Solving EMI

and grounding problems
Steel conduit 1s an effective shield
for 60 Hz electromagnetic fields

By Richard E. Loyd

rorhlems with elecimmnag
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industrial healthfergonomic is:
sues, Inaddition, anissue of egual
comcem is the podential conlama:
notion and cormupiion of elec.
tronic ard coammmnicatias dota
im all envircnments, ncludng
busingss centers, manulicuring
plunts. amd bevond, Accurite
trunsmission of dala, uneormopded
by EML is o magor infommation
techmology issue.

EMI and grownding resaarch

Elecirical professionals are
currently dealing with These .
suizs, Hovwever, Tew ire swane of
some research prosnling new
tocls i helping to avind and
overcomie these Es| ]m1|'|i|:|||-.
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Studhies conducted over three
vears by D AP Sakis

Meliopoulos of the School of
Electrical and Compuler BEng-
neering ol Georgin [nstitute of
Technology (Georgi Tech), Al
Tanta, G, ame noaw comgpleie anial
will ussisl ebecineal comtractonms,
engineers and others i solving
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clectronic cyuipment and jre
the most definitive resenrch on
grounding in more than 30
vears. This malerial provides
cuantitative data for architects,
designers, contructiors aml elec-
tricians to wse For guidance
wherens bafore trial-and-error

data wnd o means ol evaluating
actual designs by computer. The
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with actosl  messurements of
electromagnetis Dields {EME} e
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Fig.1 The dramatic cfiect of EMI on
high-tnch pquipment |s shown by the
distortion of a typical bar chart {toph
and |Htery and wawy text om a

computer monttar.

Software analysis program

The resulis o this reseanch have
been combined with earlier Casor-
i Tech studies om groaimding amd
are available s o free softwsr pro-
pram calked GEMI (CGrounding
ardElecimodngnetic Inerlenence)
analysis sofwame, Elecingal
Fessionals now huve guaniiialve
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Fig. 2 Opening screen of he
Grounding and Eleclromagneic
Interference (GEMI}anahysis soffwans
program. One West cossl consulling
compary nabes (hal atleslion o thae
selection of conduit bype, Installation
practices and s configurations
at the time of construction are the
be=t aplicns for mansging magnatic
fickds from commercial building
electrical circuits.
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Fig. 3 Somia of the fypa of information avallablz in the GEMI software.

As an equipment grounding
concluctad, comparably  sized
GRC, EMT and IMC pypes of
steel eondut allow he flow of
higler Gult current than copper
o luminum eguipment geound-
i consbuctons, as detailed in e
MmN |,:|;|1|i|1|:|1|,:||l r_l'\'l:llﬁl.l:lil'lg
comcuctor 1able m 19090 NEC
Table 250122, In addition, no
supplemiental grosinding corxdue-
10w 15 meeded woh GRC, EMT o
IMC runs designed with the
el praramieters,

The GEMI research shows
steel 15 thee most effective shield
for &1 He electromagnelic
fields, Steel concuin wis proven
to reduce these Nelds o somne
EilnEs |:|:|.' mvore Chan Q0% Adu-
minumn recuces these lelds in
somne cases by less than 5%,
while nonmeta e iwaterial s are
inefiective as shields againsg
Erl {See Fig. 3.

The 1909 NEC Sections 23)-
2y and the e 1o Table 25{-
122 cleardy require an equipiment
grounding  comductor of suffi-
cient siee 1o be capable of safely
carrving the maxinmin ol cur-
el akely to be impesed on il
Tl prath nsd be permanent and
comitmsos, [F most have suffi-
cremily o imprecance o facil-
tate: the operation of overcirrent
deviees wiwber Gl conditions.

Example: A typical 20H-A
1 200 2008-% Tecder installed in
clectrcal  metallic tubing
(EMT) swithowt an enclosed
coguipment grownding condoc-
torcoald be mun 3900 6 and in the

event of a groumd Fawlt the
GEMI  siudy  shows  ihe
overcurrent wolld aperate In o
timsely Fashion, While a stmilar
200-A etreuit nod enclosed in
steel conmdutl or iebing bue with
an equipimenl growmding con-
cluctar run witls the cipcuiat con-
tuctors, and sived o the 1999
NEC Table 250 1224 1906 MEC
Tahbe 250-05), could be salely
pue canly 200 feer. (Al caleula-
tons Pased on A00% of the
overcurrent device rating and a
- are voliage)

EMI problems

The sponsarship of the GEMI
peoject occurmed dae wo an EMI
prodlem that Meliopoulos was
mbked nsolve. A row of computer
statiors wins iestalled ina bscation
anclall were expenencing sems
merference. Afler extensive in-
vestigation and westing il was de-
termined that EMI Trom elecin-
cal wiring im o rack of aluminum
comluit uaning pacallel 1o the
compuber stations directly under
the Moer wias causing the distor-
Liom o0 computer monitors. The
comndual could not be moved and
the el Fice equipment could not be
reloeaied,

Razed  om these  Factors,
Meliopoubos recomimendod steel
plating be installed above the
comdwit separating the power
comliwctors from the sensitive
e pimbeil. This action solved the
company”s EMI probdem but ad a
very costly price. Meliopoulos
Encw from expericnos that hod

the conductors been in steel con- |
duit the problem wowld not have |
occurmed,

Another example involyved an
accidental fire in o rack of power
cibles, Extensive posf-modem
anulysis im this case congluded
ihie power cables were unevenly
Il ed Becunse of the interictsmn
of the magnetic feld ond the cur-
renl fowinge im the ciblies. 18 was
determined the power condulor
inititing e fire was cimying con-
tinueasly 65 higher curment than
nommil even thowgh the load had
notchanged and was operling noe-
mally. Owver time the sdbditional
heating in this power coble dam-
aped the insulation and a sebse-
gquent et amel dire pogurmed,

Comipetitive bidding pracices
oflen reguireg engineers and de-
sigrers (o recormmend the e of
products orconstrstion methods
thit seem o odeguately addness
ihi safety issues but perhaps hive
le== than ideal choracteristics in
suppart of o healthy electronic
equipment operationn] environ-
ment. The GEMI analysis sofi-
wire offersdesigness amethiosE 1o
support their recommensdations
tor wee steel condwit and adidress
oroumding swslem pssoes and
power-guality problizms such as
thie previous exaniplis

Aldthough steel condul miy
no e thee Jeast expensive wiring
method nvuilable, there ore thres
attribudes that minke it o bargain—
its proven eflectiveness as a
shield against magnetic helds, 1l
superor low impedinee path as
am exuipmen] grouncding condie-
sor, and iz life cvebe cost benelins,

The GEMIsofiware providesa
Fictual hasis 1o help dermonstre
1o banlching owners and develop-
ers the igher up-front costs can
[H] _'|I,I.'-\.1|.|I'H;!I_| ot e |l|llj:: Tl

Documanting EMI salutians

A noconsuliant for the Seeel
Tube [nstitute of Morth Americi,
I hive receivesd nemerous calls
Iroen Firens :-;ru,'l;i;||i..fi||g m E&
reclpcinon, I-!l..".l:-'n.:m.::nlil'.'l'n-'m: Tros
oz o receni ly wruh:ll!-u:,.' havie
b reconmmending e wae of
abee] comoutn Tor ey ol decis
shihding solutgons, al the GEMI
stuchy remlorees their expericee.
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Fig, 4 This GEMI| sottwane magnetic
fiadd profile shows that steal is tha
meask afiectivia shinkd against EMI.

A consultant for the Federal
Aviation Administraticn called
1 sy he had recommended the
wse of steel comduit to overcome
problems ocourring when con-
tral, communications, and nirfichi
lightimg cable cross or ron parllel
o each other. He wantad 10 knoms
if any rescarch was available o
prove whal he instinctively be-
lieved—ihat steel conduit was an
cifective shicld against mugnetic
fowces. Mo reseanch is available.
The GEM] software provides o
way 1o document and preve sofu-
tioms 0 EMI problems. It also
clirminates a lot of the time-com-
surming crunch wark.,

Twao modes of operation

The GEMI analysis sodiwine
operates in bwe disinste mikes
Iz 1, Ehe sofbweame enables the
user o quickly calculage amd size
cqquipment grounding conductors
wsing sleel mgid conduil. inlerme-
dinie metal conduit {TMC ), elecin-
cal melallic mbing (EMT), copper
conductors or aluminum comgduc-
fors 1o comply with the Kational
Electrical Code.

Frvmmcsdie 2, Uhie solPwerre erablas
thee vser o calculae the magnetic
liehd intensity in malligauss
o power careuits ancd evalu-
ileserileri o pllow the user tose-
Izt the maost elfective concut
design, Thie softwine con by wsed
foramalyze new or exesEng winng
imstallxtions from a single branch
circuit tothe entire elecincal sys-
tem where limear)& e amd non-
linear  (harmoms) koads e
present, A maggnetic Geld profile
amalvsis shoaws the ilensily froan
the cemter of the comlinil o any
distmee inhe vicinity, (5ee Figs,
4 amd &)




CEE Mrs

FEATURE

Impact on communicalions

EMI also can impact the qual-
iy ol dara ransimission over cii-
muanteation cables, Typically,
these are shiclded with aluimni-
nuim. Aluminum is an effective
shield for high frequencices: how-
evier, in a communications EMI
shicld application ot S0 HE. i1 is
ineffective. Power circuits in
closeproximity, such s inacable
iy, canand docormipa these sig-
nals, Aluminwm does  shield
coguipment in the surroending
civironment from any intefer-
eivce teal may ensanate fom the
communications cables. Bulalu-
miniim does virtwally wothing 1o
protect the commuications cir-
catits fromm disruptive BRI geiner-
ated by nearby poower cables. Tt
addresses only half the problem.
The most effective cure for this
siluation is to run both commumi-
cations and power circuits insteel
conduiteven thoegh it may not be
requtived by tee NEC,

Blecincal professionals can
becoane ey problem solvers and
sialution providers by using inlor-
ration and matcrials, sweh as the
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Fig. 5 The GEMI software's analysks of the
i allowabie steel condul length shows
e irbengity Trom the cnber of the conault o
any digtanes In 1 vicinty,
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Fig. & fnolher axample of the infoarmation
availatde on the Georgia Institute of
Techrnolegy™s Tres GEMI Analysis Software

Progran,

spltware, 1o make calculations
and provide answers o ground-
ing issues and EML

EMI costs

There have been no stedies 1o
give an accurate total of dollars
companics are spending o cor-
rect and provect against EMNL
However, based on the facts that
SHNE oFganizations have spent
hundreds of thousands of dollars
o comect a single EMI situation
in only one section of @ building,

the total costs are believed to be
signifcantly high.

Based on this information, it
becomes more evident the best
way e denl with electromagnetic
interference is 10 oddress it at the
engineeringddesign  planning
stnge when proctical and cost-gd-
fective shielding can be imple-
mented. The GEMI softwarne pro-
vides justification for any adidi-
tional initinl construction costs
for specifying steel conduit,

Reprrled wilh germission roen Fie Manch 1989 issue of CEE Mowa™
Copyrighl 1353, Inlaries Pubishing, & PRIMERA Gompany, Cwardand Park, K5, 81 ights reseryed,

Free software availabie

The GEMI analysis program
software i available free of
charge from the Steel Tube Insti-
tute of Morth Ameriea (5TINA)
i qualified users. To receive the
softevare or acopy of studies wsed
i wilidabe the program sofiware,
conitact the Steel Tube Institute of
Morth America, 8500 Station
Srreet, Soite 270, Mentor, Ohio.
A6, Phone: (407 97:4-6990,
Fas: (k40p 974-6994, E-mail:
slifmapk.net,



Members of the STI
Steel Conduit Advisory

« Allied Tube & Conduit

« LTV Steel Tubular Products

« Ocal/Thomas & Betts

 Perma-Cote Industries

* Picoma Industries

* Robroy Industries

 Shamrock Conduit Products

= Western Tube & Condunt

« Wheatland Tube
The GEMI analysis program
software 1s available, free of
charge, from the Steel Tube
Institute, 8500 Station Street,
Suite 270, Mentor, Ohio 44060,
Phone (440 970-6099{),

or fax (440) 974-6994,
Website: www.steel-tube-mstitute.com

Get wired for the future.
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