T ztle Intelllgent Motor Control CentersSmaft (IMCCs) The Present and the Future A

Authors:

David Blair Greg Witte

Commercial Marketing Manager Cement & Mining Industry Specialist
Packaged Control Products North American Sales & Support Group
Rockwell Automation Rockwell Automation

788 North Jefferson Street Building B Suite 1

Milwaukee, WI 53202 14828 West 6™ Avenue

Phone: 414.382.2107 Golden, CO 80401

Fax: 414.382.5843 Phone:

Areas of Interest

Application of fully integrated, low--voltage motor control equipment, open device--level |
control networks, and software monitoring package to make preventive maintenance possible in
the manufacturing process.

Abstract

Device--level integration through digital communication ikelds the key to unlocking the |
full potential in the electronic controls being installed in industrial plants today. Users in all
industries are seeking solutions that integrate software, hardware and communication
technologies to deliver plant-floor benefits such as improved process control and diagnostics and
increased reliability.- The packagingand-developmenting and packaging of new technologies in
device--level communication and sensing capabilities, along with dedicated software,
enableprevidefor intelligent control architectures to hat-eentreland-provide both abundant real-
time process information-abeutfor-the-proeess, as well as predictive maintenance information to
further improve productivity.

Background
F-Historically, mMotor cEontrol cEenters (MCCs) used-in the process industry have

ineorperatedused;-there-wasfirst hard-wire interwiring for control and monitoring of ON/OFF
status, and the MCCs s-ef-eontroHers-and-sometimes included transducers for process monitoring
feedbackﬂf—pfeeess—mem-tefmg Advances 1neluded mtelhgent power components have led to

; was-a trend in recent
years to include automatlon products such as AC drlves soft starters electronic overload relays,
and digital power monitors within traditional MCCrretereontroleenters. Thintegrating these
intelligent devicesis hass gaiven risebirth to a new breed of MCC., often called the Intelligent
Motor Control Center (IMCC). While called intelligent, these MCCsHewever; still what-was
lackeding-has-beenwas an-integratedinteligent-integration of the controllers, field sensors, and
the-software linking the whole process together. In addition, there has beenwas a need for
additienalintegrated software to analyze and provide a monitoring system for predicting
maintenance needs and driving other necessary strategiesy to improve the system reliabilityy-ef

the systent.




Increasing Process Uptime with Predictive Maintenance Solutions

The goal in any continuous the-process is to keep it running efficiently and productively.
This whieh-requires monitoring the operation as well as including the proper maintenance.
Accordingly, 0Operations personnel mustshettd migrate from a preventive maintenance culture
to a predictive maintenance culture. Fundamental toFhe-basisfer a predictive maintenance
program is integratingthat sensors ean-be-putinplace-to provide critical actuator or motor health
data-regarding the-actuator-or-metor-health. -This level of communication can provide operators
with-a continuous stream of performance data-or change--of--state data, reflecting due-te-any
degradation of the sensor or attached system and that-wil-alerting operators of thepending need
for maintenance. An-eEffective predictive maintenance will leverage this data so that electronic
sensors and controls can be left in place longer compared tothan-under a preventive maintenance
structureregime.

The potential savings with predictive maintenance solutions are twofold. First, —Fhe
firstis-that-the device can be left in place beyond the calculated statistical replacement scheduled
under a preventive maintenance program. Secondly, since devices are replaced less frequently,
the failure experience due to infantinfant mortality and misconnection isare reduced. This is
shown graphically in Ffigure 1.
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This paper focuses on the three major components that are integrated in an IMCC, and
specifically on device--level communication within an IMCC and discusses the potential tofer
use ofthe information inte an effective predictive maintenance program.

The three major components of an IMCC -are:

include

E[Fhe MCC structure w1th bu1lt -in communication media, a
Hintelligent motor control components and s
IMCC monitoring software and documentation.
: ST |
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The goal of the-integratien-efintegrating these componentsWithhen-these-elements-are-integrated

as-a-system; is to make the IMCC easy to install and maintain without specific training or local
expertise.- afferds When puttegetherassembled as a system, the IMCC -would provideatferd a
“plug-and--&-play” set-up and monitoring of via-dyramically-configuredsereensshewingreal-

time data, as well as --trending, component history, wiring diagrams, user manuals; and spare
parts_informationare—at-the-tonch-of-a-button.

-This integrated Ax IMCC wewld-minimizes facility downtime by quickly providing answers to
questions like:

=+ How is the process performing?

*  What tripped, and why did it trip?

* Has this problem happened before? When? Why?
* What parts are needed to fix the problem?

* Is anything else about to trip? How soon?

-What parts arc needed to fix the problem?

=+ Where’s the circuit diagram? The users’ manual?
=+ Do we have any spare units?

Given this potential for easy access to useful process information, the technology inside
the IMCC has now become the most lmDOI’tal’lth’vLH:lﬁ purchasmg criterioneriteria When usersfer
select anien-efthe MCC vendor.i : C ;

McEE. MThatissmany use-MCC-user spec1ﬁcat10ns now s—afe—focusmg on %h%sohd——state
overload relays and communication networks mere-than,for-example;over previously highly
requested criteria, such as the design of power bus bar connections.




The Three Integrated Technologies of the IMCC

The effectiveness of an IMCC for predictivemeter maintenance relieshingesis-predicated
on three technologies; which allowafferd integrated intelligence and simple operation, and allay
concerns about device-level networking, configuration and maintenance:

L :

A transportable sSoftware mMonitoring and documentation package;-that-ean-be

transported

II. Network-ready, solid--state motor controls and motor protectors; and
III.  Integration of ag-an open device--level network into the IMCC.




L. Transportable SsSoftware Mmonitoring Ppackage-thatean-be-transported
Via-readily-available operatorinterface software-Uusers today already have the potential
to monitor data and establish predictive maintenance practices with readily available operator
interface software. The reality, however, is that users seldom take the time to create customized
screens for this purpose. Predictive information is still an untapped resource in most facilities.
Some users do not see the cost justified by perceived benefits, other users are solely focused on
maintaining and improving the basic process control and others are concerned that the data

collectlon might negatlvelv 1mpact control speed —\Vheﬂ&e%eea&s&th%ees{—deesﬂ—t—}&sﬁﬁv—the

A solution to this-dilemmathe challenge of monitoring data is a transportable software
monitoring package: —thatis: a package with pre-configured screens that can be used in
conjunction with any IMCC. This approach would allow users to easily view IMCC information

without creatmg any customlzed screens. M@@me&&em&g—sef—&waf%wetﬂd—pfesem

%ha%ntelllgent deV1ces would be polled bv the software thelr deV1ce tvpe recogmzed (e.g.:iex 5
EVNRfull-voltage non-reversing starter (FVNR), AC dBrive, sSolid-s-State mMotor cController,
etc.) and a pre-configured screen would display the most critical real-time parameters. are
feeding-through the communieationnetworkand The polling algorithm could segregate the
monitoring and control, enassuring that monitoring scans do not affect control scans. By
supplementing this information with a database containing a-pre-loaded-database-withinthe

software-eontaining-job-specific prejeet-information (AutoCAD documentation, spare parts lists,
nameplate information, etc.), comprehensive system information for preventing and minimizing

downtime would be at the users’ fingertips.

For example, in the event of a problem, operators in the control roomupen-energizing-the
MEEC;- might want to see an overview of the IMCC; to determinesee which unit is issuing a
“warning” signal; and what-the-eauseisthe problem’s cause. Such information could allow the
user to correct a problem before unscheduled downtime occurs. This could be accomplished via

a screen the-meonitoring-seftware-that mimics the weuld-display-an-elevation view of mimieking

the IMCC, complete with nameplates and “pilot lights” on each “door” to show status. including
£Oen/+-Oeff, warning, tripped and; communication failure}-in-the-controlroom —As-shown(see-in

Ffigure 1-).
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Figure 1

Alternatively.ely presentation of monitored datait could be accomplished by a
“spreadsheet view.”” allowing maximum information on a single screen, as well as filtering and

sorting of data.

To probe further, users might want to

Efwes—&ﬁ&%er—llfe%eeter—e%ﬂ—se—usefs—eaﬂ—qulckly see key data such as amperes, time- to-

trip, trip cause, ground fault amperes, and 1/O status_pertaining to a specific MCC unit. In this
instance, cHere-eare must be taken in the development of the user interface to provide useful
information rather than an overloadjustmeuntains of data. For example, today’s AC drives
typieatycan haves more thanever 300 parameters, but only a dozen are typically viewed during
operation!

A solution to help users wade through the information overload would be to provide pre-
configured screens showing the parameters typically of greatest interest; while allowing users to
re-define the parameters to be displayed. Ideally, the user also should-alse be able to display
critical parameters via trending graphs and large “analog” dials for greater emphasis. An
example of such as screen is shown in Figure-2. Electronic Data Sheets (EDSs) — described in
the next section — aAlso could be available to the maintenance personnel over the network are
the—Eleetrome Data-Sheets (EDSswill be-desertbedinthe nextsectionofyof any connected
devices, which could be used to establish which process variables to monitor on a continuous
basis.
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Figure 2

In addition, operators will have the opportunity to track historical data for a specific

motor. —sSTemetimesthis information can be a critical clue holdsthe-whenkeyto identifying
the source of downtime. Historical tracking can answer the following questions:

e s a trip occurring every Sunday at 5:00 p.m.?

e Has this problem happened before? How was it fixed? Who fixed it?

¢ Was anything changed recently? The trip setting? The contacts?

HIf a trip does occur, the software eeuld-also could serve as a comprehensive information

system, minimizing downtime by providing information beyond real-time data. For example,

HSparepartsHsts—Feor help quickly identifying which replacement parts need to be ordereds,
the software could provide a list of electrical components contained inis-previded-for each unit.

MCC documentation—Another common source of excessive downtime and frustration is lost
documentation. The software could Fe-ehiminate-time-spent-searchingfor documentationusers

ean-view-contain unit wiring diagrams, user manuals; and as-built AutoCAD documentation.

To further aid as afaetitate commissioning and troubleshooting tool, the software eould
also could be capable of initiatinginelades limited control-eapabiities, allowing the software to
take control away from the programmable logic controller (PLCYPEE. Awitha security barrier
would be necessary to te-prevent unauthorized access to these control functions.




With the trend toward locating MCCs in low-traffic areas, clearlv the software must be
viewable remotely, i—ideallyFhe MEC-menttoring software-canreside in a control room_or; at
an engineer’s desk i—in addition to beineviewable-via-a laptop plugged into the IMCC-. This
means the software must be viewable over facility-wide networks such as Ethernet, as well as on
the supervisory control networks-sueh-as-ControlNet; and/er at the -device--level networks-such
asDeviceNet-. This ability to bridge device--level data across all levels of a plant is a key
consideration when mstallmg a new control svstem—tha{—deﬂee—lexfel—d&ta—eaﬁ—be—bﬂdge—aeress—&ﬂ

Note that the software would aetbe intended to augment supervisory graphic software

and coexist on the same Windows NTteoreplace-operatorinterface software along wither
product-spemﬁc software %such as drive or power——demand monitoring software).-—asthoese




II. __ Network-Rready.;eompaet Ssolid--Sstate Mmotor Ceontrols_and Muzotor
Pprotectors

The information available to the IMCC software and to a predictive maintenance program
is dependent upon the use of the the-raw data produced by intelligent devices in the MCC and
associated system.
The design of the supervisory and connected device networks must permit timely receipt of
alarms produced by end devices and the interrogation of the selected device Eelectronic Ddata
SsheetEDS). The concept that sensors and actuators produce data and-is the major shift from
our past models that will fuel the predictive maintenance program. Figure 3 is an example of a
device network “WHQO” screen which graphically shows devices connected.

P

Figure 3

Beyond the-graphically showing the health of the network, the “WHO” screen will permit
te-eastly the user to easily navigate and select any connected device object. The ElectronicData
SheetEDS of the selected object can thean bebe displayed with current eperateringoperating
parameters. As mentioned in the previous section, this is meant to augment the capability of the
IMCC monitoring software. An example of a Smart Overload EDS is shown in Figure 4 other
devices and their associated EDS are shown in Appendix A.
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Figure 4
Smart Overload EDS

-Since tFhe most common device in the MCC is the motor starter, se-the-intelligence withinef the
starter is paramount. Over the past few years, a number of solid--state technologies have been
introduced into the motor starter. Early versions performed basic overload protection but added
an adjustable trip and quicker phase-loss protection. These devices proved to be very popular
because of their comparable cost to traditional overload relays. Later, overload relays added
protection such as jam, stall, ground fault; and phase imbalance. More recently, overload relays
began incorporating communication capability. These overload relays allowed the user to
monitor current, percent thermal capacity utilized; and identify the reason for a trip. Still, these
devices were not true network-driven products; as only a few parameters were adjustable,
parameters couldn’t be changed over the network: and communication required an external
module. Furthermore, the cost of this overload technology often limited its application to large
or critical motors.

Overload relayFeday tFechnology has evolved. Today.-te-where networked solid-state
overload protection can be provided cost-effectively be-provided-on all loads throughout the
plant, and-not just on critical loads. With features such as built-in communication, buHt-ininput
peints;-programmable alarm and trip values, and patented-ground--fault sensing technology,
users now have unprecedented information and control capability to:

* Correct situations generating “warning” alarms before anything trips — such as a jammed
conveyor or clogged filter;
* Identify how soon a motor will trip (in minutes and seconds), helping identify the urgency:;

* Log events to determine patterns;-Js-the-metor-alwaystrippineSunday-at-5:00-pm-D

* Identify the cause of the trip from the control room, giving maintenance personnel a starting
point;




* Coordinate ground--fault protection, so an individual load trips rather than a whole MCC
line-up;

* Pinpoint the source of grounding problems to individual circuits; and

*  Monitor the current draw on each load to check for process problems;

These overload relays may even include built-in input points-as-weH. “Whv?— Frequently, users
need input points in units to monitor the status of the disconnect switch, contactor, or hand-oft-
auto switch. For these situations in the past, users tradittonaly-have-had to either wire to an
input/output (I/O) chassis or add a small I/O module in each unit. Adding I/O to the overload
relay — fand to communication modules associated with AC drives and solid--state controllers —
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his-issue-by-incorporating 1/O-points-the
eliminates hard-wiring to the I/O -chassisfurther-inereasingthe-reliability-of the-system

allowing all control and monitoring to occur over the network.rk




1I1. Integration of an Open Device-Level Network in the MCC

A significant number of users have now successfully implemented device-level networks
in MCCs. The rReasons for implementing this technology, in lieu of traditional hardwiring to an
I/O chassis, included access to more information, simplified interwiring and —stnplified
documentation, and ease of adding or /moving units.

Various phvs1ca1 medla approaches have been implemented, with the most common The

. e consistinged of reuting-athe
trunk l1ne in the hor1zontal w1reway, and aetenelmg—“dalsy chain” drop lines in the vertical
wireways. The DewvieeNetcable has generally been round, and rated 4 amperes, 300 volts,
NEC/CEC Class 2. Connectors between the trunk line and drop lines have either been terminal
block style or quick-connect style. This media approach seemedWhte logical during initial
implementation of device-level networks, but as networks in MCCs become mainstream, special
tooling and improved designs can be justified to improve reliability, usability, and cost of each of

these physical media elements.-Fhe-new-buit-inDeviceNetconceptimproves-on-each-of these
aspeets;-whietowering installed-cost:

To improve reliability of the cabling system, trunk and drop cables could be placed
behind barriers, rather than remaining exposed in the MCC wireways. This would minimize the
danger of accidental damage to the communication cable when large power cables are pulled
through the wireways. ( Flgure 5) i .




TAlse-toTe improve reliability and increase flexibility of the cabling system, the “daisy
chain” architecture also could be enhanced. Shortcomings of the “daisy chain” architecture are
twofold: the chain can accidentally be broken and equipment unintentionally shut down and—plus
adding a device requires shutting down an adjacent unit. One solution is to provide Six-Device
nNetwork ports atare-previded-in the rear of each vertical wireway: (Figure 6). This approach ;
allows the trunk and drop lines to remain safely behind barriers, while simplifying installation,
relocation, and adding of MCC units. Users would simply plug in the unit, and then plug in the
communicationBDewieeNet cable.

P
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he traditional 4A round cable. Commumcatlon cThe cable used tor the trunk lince and drop lines

isHat-cablerated 8-amperes; 600-volts;-Class-ables- The-inereasedraratedtingof 8A _are now
available. When; combined with an-new 8A DevieeNettested-power supply unit, this eliminates

the nuisance and cost of providing multiple power supplies in most MCC line-ups. Flat cables
also are neow-available. ThisThe-choice-offlateable enables use of insulation displacement
connectors (connectors that clamp onto the cable, piercing through the insulation jacket),
minimizing breaks and splices in the trunk and drop lines. The flat cable also slashes
manufacturing time because a DevieeNet-wire stripper allows the cable to be stripped in a single
motion. Finally, cables with Fhe-Class 1 insulation ratings are now available, eliminatinges the
requirement for separation from power cables.

Conclusion

The maturineand-integration of the three maturing technologies discussed in this paper; -
software, control hardware, and communication - has given the IMCC the potential to offer
significant benefits for large industry processes such as cement manufacturing. The optimization

of cost and functlon of the IMCC components has Vlelded— ioda&is—NGG&ser—shoﬂ-ld—%eet

and——plav solutlon that will offer savings durmg design, start-up and operatlon which will quickly
exceed the higher acquisition cost of the smart components. —avelvinefullyintesrated
hardwaresoftwareand-communication—The end result is a motor control scheme that
configures easily, The-endresuylt beinga morereliable lowercost-desienthat starts up smoothly
and provides highly useful information to predict maintenance, improve productivity, and
maximize uptime.




Appendix A

i

Adjustable Frequency Drive EDS

Soft Starter EDS




Smart Bearing EDS

Device Network port

4 input points

Ideal for monitoring contactor status,

disconnect switch, overload trip and

Hand-Off-Auto switch

2 output points

Direct control of motor starter coils up to
NEMA size 5

DeviceNet Starter Auxiliary (DSA)

DeviceNet Starter Auxiliary




