Control System

MicroLogix 1000 Controllers
MicroLogix 1200 Controllers
MicroLogix Expansion VO
MicroLogix 1100 Controllers
MicroLogix 1500 Controllers
MicroLogix 1400 Caontrollers
Compact /O Modules
Communications

The Pico™ family of programmable logic controllers offers a practical solution that is easy on
your budget. The standard Pico controllers are small, simple and flexible. They fit a wide
variety of applications. The PicoGFX™ controllers offer graphical, multi-function displays and
options for inter-connectivity. These controllers lead the Pico controller family in flexibility and
capability.

Pico Control System
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Small Control Systems

The perfect solution for your mid-range applications, our small controllers offer the features and flexibility you need without the overhead of larger systems. Choose from standard and

safety-certified controllers in chassis-based, packaged and modular designs. Typical applications include complex machine control, batch processing and building automation.

Compact GuardLogix Safety Controllers

Cur Bulletin 1768 Compact GuardLogix® Safety Controllers is a CompactLogix™ controller that also provides safety control. As part of the Logix
family, Compact GuardLogix controllers use a common control engine with a common development environment to provide high performance
multi-discipline contral for SIL 3 safety applications. GuardLogix Safety PACs offer integrated safety, discrete, motion, drive and process contral, as
well as seamless connectivity to plant-wide information systems, all in the same controller. Use EtherMNetIP™ aor ControlNet™ netwarks for safety
interlocking between GuardLogix controllers. Connect field devices over EtherNet/IP or DeviceNet™ networks.

Compact GuardLogix Safety Controllers

CompactLogix Control Systems

Cur CompactLogix™ and Compact GuardLogix® contrallers use a common contral engine .
i s r] with a common development environment to provide mid-range application control inan
e easy-to-use environment. Tight integration between the programming software, contraller and
/0 modules reduces development time and cost at commissioning and during normal
operation. This commanality provides cost-effective integration of a machine or safety
application into a plant-wide control system because itintegrates safety, motion, discrete and
drive capabilities in a single controller.

CompactLogix Control Systems

SLC 500 Control System

1768 CompactLogix Controllers
Compact /'O Modules

17659 CompactLogix Controllers
5370 CompactLogix Controllers
Communications

« Motion
« Power Supplies

Bulletin 1747 SLC™ 500 PLC is a chassis-based, modular family of controllers and /0. With .
multiple processor choices, numerous power supply options and extensive /O capacity, the .
SLC 500 family provides a powerful solution for mid-range stand-alone or distributed
industrial control. As one of the first full-featured small controllers on the market, it remains the
gold standard in logic controllers more than a decade after its introduction.

SLC 500 Control System

1752 SmartGuard 600 Controllers with Safety

1747 5LC 500 Controllers
1746 SLC IO

Chassis

Communications

Power Supplies

Bulletin 1752 SmartGuard™ 600 safety controllers feature 16 safety-rated inputs, 8 safety-rated outputs, 4 pulse test sources and an optional
EtherMNet/IP™ paort. Each contraller also includes a DeviceNet™ connection to support both standard CIP and CIP safety. You can configure and
program on EtherNet/IP, an DeviceNet or through the built-in USB port. These small, cost-effective intelligent controllers can perform safety

interlocking between GuardLogi=® or other SmanGuard safety controllers.

1752 SmartGuard 600 Controllers with Safety

Fig. 9-6 Families of Allen-Bradley 1/0 Cards
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Shown here are the Siemens’ families of processors. The smaller S7-1200 is followed by the S7-

1500 and 300 and 400 processors:

SIEMENS
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SIMATIC Basic Controller

Basic Controller SIMATIC S7-1200 delivers
convincing results thanks to his comprehensive
range of technological functions and integrated |0s,
as well as featuring a compact, space-saving
design.

The Advanced Controllers
among the S7 controllers

The Advanced Controllers are especially suitable
for medium-scale and complex applications.

The SIMATIC S7-1500 controller is the long-term
successor to the SIMATIC S7-300 and the
standard for the discrete manufacturing systems —
it convinces with its unique performance and
innovative design and handling.

The SIMATIC S7 controllers are future-proof,
modularly expandable, vibration-proof,
maintenance-free, scalable, and, of course, they
can be configured in the TIA Portal. They are the
ideal solution for every automation task.

Shown below are the distributed processors offered by Siemens. Included in the distributed
controllers are processors that need no panel in order to operate in the plant environment:

Distributed Controller

The distribution of intelligence essentially
contributes to increased machine and plant
flexibility and is thus becoming a decisive
competitive factor.

Increasing networking facilitates the incorporation
of autonomously operating intelligent units on the
field level in integrated communication.

The SIMATIC ET 200 I/0 system can be expanded
with integrated intelligent controllers. From this the
Distributed Controller develops

Siemens also offers a software controller in the S7-1500 family. In this configuration, the

controller and HMI are bundled together in the same unit.
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TOTALLY INTEGRATED AUTOMATION

SHMENS

Fig. 9-7 Families of Siemens Processors

Most PLC vendors also have a list of legacy products the manufacturer supports. When chips
used in the design of a particular PLC are no longer available, most vendors are unable to
support their legacy product list. Then the products can only be bought from third-party vendors
(including E-Bay).

Not shown are products that are coupled to the PLC to make a complete system. ltems such as

HMI screens, motor control drives and other devices make a system that will be used to control a
process.
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Wiring of AC I/O Points

For AC circuits, wiring is straightforward. Wire from an output of the sensor to the input of the
PLC. Wire from the PLC output directly to the output device.

110 VAC Source Input Device PLC Input 110 VAC Neutral

Fig. 9-8 Wiring for A-C
Inputs and Outputs

110 VAC Source PLC Output Output Device 110 VAC Neutral

There are few differences between manufacturers since most AC devices respond to a high input
with an on or 1 value. Neutrals are included in most circuits to give the circuit a proper 0 V
reference value.

While wiring of PLC AC inputs and outputs is not difficult, testing of the device to determine its
status in many cases is difficult. With any industrial environment, noise is a constant problem
and while 'on' is usually seen as a reading of 110 V on your favorite DMM, 'off' may not read
0V. In fact, the DMM may read values almost up to about half the actual voltage of the system
even with the output off. Off may be the state being read but noise may be present giving values
that are far from 0. If the application is near an arc melt steel furnace, values seen while the triac
output is off may range into the 40 to 60 VAC range. The key feature of the reading when an
output is off is that it is not consistent. That is, the values move around with no stable reading
for more than a second or two.

Wiring of DC I/0O Points - Sourcing and Sinking

To better understand sourcing and sinking terminology in DC applications, remember the npn
switching circuits from a solid state circuits course. When the npn transistor is used as a switch,
Ic is maximum when Vce is minimum. From the bipolar junction transistor, the load line graph is
as follows:

lc «——— Switch ON

Fig. 9-9 Load Diagram for npn
BJT Transistor

Switch OFF

/

Vee

Ch 9 Planning the Panel 15



True high refers to sourcing which is opposite of the graph above. When current is on with true
high, voltage is high. Another term used in conjunction with true high and sourcing is pnp which
refers to the type of transistor used in true high circuitry.

True low refers to the npn transistor with load line shown above. The two types, True High and
True Low may be summarized as follows:

Sourcing or  -on with High Voltage, Current On
True High:  -off with Low Voltage, Current Off

Sinking or ~ -on with Low Voltage, Current On
True Low:  -off with High Voltage, Current Off

An alternate name for True High is Sourcing or pnp and an alternate name for True Low is
Sinking or npn.

A switching circuit using the npn transistor is shown below. In this circuit, when input A turns
on or high, Vout sinks to low or close to 0 volts. The transistor conducts. This is an example of a
simple True Low circuit. A switching circuit using the pnp transistor is also shown. In this
circuit, when input A turns on or high, Vout turns on to 5V. The transistor conducts. This is an
example of a simple True High circuit.

True Low True High
e - owe -
8Ka 8Ka
Vour Vour
Input A Input A

Fig. 9-10 Switching
Circuits for npn and pnp
Transistors

e VCC
+ 5VDC

Care must be taken to provide proper connections between output leads from one device and
input leads to another device. If one device is true low, the other device should be capable of
accepting that signal. Usually true low devices connect together as do true high devices.
Indiscriminate mixing of devices may lead to trouble because of differences between sinking and
sourcing circuit characteristics. It is always best to review and analyze the circuit to determine if
devices are at high voltage (V) when they conduct or turn on and conduct at low voltage near
ov.
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The following four circuits show true high and true low inputs and outputs attached to the PLC.
If a True Low output from a PLC is wired to turn on a light, the first circuit may be used. If a
High output from a PLC is wired to turn on a light, the second is used. If a True Low input to a
PLC is wired from a device, use the third circuit. If a True High input to a PLC is wired from a
device, the fourth circuit is used.

True Low
Output
Terminal N LTl Voltage
P m/ Source
v (+24V)
/ AN
True High
Output 71
Terminal Voltage
N\ / Neutral
,,,,,,,,,,,,,,, N m
) o
/ AN
True Low
PB1
\I\IIOIt?gGi 1 - Input
(Oe\l;Drg) © 0 Terminal
True High
PB1
\goltage - ______t , Input
( zc;u\r/(;ec) © o Terminal
+

Fig. 9-11 True High and True Low Wiring Diagrams showing Current Flow
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Wiring in Panels

While students are usually interested in programming the PLC and solving the logic associated
with turning on devices, the work of designing the panel for housing the PLC and the other
equipment necessary to run the process may be considered an after-thought. Care must be taken
to properly lay out the panel for maximum use of the interior of the enclosure while giving
enough room inside for the equipment and wiring. Panel builders are experts at layout of a panel
and should be given some latitude in the construction of panels. However, common sense should
be applied by the engineer when planning the layout of a panel.

1. Enough room should be allowed in the panel for a terminal strip along one side.

2. Panduit or wire-way should be laid out on both sides of the terminal strip. One side
should be left empty so the field wiring has sufficient room for entry into the panel
through this wire-way. The other side should be wired to the terminal strip from the
PLC or other devices as needed.

3. Circuit breakers and other devices in the panel should be properly labeled
corresponding to their name on the electrical schematic.

4. AC wiring should be separated from DC wiring.

5. Analog wiring should be run in separate wire-ways and away from AC and discrete
signal DC wiring.

6. When analog wiring must cross other wiring, it should cross at 90 degree angles.

7. Analog wiring should, in general, not be terminated except at the PLC. Do not use
terminal blocks for intermediate terminals for analog.

8. Vendor specifications should be thoroughly reviewed for heat and cold limitations. If
the panel is to be located outside or in a non-heated building, the panel may need to
be heated with a small heater under thermostat control.

The layout on the next page shows a grid of a panel. Notice the room allocated to Panduit-type
wire-ways and terminal strips. Panel size is always an important decision. It is best to not make
the panel too large. Remember that a larger panel costs more to make and requires more space
on the production floor. However, also remember that an undersized panel can cause great pain
later if there is not enough room to add changes that may become necessary later on. The trade-
off between having sufficient room and having too much room is a difficult one.
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Fig. 9-12
Panel Layout with a Grid

Layouts are accomplished best on a grid. When equipment is placed on a grid, use 1, 1.5 or 2-
inch grid lines to layout the panel. Do not forget the distance between terminal strip and wire-
way. You may be the one who must move a wire or terminate a wire under one of the terminals
in the panel. If your fingers can’t put the wire in the terminal, then the wire-way is too close to
the terminals. Include a back-plate when purchasing a control panel. Back-plates may or may
not be sold with the panel but are needed since devices tend not to be mounted directly to the
shell of the panel. Hoffman and Hammond are two panel enclosure manufacturers. Terminal
blocks are made by a number of companies including Phoenix Contact, Entrelec and
Weidmuller. Design of the terminal strip includes devices mounted on a DIN rail of the terminal
strip. Included devices are isolation devices that are DIN mountable as well as some small
power supplies that are DIN mountable. DIN mounting rail is used in almost all areas of a panel
to mount devices including the PLC itself.
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Tap Rules

Determination of wire size in a panel as well as to field devices deserves consideration. Wire
size is determined in general by the current load of the wire and the insulation rating of the wire.
The National Electric Code includes tables for determining the proper size of wire for all
electrical applications.

Usually, #14 AWG (American Wire Gage) or #16 AWG wire is sufficient for panel control
wiring. Number 18 AWG cable wiring is also used from time to time. Wiring to motors and
other control devices must be sized for the application. In general, a power feed is brought into
the panel and fuses or circuit breakers are used to distribute the load to each of several circuits in
the panel. It is important to note that for AC circuits, use of 220V distribution panels (as used in
most home applications) is not considered good practice in a control application. The use of two
sources of 110 V that are 220V apart may cause accidents that could be avoided if only one
source of 110V power is used. Many times, in the heat of the moment, an electrician may be
trying to restart a system and jumper a source of 110V into a circuit. If the circuit is already
powered from the opposite 110V source and a contact closed between the two sources, a contact
could see 220V of electric energy. The consequences are usually colorful. Contacts may weld
closed as well, not a pretty sight.

The National Electric Code also permits feeder taps that comply with the 10 and 25 foot tap
rules. These two rules are common to electric installations and provide convenience for
electrical installations using terminals to distribute electric power to a number of devices. These
two rules allow the tap feeding a device to not be rated at the current rating of the tap but at the
rating of the device being fed.

The 10 foot tap rule allows any size wire to be used to tap from the source while the 25 foot tap
rule allows for wire to be used to tap from a source that is rated 1/3 or more of the rating of the
tap. These two rules are summarized in Article 240-21 (b) Feeder Taps in the 1999 NEC. Other
sections amplify the tap rule for taps supplying transformers and for conductors outside the
control panel. The rules should be read carefully and applied for all electrical installations. The
tap rules allow for distribution of electrical power in a control panel in a practical yet safe
manner. An example is shown in the figure below:

60 Amp Feed Not to exceed Device fed by wire
\mp ee 25 ft. with rating of at least
Terminal BLock > 20 A. (1/3 of 60 A)

Not to exceed
10 ft.

A J

Fig. 9-13

Device fed by wire of Ten and 25 Ft Tap Rule
any size
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PLC I/O Loading

Care must be taken to adequately provide power for all inputs and outputs in the system. Many
times, this isn’t a consideration until a power supply starts to turn off frequently or fuses
continue to blow or circuit breakers trip. Care should be taken to avoid these events from
occurring. Also, care should be taken to not provide so much power that the system is
unnecessarily increased in size and costs increase proportionally.

When an input is wired to the PLC, the current draw of the input device is determined not only
by the type of input device but also by the input impedance of the PLC. The current draw of
each input is then added together to calculate the total current draw for inputs. If the input is a
switch, the current draw is found using the input impedance of the PLC. If wire lengths are
extremely long, then the resistance of the wire also is included. Do not forget to double the
length since current travels out and back to the device.

As confidence builds in sizing current loads for devices, some approximations can be used. For
example, at 120 Vac, a solenoid valve output device usually draws about .2 A per device when
on. When energizing, the device draws about 1 A for a short period of time until the device is
seated in the ‘on’ position. As long as large numbers of solenoids do not turn on at a time, the .2
A. draw can be used for calculations.

From the 1761 MicroLogix 1000 User Manual, the input specifications for the MicroLogix
inputs:

MicroLogix 1000 Programmabde Cantrollers User Manua

Input Specifications

— Spacification
serphon 100120V ac Controllers 24V dc Controllers
Voltage T9 w132V ac 5
Range 47w B3 Hz LB
14V & min.
TOW ac min. 24V de nominal
!
OnVatage | 339y ac ma. 26.4V dc max. @ 55°C (131°F)
30,0V do max. & 30°C (86°F)
Off Voltage 20 ac WVde

5.0 mA min. & 79 ac 47 Hz

2.5 mA min. & 14V de

On Current 12.0 mA nominal & 120 ac 60 Hz 2.0 mA nominal & 24Y dc
16.0 mA max. & 132V ac 63 Hz 12.0 mA max. & 30V de

Off Currant 2.5 mA max. 1.5 mA max.

Mominal 12K chms & 50 Hz

I mpedance 10K chs & 60 Hz —_—

Inrush o .

Maimum 250 mA max.” Mot Applicable

¥ Ta reduce the inrush madimum to 35 mA, apply a 6.8K ohm, 5w resistor in series with the input.

The on-state woltage increases t 52V ac & a rasult.

From this specification, it can be seen that the input for a 24 V dc input is 3K ohms.

Fig. 9-14a PLC Input Specification
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PB1

Volt
oltage

Source o o Input
(+24 VDC)

Fig. 9-14b

Voltage PB1 R =3KQ

Source 5 o /\/\/\/ 0VDC
(+24 vDC) >

I =24V/3KQ =8 mA

Fig. 9-14b PLC Input Loading Calculations

When an output is wired to the PLC, the impedance of the output device must be known or
approximated. From the 1761 MicroLogix 1000 User Manual, the output specifications for the

Micrologix outputs:

Hardware Reference
General Output Specifications
Type Relay | MOSFET | Trisc
Voltage See Wiing Diagrams, p. 2-7.
oo™ | Contc Ftng ) | 1OAperpain @S5 COTI*A) | 05A perpoint @55 C (131" F)
Carrcat Tabla. 1.54 per paint & 30° C (86° F) 1.04 per point & 307 C (B6° F)
Minimum
Load 10.0 mA 1mA 10.0 m&
Curreat
Curreat per 34 for LIGEBE
Controller 1440 VA BA for LI2BEB 1440 VA
Curreat per 34 for L1GEBE "
Common | BOA B4 for LI2BEB Nt Applcable
Maximum
O State 2mA @ 132V ac
OmA 1mA 4.5 mA & 254V ac
Curreat
Off 1o On 8.8 ms & 60 Hz
R 10 ms meax. 0.1 ms 10,6 ms @ 50 Hz
gﬂmﬂl 10 ms max, Tms N.0ms
Surge a a
Curreat per | Mot Applicatie A4 for 10 ms 104 for 25 ms
Point
¥ Repeatability ts once every 2 seconds at 55° C (1317 F),
", I/_‘\I/
QOutput o
ry s
W= 2watts
Output W\( o
On = 24D
I = 2W/2ay
=323 mA

Fig. 9-15 Output Loading from Specification Sheet
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Load is determined by the device attached to the output. Remember the example of the solenoid.
Notice that A-B takes a bolder approach regarding leakage current and recommends a 15K 2 W
resistor. This value will definitely drain the 2 mA of leakage current. Two 100K ¥ W resistors
will also do the job.

Relays

Relays are used in many applications as interface devices between the output from one system
and the input to the PLC or from the PLC output to a second system's input. While relays may
be a good choice for this type of interface, caution should be taken when using them.

The duty or loading of the relay should be considered when choosing a relay. Duty may range
from heavy, intermediate, low level loads or dry contact loads. A dry contact is described as a
contact load in which no switching occurs under load. For any loaded switching device, some
arcing occurs each time the device is switched. Care must also be taken to choose a relay that
will not switch off to on more times than the rated number for the relay. Also consider current
level of the relay and the coating on the relay contacts. Silver-cadmium oxide easily handles
high currents but tends to fail at low current levels. Gold alloys are more suited to low current
levels but are not acceptable at high currents. If the current rating required for the relay spans
both low and high current ratings, results may be other than acceptable.

The following example identifies potential problems with using relay contacts for switching
loads. "There is no relay contact that can be used for switching all load levels. Each load level
requires tailoring of the contacts for that specific application.” The example shows the
inadvertent misuse of a relay and the consequences of the misapplication. The following is from
a Navy or Navy Allocation and Resources Model (NARM) document.

“DOWN TO THE SEA

In spite of the early hour, a small audience witnessed the departure of the submarine on its training
voyage. Wives and friends along the channel waved their farewells to the crewmen still on deck. At last
they were past the breakwater.

A klaxon signaled ‘dive’ and the topside crew vanished. The last hatch cover clanged shut. Then silence
except for the throb of the diesels as the sub sailed on. And on. And on. And on.

We won't describe the language that shattered this placidity once it was realized that the sub definitely
refused to submerge.

WHERE DID IT ALL GO WRONG?

Back at the base, the failure was traced to a DPDT, 1/2 crystal can relay in the dive control
circuitry. We received the relay and a 4-page, typed, single- spaced (but friendly) letter shortly
after.”

The Navy story goes on to describe the aftermath of the sub’s mis-adventure. In the analysis that
followed, it was discovered that the 2A dry contact relay did not pass current at low current
levels. The gold alloy plating had burned off the contacts due to a high current when the relay
was used to turn on a lamp. Surge currents when the lamp was first energized were high enough
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to effectively burn the gold plating from the contacts and cause the relay to fail.

Proper selection of relays to interface circuits is an important consideration. Care should be
taken to properly protect contacts from dust and improper usage. From the Navy’s experience, if
a contact is used for one set of conditions, it should not be expected to then be used for a very
different set of conditions. Since relay use is part of any PLC installation, proper selection of
relays is needed. Just ask the Navy.

An alternative to selecting a relay is to provide a solid state switch to interface various devices.
Since the switch must be terminated, a circuit board must be provided and various power levels
provided. Since the complexity of such installations can grow and cause maintenance problems,
the usual recommendation is to select a relay. If a module can be found that does not include
contacts, however, the solution should be considered since problems with relays and relay
contacts are non-trivial.

The view below is of an electromechanical relay or EMR used in many applications. Contacts
arrangements are reviewed below as well. The relay pictured is the “Form C-DPDT”.

Fig. 9-16 Electrical Relay

The relay above works based on the magnetic force produced by the magnetized core attracting
the moveable contacts connected to the pivoting arm shown. The Form-C contacts are shown in

the figure below.
= G .
— s || —— Moveable Contact

| [MH]< Fixed Contact

-

ER

Energizing Coil
lce-Cube Relay with “C™ Type Contacls

ﬂﬂﬂjﬂﬂﬂ

Fig. 9-17A Drawing of Relay Above

Realpars : What is a Relay System
https://www.youtube.com/watch?v=1lbdwPfFegY
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Narmally  Narmally SPST DPDT Form C Farm C
Open Closed 5PsT CeoT

Relay
Caoil

Fig. 9-17B  Schematic of Relay Components

The picture at left shows a relay that can be
mounted on a DIN rail. It has the advantage of
being able to remove the relay by shapping it
out of the two side retaining clips. Wiring stays
in place. The coil wiring is located on one side
and the contact wiring is on the opposite side.
The wiring diagram is printed on the side of the
relay.

Some say that voltage levels are not to be mixed
on the side with the contacts. That is, one
should not wire both 24 Vdc through one
contact and 110 Vac through the other contact
set. This is always a good idea and should be a
goal although, with the need to start a system
and the relay in place, there are those who do
mix and match voltages on the contact terminals
of a single relay.

Fig. 9-17C DIN-rail Mounted Relay

The figure below shows a relay turned on and off from a transistor switching circuit:

+5.0
Relay Caoll
and
+Vee Contacts NC
Flywheel ¢ NO
Diode
Rs Common
1

Fig. 9-18 Schematic of Relay with Transistor Switch

Ch 9 Planning the Panel 25



Shown below is a solid-state relay used to turn on a triac or ac switch:

Output
Device
Opto- - Triac
Input coupler
Device
(00) -
® ”

Fig. 9-19 Schematic of Solid State Switch

Solid state switches are designed for turning on and off at the zero cross-over point of the sine
wave allowing only minimal inductive or capacitive interference with the circuit. Still, it is wise
to use a MOV or RC snubber circuit when turning on output devices.

While this is not a magazine advertising products, these two manufacturers should be considered
when building a control panel. Both, Phoenix Contact and Red Lion have a special place in my
heart since | have used both extensively when designing panels in the past.

g gﬁ% Cabinet Confidence

‘ | Build Your Cabinet with Confidence

i § With a focus on cost effectiveness, quality. flexibility, and performance, Phoenix Contact delivers the high-quality

| products you need to build your control cabinet with confidence. All of Phoenix Contact's products are developed with
a history of expertise and a commitment to innovation, so you can easily make your system more robust and reliable.
Navigate the menu below to explore solutions for every aspect of cabinet building.

Cabinet Confidence eBook >>

T

| ks Ny §
N e i 115

English | Deutsch | F&HATISC | Frang:

My Account | Cart | Contact Us

RESOURCES SUPPORT  ABOUT US BUY DISTRIBUTORS Search

News & Articles

Events

CR HMs tackle factory
automation
challenges.

Learn More ©
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"Push-in terminal block technology dominates

Dec. 7, 2020 excerpts from article in Control Design Magazine - Anna Townshend

Many industrial machine builders have moved toward the use of push-in technology for
terminating wires on a terminal block, as opposed to a more traditional spring cage or screw
terminal. The newer technology does not require the many tools needed for older methods, so it’s
usually more efficient and requires less user expertise. Three manufacturers, Phoenix Contact,
Wago and Dinkle, discuss some of their terminal block push-in connections with options for
space-sensitive and rugged applications, side-entry insertion, leg and cage clamp spring designs,
and making the connection with unferruled wires.

To ferrule, or not to ferrule

The Phoenix Contact PTFIX series distribution terminal blocks use push-in connection
technology, which provides a quicker way to terminate wires, says Will Morris of Allied
Electronics & Automation, a distributor for Phoenix Contact. “You don’t have to use a
screwdriver, so it really adds to your efficiency,” he says. “It’s a simple push-in wire terminal,
instead of a spring case or a screw terminal, so it saves a lot of time.” Morris says push-in
connections are up to 50% quicker than traditional methods, and they also help with fewer
problems from terminations falling out.

A spring cage requires a tool to press open the terminal in order to insert a wire, and screw
terminals require a screwdriver to open and close the terminal. “When you are terminating large
amounts of wire, this can be very time consuming,” Morris says. “Push-in technology is a simple
one-step process.”

The push-in connection can work with ferruled and unferruled wires. “Ferrules are used to crimp
the end of the wire for more effective and quicker insertion and eliminating wire pull-outs,”
Morris says. Unferruled wires do require an additional tool for installation with this terminal
block.”

Side-entry connections are shown in the figure below. The article describes side-entry
connections this way:

“Sometimes space constraints might push a user toward a screw connection, even if push-in is
preferred, so Phoenix Contact also offers the PTV family of terminal blocks (Figure 2). “Side-
entry connection allows wires to come directly into the terminal block, eliminating the need for
extra space for bending wires into top-entry,” says Cory Myer, product marketing specialist for
Ch 9 Planning the Panel 27


http://www.phoenixcontact.com/
http://www.wago.com/
http://www.dinkle.com/

Industrial Cabinet Connectivity, which is Phoenix Contact’s group for DIN rail mounted
terminal blocks.

“Side-entry push-in

Figure 2: PTV terminal blocks with side-entry on the push-in connection require less room for
bending wires.”

The following Wago products also use cage clamp spring design:
“Tool-free and finger-operated

“Figure 3: The Wago 832 Series MCS Maxi 16 terminal block works with a cage clamp spring

design.”

Connectivity Fundamentals: Terminal Block Basics by Phoenix Contact:

https://www.youtube.com/watch?v=Evr6HRWi-Ww
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AutoCAD ELECTRICAL 20xx

First introduced in Chapter 2 and reviewed in more detail here is the electrical productivity
improvement package, AutoCAD Electrical 20xx. The package has been popularized to the
point that most electrical engineering majors need some experience in using it prior to entering
the workforce. The package is extremely popular in the Pacific Rim area as well as in Europe
and the US. It should be considered especially by those selling to or interfacing with companies

trading in any of these areas.

Generating of electrical schematic drawings can be a very repetitive task. AutoCAD Electrical
uses AutoCAD and the electrical package enhancement to design a new system and create all

components necessary for building the control panel and all schematic and wiring drawings. A

number of example solutions will be used to show the power of this approach. Shown are a
number of electrical schematics with AutoCAD Electrical 20xx used as the drawing generation

package.
[ AutoCaD Electrical - [C:\PROJECT 1\EMO04.D¥G]
EP Fis Edit Wew Iresrt Format Took Draw Dimersion Modify Projects  Wies  Components  PanslLayost  Window Help
W H ERD =00 s - XA RAMSID 8| | TEIRAEERE = VO® hmo
P
f; | =00 OPSTA3
- D T HYDRAULIC MOTOR
= il It Component 4 {77 2I0F
= 403 B 403 r-lﬁ&‘iﬁ\ 4034
= B a3
] =i Mukicke
feil b4 Treeet Comp...
;:é 404 - E + Scool B
= ol |
+ _’2 Ak Cesmponents MOTOR
[
2 405 ZZMCu-wut
&= i@ 8 mly.:bn.i-
. —_ s LA
2 !,o\(([ Ireset Cireuks * . __k:'ijl.':,
T Wb ) RETRACTED JBOX T WANTARE
+ 1oe _ Yy Crost Ltites |— L5406 40F _ RUN... :ﬂN‘ WNED A0EA
8| ™ — E Ts-A L e
i
A Fau (2
JEOKT RE Fﬁl‘]l; ] JROXT
C] LS4 i - (7A
;| 407 - o o 0 : H07A
= 54 TS-A
¥ RAM 03 )
™ B RETRACTED JHOK
_ L5408 408 i 4084,
| 408 — | £ {1 y &
W, S—A h T5-A

Fig. 9-20 Example AutoCAD Electrical Schematic Diagram

The drawing shows a sample ladder diagram being constructed using AutoCAD Electrical 20xx.

Basic choices from the Tool Palette are:

e Schematic - placement, tagging, and cross-referencing of sensors, switches,
relays, terminals, and PLC 1/O modules into the ladder diagram

e Panel - physical layout of components in control enclosures

e Wires - insertion of interconnected wiring and wire number assignments

The reason for using this type of software package is to reduce complex tasks that are repetitive

into simpler tasks.

Ch 9 Planning the Panel

29



Creating a Bill of Material
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Fig. 9-21 Example AutoCAD Electrical Bill of Material

Above shows the bill of material (BOM) generated as a schematic drawing is created. All the
information about each component necessary for the job is logged. Generated with the
schematic drawing are terminal strips showing wiring of each terminal with applicable wire
numbers along with locations of the devices. A catalog of components is included for the
designer to automatically scan. Catalog numbers are stored for devices from most major vendors
including Allen-Bradley, Square D, Siemens and others. This allows for quick look-up and
cross-referencing of an electrical part for inclusion in the design.
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Creating a Panel Layout
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DE;S.HQ-ZZ Creating a Panel Layout using
AutoCADD Electrical

The figure above shows an example of a panel layout. As components are changed in one

drawing, they are automatically updated in all associated drawings. This effectively increases

drafting productivity. Checking for missing components is eliminated since there is a link

between parts on schematic drawings and panel layout drawings.

R SAFETY
{1 RELAY NO.1
NO410
MCABS NC
] CR407 R
407A N SAFETY
nors RELAY NO.2
NO411,633
0
408A ey SAFETY
) l__.' 1 J"\_’/'I l‘z - RELJ‘I:"'Y \IU:
OPSTA3 NO
LT409 NC
i SAFETY
XKD OKAY

|
Fig. 9-23 Checking for Missing Components
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Using the Wires Tab: Fig. 9-24

Insert Wire

Insert Multi-Phase Wire
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Fig. 9-25 Choosing Different Selector Switches from Menu
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Authority Having Jurisdiction

There are a variety of AHJ individuals for a local area. AHJ is short for Authorities Having
Jurisdiction (AHJ). They in general use the latest versions of the National Electrical Code®
(NEC®) which at present is 2011 and 2014. The requirement is that industrial control panels be
marked with a Short Circuit Current Rating (SCCR) and the AHJ will be checking to be sure that
the panels in a new install will be marked appropriately. Since 2006 all UL Listed industrial
control panels are now marked and labeled with a Short Circuit Current Rating. The Short
Circuit Current Rating is the maximum current the control panel can safely withstand without
excessive damage. If the available fault current of the electrical system where the panel is
installed exceeds the SCCR of the panel and a short circuit occurs, catastrophic damage to the
panel may occur and electrical workers and others are put at risk of injury. These rules are new
and not all controls engineers have heard the extent of these changes or, perhaps, decided that the
changes are for them.

It is the responsibility of the consulting or electrical controls engineer to verify that all industrial
control panels are applied in a manner such that the panel’s SCCR is greater than the system’s
available fault current. It is the responsibility of the industrial control panel manufacturer to
provide accurate SCCR information to the consulting engineer and the Authority Having
Jurisdiction through required labels.

Once the panel is in place, care must be taken with regard to entry of the panel. If the panel is
rated with a SCCR with sufficient voltage (>50Vac), it may be entered only by qualified persons
or unqualified persons that have been advised and are escorted by a qualified person. This rule is
outlined in NFPA 70E-2012 Ch. 1, Section 130. The individual is required to use shock
protection techniques and PPE clothing. The distance requirement is determined to protect
individuals from 2" degree or higher burns. The ratings and applicable equipment will be called
out in the various parts of the current NEC code as well as NFPA 70E and UL 508A. The suit
shown below is a worst case scenario for troubleshooting live electrical components with the
new rules:

Fig. 9-28 - Cat. 4 PPE Suit
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What is required to make the control panel safe for use?

The following three steps define the procedure to follow to design a safe panel:

1. Determine the Operating Voltage of the System

2. Determine Shock Protection Boundaries

3. Determine the Personnel Protective Equipment

To be able to not need the NFPA 70E rules, the panel and contents must not have components
operated at greater than 50 Vac. Otherwise the rules below apply.

The boundaries for shock protection are shown in NFPA 70E-2012 Ch. 1, Section 130 - Table
130.4 partially shown below:

* Table 130.4(C)(a) Approach Boundaries to Energized Electrical Conductors or Circuit Parts for Shock Protection for
Alternating-Current Systems (All dimensions are distance from energized electrical conductor or circuit part to employee.)

(Y]

)

3

Limited Approach Boundary”

@ ®)

" Restricted Approach

Boundary®; Includes

Nominal System Voltage Exposed Movable Exposed Fixed Cirenit Inadvertent Movement Prohibited Approach
Range, Phase to Phase® Conductor® Part Adder Boundary®

<50V Not specitied Not specified Not specified Not specified

50 V=300 V 3.0 m (10 ft 0in.) 10m (3 ft 6 in.) Avoid contact Avoid contact

301 V=750 V 3.0 m (10 ft 0 in.) 1.0 m (3 ft 6 in) 037 (1 ft 0 in.) 25 mm (0 ft 1 in.)

751 V-15 kV 3.0 m (10 ft 0in.) 1.5 m (5 ft 0 in)) 0.7 m (2 ft 2 in.) 02 m (0 ft 7in.)

15.1 kvV-36 kV 3.0m (10 ft O in.) 1.3 m (6 it 0 in) 08 m (2ft7in) 0.3 m (0 ft 10 in.)

36.1 kV-46 kV 3.0 m (10 ft O in.) 2.5 m (8 ft 0 in.) 0.8 m (2 ft 9in.) 0.4 mi (1t 5in)

Fig. 9-29 Sample of Table 130-4: “Approach Boundaries”

The boundary of approaching a panel is to be marked in accordance with NFPA 70E. The table
defining the boundary is only partially shown above and shows the extent of the rules concerning
the boundaries around panels.

Jim White, Shermco Industries, writes the following concerning updates to the new edition of

NFPA 70E:

“Once again the NFPA 70E Committee has made significant revisions to the table method in the
2018 edition of NFPA 70E Standard for Electrical Safety in the Workplace. Since the 2000
edition of NFPA 70E the task tables have been both a boon and a bane. They were a boon,
because in the absence of an incident energy analysis, the tables were often the only method
available to choose arc-rated clothing and PPE. They were a bane, because they were difficult to
use in the field and reduced the Hazard/Risk Category (HRC) number by 1, 2 or 3 numbers based

on perceived risk.”
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We see with the new NFPA standard a change in some design parameters as those listed in the
partial Table 130.5(c) table below:

130.6 ARTICLE 130 — WORK INVOLVING ELECTRICAL HAZARDS

Table 130.5(C) Estimate of the Likelihood of Occurrence of an Arc Flash Incident for ac and dc Systems

Likelihood of
Task Equipment Condition Occurrence*

Reading a panel meter while operating a meter switch. Any No

Performing infrared thermography and other non-contact inspections outside the
restricted approach boundary. This activity does not include opening of doors or
covers.

Working on control circuits with exposed energized electrical conductors and circuit
parts, nominal 125 volis ac or dc, or below without any other exposed energized
cequipment over nominal 125 volis ac or dc, including opening of hinged covers to
gain access.

Examination of insulated cable with no manipulation of cable.

For de systems, insertion or removal of individual cells or multi-cell units of a battery
system in an open rack.

For de systems, maintenance on a single cell of a battery system or multi-cell units in
an open rack.

There has been a relaxation of arc flash PPE requirements on unlabeled equipment at maximum
120VAC unless there is reason to believe the available fault amps are dangerous.

Shock hazard PPE is required above 50 VAC up to 150 VAC with the approach boundary being
defined as “avoid contact”. In other words, if you intend to touch live parts, wear voltage-rated
gloves. (Alfred Craig, JDI Group, Toledo, Ohio)

We see that the threshold is now 125 Vac for working on a panel without PPE gear. Notice that
the change from 2012 to 2018 may change again. This signals that the prudent see each new
edition of NFPA 70E as a new read and their responsibility to be aware of those changes that
may occur.

Determining the SCCR

The method for determining the SCCR or Short Circuit Current Rating is to apply the
standardized tables of UL508 A standard for industrial control panels. SCCR calculations may
be somewhat ambiguous at times and consideration of future changes may be necessary in
determining the SCCR. In many cases, the corporation has decided to have a consultant
determine the SCCR at various points in the facility. A one-line electrical drawing is left which
records these ratings and is kept up-to-date as changes take place in the plant.

As stated earlier, every electrical machine or system in the USA may be checked by an inspector
known as the AHJ (Authority Having Jurisdiction) before it can be commissioned. Acceptance is
based on the NEC (National Electrical Code, also known as NFPA 70), the relevant application-
specific guidelines such as NFPA 79, as well as any local standards or specifications.

Some control panels may be required to be certified by UL as well. Some states may require UL

approval of a panel. Manufacturing an industrial control panel that meets UL requirements is
more than a question of simply using UL-approved products.
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To receive a panel UL certification, an approved panel builder may be used. They need to
comply with various conditions in order to do this. The panel builder’s workshop is visited
several times a year by a UL inspector and checked for practices in accordance with UL 508A.
Some of these visits will be announced but others will not. The panel builder then pays an annual
fee plus the charges for the UL inspector’s visits. Other options may include having a UL
inspector officially review the panel at time of construction and apply the UL sticker.

The industrial control panel may also be inspected on-site by the AHJ and accepted by a local
inspector at each place of installation. In other words, the manufacturer relies on the opinion of
each inspector. Complaints then have to be remedied on site. Usually, the arrangements of
inspection are part of a contract or are arranged by someone other than the control engineer.
Sometimes this process falls under the job of the project manager or construction manager.

The Panel Label

The industrial control panel shall have the following information (minimum requirement):”

e Name of the manufacturer

e Full electrical characteristics for each incoming feeder

e Field wiring diagram number or designation

e Place of manufacture (only if the manufacturer produces industrial control panels at
various locations)

e Industrial control panel degree of protection £ Enclosure Type rating

e Short-circuit current rating (UL 508A SB5.1 and NEC 2008 Art 409.110)

e Warning of hazardous arcs (Flash Protection — NEC 2008 Art. 110.16 and NFPA 70E)

e Field connections: Power, control current, grounding, neutral

e Fuse table along with class and size of fuses

e Cautionary markings, e.g. multiple feed-ins, capacitor discharge, electric circuits that are
not deactivated by the main disconnecting means.

e All devices which are not part of the industrial control panel but which have to be
connected to the panel at the site of installation (e.g. circuit breakers). For other
markings, see UL 508A Table 52.1.”

Short Circuit Current Rating of the Control Panel Power Circuit

An industrial control panel must be marked with a SCCR - Short Circuit Current Rating. NEC
2008 Art. 409 describes the specifications of short circuit current rating mark on industrial
control panels (with reference to the UL 508A, SB4). For short circuit rating, not only the short
circuit breaking capacity, e.g. of the circuit breaker, but also the short circuit rating of every
individual device in the power circuit is relevant. The SCCR-relevant components in the power
circuit include circuit breakers, contactors, overload relays, solid-state switching devices,
terminals, busbars, the line side of control transformers and frequency converters.
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Need for SCCR - Arc Flash

Arc Flash Injuries:

o Electric shock

° Severe burns

° Blindness

° Blast injuries

. Shrapnel wounds

. Lung blast injuries

. Ruptured eardrums

° Pressure wave injuries

Fig. 9-31 Arc Flash Explosion
What Is Arc Flash?

Arc Flash is the result of a rapid release of energy due to an arcing fault between a phase bus bar
and another phase bus bar, neutral or a ground. During an arc fault the air is the conductor. Arc
faults are generally limited to systems where the bus voltage is in excess of 120 volts. Lower
voltage levels normally will not sustain an arc. An arc fault is similar to the arc obtained during
electric welding and the fault has to be manually started by something creating the path of
conduction or a failure such as a breakdown in insulation.

The cause of the short normally burns away during the initial flash and the arc fault is then
sustained by the establishment of highly-conductive plasma. The plasma will conduct as much
energy as is available and is only limited by the impedance of the arc. This massive energy
discharge burns the bus bars, vaporizing the copper and thus causing an explosive volumetric
increase, the arc blast, conservatively estimated, as an expansion of 40,000 to 1. This fiery
explosion devastates everything in its path, creating deadly shrapnel as it dissipates.

The arc fault current is usually much less than the available bolted fault current and below the
rating of circuit breakers. Unless these devices have been selected to handle the arc fault
condition, they will not trip and the full force of an arc flash will occur. The electrical equation
for energy is volts x current x time. The transition from arc fault to arc flash takes a finite time,
increasing in intensity as the pressure wave develops. The challenge is to sense the arc fault
current and shut off the voltage in a timely manner before it develops into a serious arc flash
condition.

OSHA is the agency checking on production facilities and ensuring that there are no potential
problems involving arc flash. Their area of responsibility coincide very closely with the work
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done by the controls engineer involved in building the panel and applying the label on the
panel’s front.

Fig. 9-32 More Examples of
Arc Flash

Compliance with OSHA involves adherence to a six-point plan:”

A facility must provide, and be able to demonstrate, a safety program with defined
responsibilities.

Calculations for the degree of arc flash hazard.

Correct personal protective equipment (PPE) for workers.

Training for workers on the hazards of arc flash.

Appropriate tools for safe working.

Warning labels on equipment. Note that the labels are provided by the equipment owners,
not the manufacturers. It is expected that the next revision of the National Electric Code
will require that the labels contain the equipment's flash protection boundary, its incident
energy level, and the required personal protective equipment (PPE).”

Remember that Arc Flash is present in ac voltage > 50Vac. A worst-case example of working
with protective gear is the example below. Imagine how hot one would get in this outfit in the
middle of summer in a hot automotive plant in, for example, Mississippi. The answer is “not
well” or “not for long” with the encouragement to design a panel for use that would not require
this level of safety precaution.
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Design for Arc Flash

The key to building a panel is the parameter >50Vac (now 120Vac). If the panel can be
completely built using components that meet this criterion, that is, every component is less than
50 Vac, then no need exists for suiting up using the suits pictured above or any other of the
procedures and rules outlined above. There is a definite need for panels to be designed in this
manner. Most panels today are following the design criteria of less than 50 Vac throughout the
panel design.

Where this is not possible, the rules above apply. For example:

Fig. 9-33 Industrial Control Panel
with High SCCR Rating

This panel has a 100kA SCCR rating using common components in accordance with UL 508A.
Several definitions for Circuit Types
Several different types of circuits are used in the control panel and are defined below:

Feeder circuit - The conductors and circuitry on the supply side of the branch circuit overcurrent
protective device.

Branch circuit - The conductors and components following the last overcurrent protective device
protecting the load.

Power circuit - Conductors and components of branch and feeder circuits.

The power circuit can both be connected directly to the supply or via power transformers. Motor-
driven loads are mostly classified as power circuits.

Here, respective protective devices are to be used, e.g. circuit breakers according to UL 489.
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Control circuit. A circuit that carries the electric signals directing the performance of a
controller, and which does not carry the main power circuit. A control circuit is, in most cases,
limited to 15 amperes. There are various ways of realizing control circuits:

« Direct tap-off upstream the branch circuit protective device.

» Here, respective protective devices are to be used, e.g. circuit breakers according to UL
489.

 Direct tap-off downstream the branch circuit protective device.

» Here, also so-called supplementary protectors can be used, e. g. miniature circuit breakers
according to UL 1077.

» Via control transformers or DC power supply units. Caution: Various protective devices
may not be approved for this application.

Class 2 control circuit - A control circuit supplied from a source having limited voltage (30 Vrms
or less) and current capacity, such as from the secondary of a Class 2 transformer, and rated for
use with Class 2 remote-control or signaling circuits (not to be confused with SCCR discussion
but definitely <50V and not included in the SCCR discussion).

Class 1 control circuit (acc. to UL 508A) - A control circuit on the load side of an overcurrent
protective device where the voltage does not exceed 600 volts, and where the power available is
not limited, or a control circuit on the load side of a power limiting supply, such as a transformer
Class 1 (needs SCCR consideration if control voltage > 50 Vac).

Branch circuit protection - Overcurrent protection with an ampere rating selected to protect the
branch circuit. For a motor branch circuit, the overcurrent protection is required for over-
currents due to short circuits and faults to ground only.

Field wiring - Conductors to be installed by others to connect the industrial control panel to
source(s) of supply, remote control devices, and loads.

An example of a Motor control with class 1 and class 2 control circuits:

. Class 1
T control
i E; i"; irf circuit
[ , _ . Fig. 9-34 Class 1
o, d, o, |——————— - 4 and Class 2 Control
T A I [ i i
I S | [ | classt Circuit Example
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Main circuit | | Main circuit
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Class 2
control circuit
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Wire Colors

The following are accepted wire colors in a panel in the US or elsewhere:

Color

Conductor

Remark

Green
with or without one or
more yellow stripes

Grounding conductor
May only be energized in an emergency (not a PEN
conductor)

Green/yellow is permitted in
accordance with IEC 60204-1.

Black

All ungrounded control circuit conductors operating at
the supply voltage

Red

All ungrounded AC control circuit cables operating at a
voltage less than the supply voltage

Blue (dark blue)

Ungrounded DC control circuit cables

Yellow or orange

Ungrounded control circuit cables which are energized
when the main disconnect is in the "off" position.

In IEC 60204-1, orange is used for
this purpose.

White or gray or three
white stripes on
conductors, but NOT on
green, blue, orange or
yellow

Grounded AC current-carrying control circuit
conductor regardless of voltage

White with blue stripes

Grounded DC current-carrying conductor

In IEC 60204-1,light blue is used for
this purpose.

White with orange or
yellow stripes

Grounded AC current-carrying conductor that remains
energized when main disconnect switch is in the "off"
position.

Fig. 9-35 Table of Wire Colors for the US Market

Leads on tested components, multi-conductor cable, leads used to connect electronic devices,
and conductor sizes 20 - 30 AWG are not required to comply with this requirement.

Color Coding for Control and Signaling Devices

General information on START/STOP buttons — UL 508A 66.12

“START — Start operators shall be located above or to the left of the associated stop buttons.

An Industrial Control Panel provided with operator controls shall also be provided with an

emergency stop button.

The emergency stop button shall have an actuator that is a mushroom or palm type, and of the

self-latching type.

The emergency stop button shall be red with a yellow background.”

Color coding:

There are no UL 508A definitions for color coding control and signaling devices. If US specific
color coding is however required, reference shall be made to NFPA 79. The following table is

taken from NFPA 79:
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Color coding for devices according to NFPA 79 Art. 10:

above

Color Device function Typical function Example
Red Pushbutton Emergency stop, stop, off Emergency stop pushbuttons, Off
pushbuttons for one or more motors
Indicator light Danger or alarm, unusual
situations; immediate actions
shall be taken
Illuminated Motor overload protection trips due to
pushbutton overload (the color RED for the emergency
stop button shall not be dependent on an
indicator light).
Amber Pushbutton Intervention in abnormal Return machine to a safe condition.
condition. Warning Bypasses other functions which were
previously selected.
Indicator light Abnormal/critical condition, Automatic cycle or motor running; some
imminent change in condition values (pressure, temperature) are
approaching a specified limit. Ground fault
display. Overload that is permitted for a
certain period.
IHluminated Caution, start of process to Certain values (pressure, temperature) are
pushbutton prevent a dangerous situation approaching the specified values. Pressing
from arising the pushbutton bypasses functions which
were previously set.
Green Pushbutton ON, START General or machine start. Start of a cycle or
a sequence; start of one or more motors;
start of auxiliary sequences; excitation of a
control circuit.
Indicator light Machine is ready for operation, Message reporting a safe condition or
safe condition. approval for subsequent processes. The
Safe operation machine is ready for operation, all
conditions are normal, or the cycle is
complete and the machine can be restarted.
Illuminated Machine or machine part is ON or START permission, when
pushbutton ready for operation illuminated, starting of one or more motors
for auxiliary functions.
Black Pushbutton No special function assigned May be used for all functions except for the
sole function of OFF or STOP
White or Pushbutton Functions not mentioned above Control of functions that are not linked to
transparent the operating cycle.
Indicator light Message reporting normal Normal pressure, temperature
conditions
[lluminated Message reporting that an Excitation of auxiliary functions or electric
pushbutton electric circuit has been circuits that are not linked to the operating
activated, motion cycle.
Blue or Pushbutton Functions that have not been “Reset” for overload relay
gray dealt with by the colors listed
above
Illuminated Functions that have not been “Reset” for overload relay
pushbutton dealt with by the colors listed
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With all the information we have above, how does one go about designing a panel? The only
answer is to design a panel within the rules of the NEC and the local accommodations given by
the electrical inspector for the area. Required is a good general knowledge of the NEC and a
relationship with the local inspector(s). Also, a willingness to design panels not as they were
designed years ago is necessary. The general move is toward panels with compartments for the
>50V equipment and separate compartments for the <50V equipment. The <50 V side can be
trouble-shot as in the past while the newer rules must be accepted when working on the other
equipment. Education and certification is a must. The rules as established cannot be ignored.

Minimal Panels or No Panels at All

Based on the complexity of the machine, one machine could have 50-5000 wires of all different
colors and characteristics. This requires significant amount of detailed engineering and planning,
not only for the I/O, but also for the routing and wiring diagrams for inside the cabinet.
Furthermore, exhaustive debugging follows the electrician’s work of wiring the cabinet.
Alternatively, a distributed or machine mount control strategy eliminates several of these steps to
simplify overall machine design and build process. At the foundation of the distributed
architecture is the network or the fieldbus system that allows for exchange of I/O as messages
among networked nodes. Today, almost every machine has adopted some level of distributed
controls architecture.

SIMATIC ET 200pro - Compact and multi-functional

Modular and multifunctional distributed 1/0 system with degree of protection IP65/67:

SIMATIC ET 200pro is an especially small, extremely rugged and high-performance 1/0 system
with IP65/66/67 degree of protection. It comprises Interface Modules to connect with
PROFIBUS or PROFINET environment with standard as well as failsafe functionality.

Interface modules are also available with CPU functionality. ET 200pro is characterized by a
comprehensive range of modules: power modules, digital and analogue I/O modules, motor
starters, frequency converters and an RFID module enable the most flexible response to
automation requirements.

Due to its rugged design the ET200 pro can be used when mechanical load is high. Hot swapping
of electronics and terminal modules during operation increases plant availability.

Fig. 9-37 ET200 PLC System
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CPUs

ET 200pro Interface Modules are offered with CPU functionality in standard or failsafe variants.

CPU 1516pro
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The ET 200pro distributed 1/O system is being expanded with CPU 1516pro-2 PN and CPU
1516pro F-2 PN. The new CPUs are based on the S7-1500 CPU 1516-3 PN/DP and offer two
PROFINET 10 communication interfaces.

Standard 1/O
Electronic modules

8-channel electronic modules can be combined with the 8 x M12 or 4 x M12 connection
modules. This gives you the choice of single or dual assignment of the M12 sockets.

Digital electronic modules with 4, 8 and 16 channels for 24 V and 4-channel analog electronic
modules are available for voltage, current, and resistance thermometers.
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Power modules

Power modules allow load groups to be built up as required by supplementary supply from the
load power supply.
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Failsafe 1/0

Fig. 9-40 ET200
FailSafe I/O

The failsafe modules of ET200pro can be used to implement the safety-related application
requirements as an integral part of the overall automation.

Motor Starters

Compact, intelligent motor starters

The intelligent ET 200pro motor starters are used for starting and protecting motors and loads of
up to 5.5 kW. They are available as Standard and High Feature electromechanical motor starter
and High Feature electronic motor-starter versions.
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Fig. 9-41 ET200
Motor Control
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Where a panel is built and eventually installed may change the design:
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Fig. 9-42 A Typical Panel of Today

In the United States, the big three are NFPA (National Fire Protection Association), NEMA
(National Electrical Manufacturers Association), and UL (Underwriters Laboratories). Read
NFPA 79E - latest edition, NEC — latest edition, and UL508A — latest edition to keep up with
panel design and changes to that design.

In Europe, the latest version of IEC 61439-x is to be followed.

Can the two sets of codes be blended? Unfortunately, they cannot be blended although there are
some uniformities in the way they approach common problems. You must read and be informed
continuously on these codes as they pertain to your application.

Sinking and Sourcing explained by RealPars

Sinking and Sourcing PLC Inputs Explained | What is the Difference?
https://www.youtube.com/watch?v=B65detMhnoc

Sinking and Sourcing PLC Outputs Explained

https://www.youtube.com/watch?v=oyaltbhqowo0
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Summary

This chapter looks at the construction of a panel and how the construction intersects with the
need for safety in the workplace. The need to comply with safety rules over-shadows the other
design criteria and has become the determining factor in the design of the control panel. PLCs
are still the main element in a panel but their design and the control design in general has been
modified to satisfy the need to comply with new safety criteria.

While the student may seem at times disconnected from the real-world aspect of panel design,
construction and check-out, he or she might be only months or years away from such an activity.
And, many times, a company may take the attitude that safety is not important or not in their best
interest. This is never the case and every attempt should be made to encourage and demand that
rules be followed. The need for a safety course each year is a requirement of NFPA 70E, 2012.
There is no compromise on safety!

If one enters the large corporate enterprise, the decisions may be made by another person who is
responsible for a particular portion of the design of a system. However, if the engineer enters the
smaller enterprise, then more of the responsibility must be assumed by the new engineer. There
is much to be considered and answers may not be immediately apparent. Doing aa design the
way they always have been or just following the accepted way may not be the correct path.

Whew! What a lot to consider and get right. No wonder controls engineers are paid a lot. Their
responsibilities are only growing with the need for a safe panel that works!

Exercises

1. What wiring technique should be used when running AC near to or on top of low-voltage
DC signal wiring?

2. What is the minimum AC voltage that will register a 1 or ‘on’ for an Allen-Bradley 1746-
IA16 card? (look-up on A-B’s website)

3. What is the value of a resistor needed to drain all the leakage current from an Allen-
Bradley 1746-OA16 card with VAC = 120? What is the wattage of the resistor?

4. What special precautions must be used for handling analog cable inside a control panel?

5. What or who is an AHJ?

6. From a manufacturer’s catalog, look at the specifications for a relay and find the
following:
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10.

11.

12.

13.

Coil Voltage:

Contact Rating:

Motor Rating (find at least one with this rating):
Number of normally open contacts:

Number of normally closed contacts:

Extra features:

Cost:

Why wouldn’t the submarine submerge?
Why isn’t it a good idea to settle for Category 4 PPE?

What color push button is associated with “Emergency stop, stop, off”?

List the elements of an Arc Flash panel tag.

What three documents are primarily used in determining the design of a control panel?
How do the three differ?

Are all class 2 control circuits safe, i.e. there is no need to provide arc-flash rules for the
panel?

Why is a distributed system advantageous over a central large control panel?

This work is licensed under a Creative Commons Attribution 4.0 International License.
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