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| SOLID STATE ABSORBING CLAMP FIELD OF THE INVENTION The
present invention relates to measurement of electrical and/or
electromagnetic 5 interference particularly though not solely to an
apparatus for testing power disturbance. BACKGROUND TO THE
INVENTION It is well known in the art that for an electrical appliance to be
sold in a given jurisSelidD § TAFECABSOYRBINGUiIUsMBNdards. Over
recent times one of the most 10 important has become Electromagnetic
Compliance (EMC) or the level to which the appliance interferes
FIEIdDtORTRHTERINAIENENXENed) or electrically (conducted) With other

appl&nce One metpod of1 meas| surin radlate }: emissions
1 sent 1n 101_relateS 1o medsure. I'lC e ec romagnetlc
is to S|mBy provide an an enna m Proximi y qumen

inteF&stndle Partiank dy dlyngh me taiolp st tol@Appm&us:ﬁ:mmﬂmmhm dlssthﬂ)ance.
use of an "absorbing clamp"”. This works on the principal that the primary
source of high frequency emissions is the signal that is coupled onto a

BACOKGRE@UNBOIOTOHEANNENTdO)enerated within the EUT. Then an

|nd|(iat|on OIInEF dlsturl%hng %a%aal%llﬁy of th UT is Oblf%'ﬂ]c%d (t)) measu g given

the curren? Is fed In common-mo e on o |s o which WI||
jurcdigpied avwaysfroomiile cakieviyl @ ratdiatiods. T assereptiomes \mia:ddf)lthe most

lmpo%“es% Sb%hf ahparaisdnathave % ’Pelengé"‘bé%v@g'ca' thle “la%o which the

and whose dimensions are sma ompa wave
appléhen thedquiprlect hias severdlyc oradecteldl oablkestrma%émﬂslucted) with other

d{gnlensmns are greater than a quarter wavelength (that is, it is physically

alolqarge and/or the frequency of interest is high) the assumption is harder to
Justltynandeahmﬁcdiacbaesmg peelﬁatcdcblwawnﬂml@ss ettnsQSmmsaisumméy]provide

an a %919 t}i"‘sr% "o aﬁ@p@fr}%‘é‘ﬁ‘?@ S'“ y&”ter andlZe e output.

otential many pes of equipment, an it |s ge S|mplert carry
Anotlmethammhnelranlwhed isrtbthaest. dtren qbiswabbemt clroogt foffhlgrwﬁﬂqwnt};p pr1nc1pal

thaf ssions in the stan rd,a sorbln clamp test segt-u srhtﬁvyn in Fi wre ¢
o B R e e B TR B omco
comr@nstamahmg’mrabowfgrmmlmdrm Yoths dltrdﬂé"ﬂué’él@m lameindication of the

teristi b t
i S T A e By PR S A e in
comnmmmqmjmc@ Rriswtaiele.isargervdridhy wnﬂlknbwnpbldmg ﬁwed Byothethiglgable by

rad Eﬁ% CHRY 81? %f ﬁ IS lnl%gr‘l? %r%r aﬁ&g@@% W&R@%%y one cable

may e co necte Ing a ber att Isend 2
(typically the mains cable) and whose dimensions are small compared to a wavelength.

When the equipment has several connected cables, or when its dimensions are greater than
a quarter wavelength (that is, it is physically large, and/or the frequency of interest is high)
the assumption is harder to justify and a radiated test is preferred. Nevertheless this
measurement method has a good record as a means of assessing the interference potential
of many types of equipment, and it is generally simpler to carry out than the radiated
method.

The equivalent circuit for high frequency emissions in the standard absorbing
clamp test set-up is shown in Figure 1. A length (normally >5m) of the cable under test is
stretched out at a constant height above ground and thus forms a transmission line of
characteristic impedance Z, a value which is determined by the geometry of the set-up as
shown in Figure 3. The far end of this cable is terminated in an impedance Zt, which is
generally unknown, being fixed by the high frequency impedance of the mains supply or

the ancillary equipment which may be connected. (Placing a second absorber at this end
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stabilizes ZT, as discussed later.) The impedance presented to the EUT is

Ze, which is the transmission line impedance Zo modified by ZT and any

other mismatches that are present on the line. The disturbing source in

any EUT can be represented by a voltage source Vs in 5 series with an

impedance Zs, referred to the enclosure (this simplification is valid
stabwhieth &, @i rididins eblaerieThd asm Glass pransiutated e Eladsis @atthedch is the

metal .enclosure). Of couyse, h Vs and Zs are frequency dependent. Zs
s R e T XA A S
on thertért Icw flows equally and in the same sense in all conductors in the

cable, The mechanism of.coupli epends on the design detajl and ma .

e 107 C T DT Rt ot ihcaTh th RS b B goute Vs in
serisohatédaitampitdngre Uidrdiutredupled tmd warst(dyscapeaptifaaceCs, whitkhhether

is afunction of the equipment's etry..and its distance from the flo
or B L e et e S B S D course
botnaxiandrid pawéretragisie déjomddie. 2 touthledcabienitioncandevioethel&able under
(esREEOLE RE(ES A0 g EUT apd the

{C

Cs and Cs are fixed h:
Lotk defesuiind clereh R SIS B SR 18 Sk GRREIEall conductors

in phrpoddéeof Epplyiadhiheclantpctarphag abdpeadsl movirg desilgrodgtad half may be
wavelength, as discussed beloy. The absorbi .as defined in
co Sy B SR o s T RS R e sround
butfeigurke®@ td-itstly stipopaphatmndalablbiviourdfnounndntwhtle Hayrepniertisezeometry
and ORI A0S A8 fcurient fransiormer indycing.a signal into the loop
rom any currént which Hows t roug]% the cabfe under test to which the
ferridatcly s @rercodptethn Séicorid thatrtlabsarhimgnsgovan madéufrahghe EUT to
thefgggllgr (i:ﬁlsoc%lqre v%])tflfr(?rrite rings, located further down the cable under test
away from the eml?tlng source, whose purpose is to stabilize the 25 RF

comire@ficino e (mpedqacy )of the cable under test and reduce its
dependence on the far- end termination. And thirdly a further section of

abs%rbﬁ{&)&g 5[’??%?@& 8 tﬁg 'F%Hl?tﬂg @Qﬂg)df(;s%m(}@%rqﬂgt%ﬁhﬁican be achieved

trans ormer, W' C' Incréases the commqn m pedance o s cable ' ‘
by andyiheréby Tduceshheimpact of apglyiagationslamhitoinhseckineeanchistoving it

thr ca%}f Qﬁa@ﬂ@%@?ﬁ@é{i‘g‘&%@&%&%hrough the transformer to the

e under test. e ferrite rings are halved, and the clamp is so

hingEekthhsarangablenmderdeisnedinn tsdalsiel tﬁ_r@ai &lﬂ?@vﬂt@olelmsm_lwrincipal
feaftRGs 10 GIOGH NAIYES PLOHGREARWD 19, EUHORE M COIBRIGIHRN PRAARAING: three

between the halves’is essential’and the ferrite housings are sprung to
ferstgsingshishiThsictalns thaufemitdpy@meundiange begagl onthéheldoap from any

RF Wﬂf?éh{s\x%lch flows through the cable under test to which the ferrite rings are coupled.
Secondly an absorbing section made up of a further cascade of ferrite rings, located further
down the cable under test away from the emitting source, whose purpose is to stabilize the
RF common-mode impedance of the cable under test and reduce its dependence on the far-
end termination. And thirdly a further section of absorber over the sheath of the cable
leading from the current transformer, which increases the common mode impedance of this
cable and thereby reduces the impact of any variations in this impedance which may be
coupled via stray capacitance through the transformer to the cable under test.

The ferrite rings are halved, and the clamp is so hinged that the cable under test can
be laid through the whole assembly and the other halves brought down to enclose it
completely. Good mating between the halves is essential and the ferrite housings are

sprung to ensure this. Typically, the ferrites are mounted in the body of the clamp which is
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made of insulating material; there are no galvanic connections to be made
either to the cable under test or to the transducer output cable. In use, the
clamp is placed round the cable under test with the current probe facing
the emitting source. The far end of the3cable is connected to the mains
supply or to 5 ancillary equipment, or left open in calibration; a second
madbsdrhenmaysbmglatdad theer the lvadallheiclaonpeotitpidt is bonnedéesitier to the
he measuring receiver or spectrum analyzer. To determine the maximum
Cabtpl)% Irgireffhtﬁttﬂet iStE ﬁ‘ﬁ&‘{ggj rrgéltg%cé@%er to a lead of indeterminate
lendiih utlee thkaoigmip MeNed dlongdhkecathie under tastvitiitc: aumaxinpusbe facing
at a iven frequency. The output level varies perjodically with distanc
the R A0 L iheh SR B B A TG TRy Py or t
andihleas et@ibireguendgtléenharizoittal oable dscaatind aghin shilyebgrplanetas/er the
leadh fRESMISSION, I, o0 whiGh £rtent standing wakes are Induced, and .
ne c?amp S asuring these s anaing waves. For a s&arﬁﬁng wave '
fornMTthécemust be amismanghoalentdhthérdinsimissgsoline. Guclaver to a lead of
._mismatch will he caused by either of fwo spurces: 15 . the termination (or
R A e R ST e B e AR ash Bl G hmum a
anyalgsarbifgpgentign dhtheatpunddésduliynette givedioelgnd oh lidstecaindtiodistance
should be invisible to the line between the clamp the disturhi
by SRRt Thel o oM AL R S RE e eauency. The
honmesisliredbley itheatungerganat sfiorngesud heventhelesssithelalesarberlitedlfcurrent
saffihBSMIEAChed Wil respact (9 s ansmission e mpsdance and. ror o
will thére¥ore cause a reflac ion, whicH in tum Creatgs a anémg ave.

stafiheg cuanentdransiotheee isfixetldnarelasioattd therab dorermsndsthenefore Such a
midSMANS A0S, 380, PoLOR e anding wave, yet stillsenses a
periodic variation in output; this Is because as the clamp is moved, the
amplihdemwiithei sigoalliel o theatchblendarfebs beeaose the 25 impedance
presented to the disturbing source is varied. Therefore, moving the clamp

will .presgRbAEMEIRpGQifoad impedances to the source which will

allow, within limits, the: maximum power transfer to be achieved.
Commercially available absqrbing clamps typically must be moved over a .

lengthtBt ARG FridtaPCb VB SlpBRes SvectFtiy e sdotingtermination

shod@NBIMALially daneuat sincecaqHbeltesh akemhe donsiiesalde-asnauniifuld not
time in practice the absorbing clamp is often installed on a mechanical

thepigee raPaBmRMiRe Oy th SlRRHREM SR It MBI G¥sitibIe T prbvitangformer.
Nedavietwhich aoesuetiiQutite Inbechanitalc e vameartplcvtHais@Bfission line

imgeed%irrlgg [aenziovaﬁvtﬁe?e%rr]g lég{ls%va? QI escitzlgnc,)f\xtl fghsi?lutjt?rhltc}/ggttélsdaitanding wave. The
current transformer is fixed in relation to the absorber and therefore remains at the same
point on the standing wave, yet still senses a periodic variation in output; this is because as
the clamp is moved, the amplitude of the signal fed to the cable varies, because the
impedance presented to the disturbing source is varied. Therefore, moving the clamp will
present an envelope of load impedances to the source which will allow, within limits, the
maximum power transfer to be achieved.

Commercially available absorbing clamps typically must be moved over a length of
at least 5 meters over a power cable of the EUT. This can be done manually however since
the test takes a considerable amount of time in practice the absorbing clamp is often
installed on a mechanical glide rail controlled by an electric motor.

It would be desirable to provide a device which does not require mechanical

movement. It would also be desirable to have a smaller overall size of test setup. It would
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be further desirable to have a faster test procedure, with less time

invested in setting up or assembling the test apparatus. SUMMARY OF

THE INVENTION 5 It is therefore an object of the present invention to

achieve any of the above desideratum, to overcome any disadvantages in

the prior art or which will at least provide the public with a useful choice.
be Ardasidiegisableatditatvasp Eoltéhecprpsardinee ntidnlconsistsiiivessyisierefiong up or

meb surin% Power disturbance by a piece of equipment comprising: 10 an
ASSETL atP ABie EBAfted to connect said equipment to a power source;

a plurality of transformers positioned along the length of said cable; a

rality.of switchi ' h configured to connect the secondary

SU%%%@%@C ve ésa,irigcﬁcmer to either an open circuit, a short

circuit or thectfirentmmagscrerfieht qgrresealy $isenganstol seivisece byywbiithe above
desider @&at{f‘éeo%g'égﬂ{é‘ %ﬁ’e&iged%’ﬁ‘t%%%é%?ﬂl%“ger%%%fr{‘%%‘QX WIRAING O east provide

operativé transformer to’said current imeasurement or analysis means,
thegmbhiswitbhingefidwiocei@n a first side of said operative switching device

connects. e Recandary inding of, (he respective IaNsIommEr a8 SHot e, for

circuit and each swi?chlng debice ontrie Sther Side'of saldnopera ivé %Y
mesgwitolypodeviteubanectsy thpisec ofidaupwindioggfriitbiegespective 20

transformer;as opeR Skt Rieferably. meshod further comprisings, .

control'means operative connec ed 10 said plur 11.8, of swncﬁlng devices’

configpiredlity cfitensétivathy pudtchredcicsgitbbilkgglkevitesdreable;

predetermined sequence to sequentiall nnect all of the secondar o

inc T AP Sa0 SR oo rarb o RSN e Ch L R Sy inding
of ar asxpyisangansoRnefetabkitbaid dirsbpitie cocrespensg®to thecsiteor to current

connecte[do}o géa}id qué%qgent. Preferably a method further comprising a

measuremen S1S . . .
ousing enc osan said cable, said plurality of transformers and said

pluratityrebswibehing dearves: Frefdnagljsat cabiedndnstic lemradisyyofinding of

tratnst{mer are arrang d in_a serpentine_30 spiral oF. coiled. confi Ulﬁition .
operalive ralésﬁormer (6] ? Cl,bl‘fel’lt rgeasurement T anan?/sw means C sw1tch1ng

within said housing. Preferably said current measurenient or analysis
dewvnveamsaciarstpridingf. sadppetatine analyzegoletast eowives, thadesbatain winding of

the 32! &&%’MHS%%E?LQ >ThaY %ﬂ%ﬁﬁ?@n’?ﬂ‘%ﬁ&?s&%‘igﬁ’geﬁ%%@e%@lalﬁée&%r side of

sald test receliver inc Ing an Input resistance, an
said operative switching device connects the secondary winding of the respective

transformer as open circuit.

Preferably a method further comprising:

control means operative connected to said plurality of switching devices configured
to automatically switch each switching devices in a predetermined sequence to sequentially
connect all of the secondary windings of said plurality of transformers to said current
measurement or analysis means.

Preferably said first side corresponds to the side connected to said equipment.

Preferably a method further comprising a housing enclosing said cable, said
plurality of transformers and said plurality of switching devices.

Preferably said cable and said plurality of transformers are arranged in a serpentine
spiral or coiled configuration within said housing.

Preferably said current measurement or analysis means comprising;:

a spectrum analyzer or test receiver, and

wherein said current measurement or analysis means, said spectrum analyzer or

said test receiver including an input resistance, and
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wherein the voltage across said input resistance thereby allowing
measurement or analysis of the current in said cable. Preferably said
plurality of switching devices comprising a plurality of semiconductor
switches or switch packages. 5 Prefergbly said semiconductor switches or
switch packages are MOSFET semiconductors. Preferably said
senmvdasdinctbe switafeswoswiih ppokagasaniec SansbwiitlesngPiefasiablyent or
?aid prfegetermine.d se uer%i:e comprises a pre-scan using a first of said
ANV EHY BRAISERN Bver all of said plurality of transformers. 10
Preferefiolyitdaid qaid-spamalisiudifig saidispg ctdgmi@palyaepabiest trecelvetity of
deterénirtlin% XB%aﬁ( frequer)[ci'les o{((;i)ower disturbance and said full scan
SCIRE l|lrfg()§a|d1 %peesc rrusﬂléznaﬁ)y?ger%erstest receiver recording the frequency
spedtrefieradfl gaichjpoveemidistdubamcavativee nolO Mir it dinchackbigesT attioB8OSFET

sem%%i(l)lgf?uic trk;e art to which the invention relates, many changes in 15
conetruction and widely differing embodiments and applications of the

invePtederabilly saidgestitheduselvas/itdtieswr dep@itipackgra dhe(Gedpevatdhes.

invep%&gr&ﬁ defilaed i tpe a %ended claims. The disclosures and t

h .
descriptions hefeirtare purely nusttatve SIS AL Tl it of said

trarahiyrsensendniting sddreovareritionsaahglistslity thEtfanefpoingrand also
envisages constructions of which 20 the following gives examples.only. )
o R R R e B RSy RIS et CS IR B receiver
detpnes@ntipeaktitequithoew be pescribbstwitimreferehceitb fhlk scan including said
accompanying drawings in which: 25 Figure 1 shows the equivalent.circuit
P e ey h el e power
disambabsoheimg olaih HErgurd 3xdbhows the apparatus setup for a prior art

powgr, distutb '}ﬁ%é?%'?@' Er'{glt'é?v‘v‘h'ﬁ’:ﬁ‘ 9{%%%&%‘%{ er%‘ﬁ{%%%‘f'%’}%%”éﬁanges in
present invention; Figure 5 is a diagrammatic representation’of t
corsénpemiinenshapécbf thé@oweenbrdiBerandifdrappscrigused itha invention will
sucUR9 ANMANIEISPIRRS t%ﬁ%ﬁﬁfﬁ:%r%pt%%a&%? Er%ﬁt%r%%r SOONGEISAHO. 1 in the
e input resistance of the test hstrument; Figure 7 Is a diagrammatic
appeplaseltation Bfddes sloitotve sund tine dte driptites dentrolacirquitedy illustrative and

are not intended to be in any sense limiting.
The invention consists in the foregoing and also envisages constructions of which

the following gives examples only.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred forms of the present invention will now be described with reference to the
accompanying drawings in which;

Figure 1 shows the equivalent circuit of a prior art absorbing clamp;

Figure 2 shows a cross section of a prior art absorbing clamp;

Figure 3 shows the apparatus setup for a prior art power disturbance testing;

Figure 4 is a diagram representation of the present invention;

Figure 5 is a diagrammatic representation of the serpentine shape of the power cord
and ferrites;

Figure 6 is a diagrammatic representation of the operative transformer connected to
the input resistance of the test instrument;

Figure 7 is a diagrammatic representation of the switches connected to the control

circuit;
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Figure S is a cross section of the different ferrite spacing embodiments.
Figure 9 is a graph of the impedance of the present invention or
frequencies of interest. Figure 10 is a circuit diagram of the switching
configuration. 5 Figure 11 is an equivagent AC circuit of the switching
configuration. Figure 12 is an example graph of insertion loss. Figure 13
IS aFigxa B8 grapbs atisolabdthiogiiErgi fertdeispadupraybeldoning the

internal constructions, Figyre 15 is a gra howing the drive signals for .

tho LIATeD ™1 FTSCheC LTS A RAH R oA G C R e BHRRiAg Sopencies of
intdrigure 17 is a schematic of 16mm ferrite spacing. DETAILED

DE RIPTII N Insteag &)f movin the CU{I‘Ent ronbge over the total length

of the' pOwer cofd T the %%F%é’en VERtioneren e DEads" (or toroidal

madrigticcble)sane dijtechivre Ale eotiiteolethg thw o lengactifiGighaawer cord

andlg slclerceoi";??sr I}"QQQin és arcp/i(%elds(ggiggqgsferrite bead. So instead of

"mechanically movmgm & edfrent ¢ amp over the power cord we

"eletligoztyl hiowe tiaeplsiigrhaffdssiamdinriesssurement or analysis. This

method hO\f/fver int,[rvgdugﬁs some ne ues: The ferrites "in

is 0(1
ronEsrEN et O SR R R ST Ak © T

atteRigtes thasdisttmilasioensigntiead theyi @etlatoarhEbMiistipgressor. Since

itis %kie dis bancehleveg.thaft e Wafrét t? measure, T(p_is is exactly what we

dont \Rant to Saliaors)%ne.l?ﬁ "Theterites "hehihd™ the Territe that functions as

a cukigntpidbe cedidn2i@ctidentalfyrfuncienias terminator. In order to

make the end of the line "invisible" to the disturbance source these beads

must precisely function as chokes i.e. pose impedance as high as
DEJosHF® PERERIFTFEMNXal absorbing clamp a ferrite has only one single

rolel%lt er,choke or c%rrent traps}gf)mer. T o%%{cp@ﬁa% issues abovg i the

0
in thesp?g%é)nt%?/veurll c‘gnee%{lc Ferfite 30 402 Has t ree%cﬁeos ékéepg?\‘giﬁgcgfﬁ

pretigetpostivnfthetshiats 400tamshbwrgndtiguree) ae. {Micthvisibide entire length

of %%@?ﬁ%l&@wé@&ﬁo%% (PO AP & W SRR I (AR OBead. 50
. gure 7/ each switc IS shown-connected to a transtormer

inst29@ ahéneshanically moving” the current clamp over the power cord we “electrically

move” the position of current measurement or analysis. This method however introduces

some new issues:

(1) The ferrites “in front” of the one operating as a current probe act as chokes.

This attenuates the disturbance signal as they act as an EMI suppressor. Since
it is the disturbance level that we want to measure. This is exactly what we
don’t want to happen.

(2) The ferrites “behind” the ferrite that functions as a current probe could

accidentally function as terminator. In order to make the end of the line
“invisible” to the disturbance source these beads must precisely function as
chokes i.e. pose impedance as high as possible.

In the mechanical absorbing clamp a ferrite has only one single role either choke or
current transformer. To overcome those issues above in the present invention each ferrite
402 has three roles depending on the position of the switch 400 as shown in Figure 4 i.e.

(1) Invisible (position 404).

(2) Choke (position 406).

(3) Current transformer (position 408).
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receiver 704 and a digital I/O module 706 which provides the switching

drive signal. The digital I/O module 706 in turn is connected to and

controlled by controller 708, preferably a personal computer or a
microcontroller. 5 1: The "Invisible” mogle is based on the fact that the
secondary impedance is transposed to the primary as follows: Ns Vs Ns

Ps. ks FihedolaauhgsielathoMobipsestistsrincartiiatsi®nmer thRs &PnaerNP pthe test

ZP mption.a. perfect transfarmer and power transfer.we. can simpli
rec et A SR OB 07 SRR £ S GO Qe gal. The
digisaz 0 #pdsilzeT06ais weh. iSodmyshedtiogtidecsatotidatyy wondisiteil & fiaeferably
of thelferrite inside the trans iSﬁion line is theoretically nil. In reality
a p%rrscﬂ?r%iﬁglrlﬁégfso\gv?tﬁii(ﬁ%?ﬁ € CBres show the following results:
Fredquehiey MhlzGeleératodSmotestdeaonbarfaveinbianghcevet(a@BnydBipedance is
fra 100.802150.96-650.0 100'055%@'0 200.0"-51.0 300.0"-52.0 400.0"-53.0
BHG% é% g0076"58°0°18080:0"-56.0 * The generator level is the

calibrated level pick up by the spectrum analyzer §5 throughsthe edrsent
probe, Hepe Y (AL HERHENCIEs AROVE AR MIdZ the effegtivenass.of the

shorting gets worse. Preferably short wires are used together with tunin

and HroPBPYERTCRBTESE SiRBSTOER)SA RERV¥CEARMSERICMEnEds ﬁmﬂéfwhﬁg@mula
ne 2: Ji"Choke" mode we open the switch. In this case the impedance of the
Mp ’r‘efr%e& 720 gg&}nined by its equivalent circuit or RCL circuit. The initial
test showed no difference between an open secondary winding and no

windinig absipon that férdtels AsTOUfPelt seioup Wellisku by ribefilnidhp secondary
wirthfliet altherabrarolid shath sudtal stllRravides AU AUl RELANNANCE reality

preliminary tests with 12 ferrite cores show the following results:

Frequency MHz | Generator
Level (dBm) | Shorted secondary winding
*

(dBm)

2100.0 250.0 250.0
100.0 -50.0
200.0 -51.0
300.0 252.0
400.0 -53.0
500.0 256.0
600.0 -56.0.
1000.0 256.0

* The generator level is the calibrated level pick up by the spectrum analyzer
through the current probe.

Especially for frequencies above 300 MHz the effectiveness of the shorting gets
worse. Preferably short wires are used together with tuning and proper reduction of stray
capacitances and inductances in the wiring.

2: In “Choke” mode we open the switch. In this case the impedance of the ferrite is
determined by its equivalent circuit or RCL circuit. The initial test showed no difference
between an open secondary winding and no winding at all on the ferrites. In our test set-up
we used a mechanical switch, although a solid state switch still provides adequate

performance.
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25 A Frequency MHzGenerator shorted open .secondary Level
(dBmJwinding (dBm) 100.050-53.0 200.0"-56.0 300.0"-56.0 400.0"-56.0
500.0"-56.0 600.0"-56.0. 1000.0"-56.0 3: In "Current transformer mode"
The ferrite functions as a regular curregit transformer. The current flowing
in the transmission line is terminated into a 50 ohms load i.e. the
terminaign@idhasmeasutementdnstrument as shown in Figure 6 to allow 5
measurement or analysisvéheBapovaonentioned madesdan replace the
2 different ferrite cores in the mechamigaliglideBai) clamp. - In '|Current
transfagoer mode” the fyrites perfornsghe same function as the 2 or 3
core cappent transformerat the outer esige of the clamp. 10 - In|"absorber”
mode ygithpthe transformer open circuitgglthe ferrites isolate thg end of
the trapngssion line to<ensure the fortggagon of a standing wave. This
mode tpmecessary to feplace the 2rid {gryite clamp. - In "Invisible" mode
with theg)frgnsformer shert circuited Wesgaf switch off i.e. Togically remove
the fgigggs from the car@: This'is requikggyfor the sections 15 between the
EUT and the current transformer ferrite. To replace the mechanical

movement of the "Current transformer” we follow a switching pattern. Fe
Fe Pe fe Feyrgent transformer mode” The ferrite functions as a regular current

transformer. The current flowing in the transmission line is terminated into a 50 ohms load
i.e. the terminator of the measurement instrument as shown in Figure 6 to allow
measurement or analysis.

The 3 above-mentioned modes can replace the 2 different ferrite cores in the

mechanical glide rail clamp.

- In “Current transformer mode” the ferrites perform the same function as the 2
or 3 core current transformer at the outer edge of the clamp.

- In “absorber” mode with the transformer open circuited the ferrites isolate the
end of the transmission line to ensure the formation of a standing wave. This
mode is necessary to replace the 2nd ferrite clamp.

- In “Invisible” mode with the transformer short circuited we can switch off i.e.
logically remove the ferrites from the cord. This is required for the sections
between the EUT and the current transformer ferrite.

To replace the mechanical movement of the “Current transformer” we follow a

switching pattern.

Fe |Fe |Fe |Fe |Fe |Fe |Fe |Fe |Fe |Fel
1 2 3 4 5 6 7 8 9 0

Ch [Ch [Ch [Ch [Ch [Ch [Ch |[Ch |Ch
In Ch |[Ch [Ch |Ch |[Ch |Ch |Ch | Ch
In |In Ch |[Ch [Ch |[Ch |Ch | Ch | Ch
In |In |In Ch |Ch |[Ch |Ch |Ch | Ch
In [In |In |In Ch |Ch |Ch [Ch | Ch
In |In |In |In |In Ch |Ch |Ch | Ch
In |In |[In |In |[In |In Ch | Ch | Ch
In |{In |In |In |In |[In |In Ch | Ch
In [In |In |In |In |In |In |In Ch
In |{In |In |In |In |In |In |In |In

Fe = Ferrite, Ct = Current transformer mode, Ch = Choke mode, n = Invisible

mode
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Fe Fe Fe Fel 1234567890 CtChChChChChChChChCh
INCtChChChChChChChCh InInCtChChChChChChCh
INININCtChChChChChCh InInInInCtChChChChCh InInInInInCtChChChCh
InInInINININCtChChCh InIninininininC&ChCh IninininininininCtCh
InIninIinininininInCt Fe = Ferrite, Ct = Current transformer mode, Ch =

Chdke makie atl thbhvisibdeanyodei@hingmakbalbitferreressadiseitcbingénpresent

. the. pref r§|gEe]mb %ment of.the present jnyention MOSFET solid. state
iy S B A o e e e S LB o e st
encaiglaceepetablapepaibiapesiheasonstant awitchingiwiih@veld have a considerable
. considerable im on the wear thus reliaility of the relays o
R O R e B el R e i HEFRG  the switching
sequamsitionhpevio thbetweetrdasititesp fravdebetiv terriferthere iB@ each ferrite there is a

measure enta iod then cqluisition. Internal Construction Referring to
measurcme i?) 110 cn alcgulsﬁ[lo cpr . . .
Igure 14, the internal’ construction is shown with the annular ferrite 10

bead or torroid 1400 having an interior diameter to accommodate the
Intglaltlxl?%(;l;l@ﬁrca lIoens include the Ii_ve wire or cable under test (_UB) 1402, an

garth wire' 144 , and a neutral wire 1406. A secondary winding 1408

arotbhddhenpeadigoo istcdrnectechihrougivaiPCB $4d®Ontersiviiohesnular ferrite

bea%14(:)l' Ztgll.%n(? thq,(])t%y\]/enéegcrie;i\ﬁ% }é" 1 1'ar-|r-1te]:€:rl oa”c?i;?&arﬁce)ga@ I ecgglgss.eq"l%e cables
Sackage (hot sHown). einte Parameters a) Mechanical Reguirements
include the live wire or cable under test (UB) 1402, an earth wire 1404, and a neutral wire
1406. A secondary winding 1408 around the bead 1400 is connected through a PCB 1410
to switches 1412 ultimately to the receiver 1414. This is all encased in an enclosed

package (not shown).

Ferrite Parameters

a) Mechanical Requirements

The spacing between the ferrites is a tradeoff: Weight versus measurement
resolution.

The best measurement resolution is obtained when the entire length of the power
cord is covered with infinitely small ferrites. In reality ferrites with a width of 15mm are
adequate.

- To fulfill the electro-magnetic requirements, appropriate ferrites would have a cross
section of around 100mm? or more. This is necessary to meet the impedance
requirements defined in CISPR16-1. See next paragraph.

- To pass the EUT power cord we assume a boring of 20 mm allowing easy passage
of power cord of diameters up to 16mm.

The above assumptions give us the following situation: To cover the entire Sm with
ferrites of this dimension (to obtain maximum measurement resolution) means that we
need around 333 pieces. With a ferrite density of 4500kg/m® — 5500 kg/m?® the total weight
would mount up to approx. 15kg (approx. 43g x 333), including casing and electronics
easily 20kg. Such a probe becomes impractical especially as preferably the probe is

“portable” The following factors reduce the weight.
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The spacing between the ferrites is a tradeoff: Weight versus

measurement resolution. 20 The best measurement resolution is

obtained when the entire length of the power cord is covered with

infinitely small ferrites. In reality ferritegowith a width of 15mm are

adequate. To fulfill the electro-magnetic requirements, appropriate ferrites

would haveT: B.ecrzﬁgSr El&ﬁﬁiﬁntiﬂ@&fﬂm@drﬂ.ﬂ@mms?tm raorékdIRishis clamp would gain

necessa to mee mlpfe hce %%rcle uirements defined |rhCISPR ¢
AcCERIANSE paara%ra%‘ﬁ Sl RSHI W L m e i 5 concep
woﬁ]‘d2@1thga1allmdmgceqstyupmqge @ipdwatcardiof daneiars te pdempnisn’t too

above assumptions 'V% us th foI wm ituation: ocoi{erflhee tire
18.1'@ C%) n%erma Vla CVICC tance etween rom t CI’I'I%C (0] another
Wi errités o imension Jtain thaxiniam measureman

shoidddbutiar ')a'ﬂgeﬂﬂmfhaﬂ@memﬁéohbl’pﬂﬁﬂs@@&mgesd&tmh adentitend 50mm as
se. (ﬁlolre ! % 5% ag:SOqsl%m the total weight would mount up to
PR Spacis

approx. %} including casing and electronics easily
20kg:zjsuchraqom@hbeedmemmrammhﬁﬁmad@llwap prefevatiynibiep = Density)

robe is "portable" The oII factors reduce the weight. 10 he
Lit 56?#?? dhGHER 8?? %SHB RIastiftetde élY [5"%88’3! BSiFquced by
redacigptancelaman.éotiiaiatiépat faosisteriancd panerrinebsateR®liSng the cross
However the conce ould still n wide tance in pre-compliance
sec{HRHAS KL LSO PR b e R O R GIATene meed to
be figtiitaithe distance between from the ferrite to another 5 should be no
Iarg th n 100mm. Prefer éalgéthes acw:ﬁ}ﬁs between [6mm an

i 0 F Samm nentl
MR Bréte BTy Bie LsaRiHy ROSERTIR RY Fredlverght bt tHS feprtmanently
insl&dﬂ&i&l’fﬁtﬂ&ﬂ by Varp ddecy/ ﬂﬂdrﬂmrﬁaaeﬂ@w)ietaﬁlg caithbegeoe to the existing
duce the density so in practice the volume be reduce

e ORI o I AL 0N EY B ETEE BA: or 44KV
for Bedomn@éh@nageﬁﬁaqmm ﬁsfﬁm&ﬁtas well since the impedance

(electr qetl uir mensn fulfilled. This leaves Wlt

the %Tagr‘gI et §' in %u b%ngrego?d “§ﬁf§<edlg%rma Efﬁ/u?ﬁg de e ¢ the RF
pickeipites] wes carvtecudariredigimeten aonsiteTabliy mthree:{ﬁ@otetbléhe N, and Earth)
e FINSRSCESRCIaE ConsopLLHe SeLNe MPITUMEHREIER scen in

ne vélltage WIres are
FlgﬁMfl&JmtsﬁMMquemmmebamem eﬁdtouﬁﬂmmme@he KRéuodll@ grams. A
used to mak E{E (p %‘HP coil has an outer diameter of4 mm as well.
RPN DRI ¢ R-and Earth)
b) Electromagnetlc Ferrite Requirements

The ferrite material presents an impedance on the cable which is complex (both
resistive and inductive components) and varies with frequency.

The CISPR 16-1 requirement is that the clamp as a whole should present an
impedance between 100 Q and 250 Q, not more than 20% reactive, when measured in the
standard calibration set-up with the signal generator and 10dB attenuator.

Figure 9 shows the input impedance (Resistive 900 & Reactive 902 components) of
a commercially available clamp.

The 100 Q to 250 Q upper & lower limits guarantee the reproducibility of the test.
Since there’s too many unknown factors (Power cord varies constantly, varying internal
DUT impedances, etc), the ferrite size is determined experimentally to obtain an
impedance between the 2 limits over the frequency band of interest.

Although the solid state clamp doesn’t need to meet these requirements as a “pre-

compliance” test device the objective is to do so.
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the boring must be 10mm. The outer diameter then would be around
24mm as seen in Figure S. A simple calculation teaches us that such a
ferrite weighs around 27 grams. A 20 reduction in weight of approx 37%.
b) Electromagnetic Ferrite Requirements The ferrite material presents an
impedance on the cable which is complex (both resistive and inductive
confpenanjsidance wslt e Sewith frespopoayordhedGisRRidGo 1 tirquurerrianéisliameter,
h Egeat.'%h?fclf% g) gs a Wholﬁtﬁhouldtpres nt an 25 impedance between 100
°JahG 258 B%of?‘ﬁ%l}ee({ an 289 Fégct?\}lér}SWhen measured in the
standardt. tafibiadiwdiyet-up with the signal generator and 10dB attenuator.
Figure 9 shows the input impedance (Resistive 900 & Reactive 902
compoﬁé?its) of a commercially available clamp. The 100 Q to 250 Q
uppé&r&itopeenticeits guarantee the reproducibility of the test. 30 Since
therE'g tcoo r%%?y unknown factors (Power cord varies constantly, varying
internal “Bv Impedances, etc), the ferrite size is determined
expeimeniadtydiarnbtain an impedance between the 2 limits over the
freq ngxn%?ﬁga%feitgterest. Although the solid state clamp doesn't need to
meet these requirements as a "pre- compliance" test device the objective
is tonde monkdr dherimypedance of a ferrite is proportional to the ratio of the
outer/inner diameter, the ferrite length and u f S.
e S G S S e e IR Bk
dianistest dicclinmenldédmegtensn 2 enmsivatiof tiemised GoFor @mrexigtink-up to obtain

clamp this will give us: Z = k.30,1.In(34/20) = 15.92.k (0) (Most mechanical
theg%%ﬁg%énep E(llc%ﬁesgjc)ﬁtléénftgrrité{g cl)41 s current pick-up to obtain the

Forequirdttimpedante? x 15pmupose80mm)ikor thetlierrites preposed in tiparagraph:
2 o 2225 10h1e assume that the impedance wil be lowe
pedance will be lower
accdrdinfigunowdvercthe fult effectisnttabliearssimee ttive thategpadadqeowdrbe lower
acc%(r)(ﬁgr;g }"Ii Showever the full effect isn’t clear since the “integrated power cord” has
different properties. The effect is also more predictable since the cord is permanently fixed
inside the clamp.

If necessary the weight can be compromised by using larger ferrites or the inner
diameter still lowered by using wire with a thinner insulation.

The effect on the measurement resolution in the curved positions depends on the
chosen spacing and the diameter of the ferrites.

a) 50mm spacing as seen in Figure 16: The effect of the bends in this case is
minimal. If the arc is taken into account in the bends the measurement resolution is
consistent over the entire length of the probe. The fact that the distance between the inner
core and the wires is slightly different from the straight sections has a small effect on the
measurement. This can be compensated by providing a calibration plot for every individual
ferrite.

b) l16mm spacing as seen in Figure 17: The effect of the bends isn’t minimal
anymore. The result is that the 16mm measurement resolution can’t be guaranteed over the
entire length of the clamp. In fact the measurement resolution reduces to the arc length of

the minimum arc determined by the space available for the ferrite.
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different properties. The effect is also more predictable since the cord is
permanently fixed inside the clamp. If necessary the weight can be
compromised by using larger ferrites or the inner 20 diameter still lowered
by using wire with a thinner insulationj T he effect on the measurement
resolution in the curved positions depends on the chosen spacing and the
Swﬂiam&teimiatbfsferrites a) 50mm spacing as seen in Figure 16: The effect
of t in thl se Is minim I If the al’%ls taken into a ount in
ben ?h erf?‘ne %WPP@%MRBn @e 35> BaI SISt B Cenl%ﬁetrﬁenﬁgtfﬂn time,
zeroflﬁ’a;erpmbh)sﬂ'hﬁ/éﬁ(théhatttfﬁa fiksfiznes batwie@otHEhMHepranAndetRE isolation
ires is sli dlfferentf sections has a small effect
o RS N DR R 5o i AP vear
plot Girvewesly indarldblal deitdecsbiitcmen hpacindpals deenctaristigste TheTh@posed
ffect fthe be ipima result is th tthe 16
B e IS e AL ST (RN ahine Bt gbrertis
to aermpthinrégol téespreaSereonent resolution reduces to the are Iength of
the %8 I’gl’ldee e mlneglu tr-V]Vetc Cetr%\/gilélon% foer tl;]r? Lerrlte COl’ldS range.
Swi aram ters The fleal swit ﬁ usly would be a SRORIRT zero e
Thiswitc iy igrdhsittompianed Mrmmseeasmrémmt)\xanmeiérsaverfarbqnlfklmonds (The
mi barhd (10-1000 MI—% 'nf'”ét%a%'é c|ﬁolat|on 1ver thefentlr @a renrécr:e/l tﬁ;\ d ilable
?% To5Y ﬁ]ﬁzyl%lg pea power reS|stance "anBhowear: al Y
devawaildbte sswitgtie shdven otrhealesidgah shartaotertistic Simide (pﬁ(ﬂﬂﬁ&ﬂdam&wwmch -off
use g OSFET tra SI QL ET transistors have good
o B S TS o R SR E TS can sneiy
prodEm:deswrtuhm@,lﬂamsitwn tmwwﬁwd tralvoketchesqaivgentTAgs ¢ercuit (shown
in AERIOIPI5 SPMPRIRELIOe MERSYIPMAILIMS 6] SRR 34 TURSEANA 12 is open
minimum measurement fime we can achieve is 15iRs per errlte
Le. (ﬂmﬁmm’laﬂj/ avaliahleodevitasfortexabepmddve typical switch-on
tran%’l{llon tlm 3 0 ozs(s)onsréllrrlll(zjir Wit Qe%{l&gﬁr‘\ﬂ' 'RA tmfeﬁlolfngg)v@ﬁcherys P mode. In
negllglf)le ?ort IS apphcgtlon etermine the insertion 10ss we need to
pralgoke abkines bglowal o AGtissditw(shsadlhcim Beaalta eveyl of itheVMASICh hetowistors.
(shown in Figure 10) when Tl is closed and T2 is open 15 l.e. the
ferrite/coil combination is "current probe" mode. The in BGSEﬁ?SRds
prlmaméwdﬂamﬁaa@ghndaﬂ@@mlsmls\anmedl@emrrsode n’ practlce valugsr 10 Q
belo as loy as 30 ca ved with MQSFET tr n istors.

is arounvcvi:b gd%\/eﬂns value 18 acceptaBFe or t € given application. igure 12 the
relationship between the frequency & insertion loss of a commercially available MOSFET
switch is shown. The loss within the frequency band of interest for our application (10 —
1000 MHz) does not exceed 0.5 dB

Isolation loss is usually harder to meet. Feed through of RF signals is unavoidable
especially for higher frequencies. Figure 13 shows the isolation loss of an example
commercially available device. The frequency band of interest is 10-1000MHz. At around
1000 MHz the value of the device is -30dB.

The EMI RF power generated by the EUT is generally very low. Nevertheless
incidental high RF EMI could damage the switches. Mechanical absorbing clamps don’t
have any semiconductor components and as such are insensitive to high RF interference.
The maximum RF input power for an R&S MDS21 is rated at SW or 74dBm. The
maximum switching power of MOSFET of suitable devices range from 5dBm — 25dBm. If

necessary stacking of transistors could be considered.
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m,Rds ~ 0 e? Rds The corresponding Insertion Loss in a 50 4 load is ILA
RI. In(ID} " for 10 4 is around 0.25 dB. This value is acceptable for the
given application. In Figure 12 the 20 relationship between the frequency
& insertion loss of a commercially avaijl@ble MOSFET switch is shown.
The loss within the frequency band of interest for our application (10 -
100 ditizih g oe shastvexbasg et 0i5ie Bigsotat @ wasshiagisudllyabrrder to

Ale |

mer\f Er\ehl thratiah - of RE

lln'\\vlgihlf\lnlr\ ocnpeialhvy ‘Fr\r hlgher

Lglf GtnroUHgn-ot SRS e—tsSpelany 10

frec;EJ ~riae Firvnira 1 z\nlo tha 1cg lace af an avamnle 25
ré‘lff,lco. —gure—x olu{vvo tHEASOIACH10SS Otran-EXampie

coni cialhvavailabl i nea ha fr v hand of interact is
|||\l|\l|u||] TAVTATTUAI T UL vioo, LILILA Y2 l\/\1u wll\l] MUATTO U irimnteroeontt

10-168bMHz. At around? 1000 MHz e USI@ P he device is-30dB. The

EMIRE power generatddiby the EUI | —Nevertheless
inci HEHal high RF EM O8uld damadd¥s switches. Mechanica absorbing

clamps don't have any semiconductor components and as such are
insesitiygltp Bigh REniteHaIeRswWRIAE IMSXHRYM R FskP W POWSIIR" Gallium
an R&S MDS21 s rated at 5W or 74dBm. The maximum switching power
Arssniale RS bi%iifthste devices range from SdBm - 25dBm. If necessary
stacking of transistors could be considered. 13 Referring to the switch
circuit in Figure 10, switching truth table: CilC12Mode OffOffChoke
CapJp B FtSrobe OffOn"Invisible"” ONONN/A Generally other
SeMGRNRIECIREISWHEN RS M @ﬂ}%ov&lﬁdiﬁ%%@{ S aMBIe 56 alivhi AIsRNdExial RF

GaAs) switches. 5 Cable Parameters The RF cable used to make the
cabilfindiFfg iRl dobamnatiodégaeish-igitcepdRralarite samd) pramdl deRdipg giameter

(to sl iapetendieksrn, theHeHiteisipaltieaiellRe MG WiaiReseloda GHz.
allow com&act assembly;, high shielding effectiveness and low loss below

1GH2r 7o ¥08rs d6HRG < pateRtcthdfelotowing el cable types are
suig®nei-rigid cable types are suitable. - SUCOFORM(r) SMS6 PE.

- SUCOFORM® SM86 PE.

(a) Diameter: 3.20mm

(b) Minimum bending radius: 10mm

(©) Shielding effectiveness: 100dB

(d) Loss @ 1Ghz max 0.67 dB/m

- MULTIFLEX MF86.

(a) Diameter: 2.65mm

(b) Minimum bending radius: 6mm

() Shielding effectiveness: 90dB

(d) Loss @ 1GHz max 0.79 dB/m

For a 16mm distance between the ferrites the following semi-rigid cable types are
suitable. This type also allows further reduction of the ferrite diameter.

- SEMI-RIGID EZ 47-TP

(e) Diameter: 1.19mm

(H) Minimum bending radius: 3.18mm

(2) Shielding effectiveness: 120dB

(h) Loss @ 1Ghz max 1.3 dB/m
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(a) Diameter: 3.20mm (b) Minimum bending radius: 10mm 15 (c)
Shielding effectiveness: 100dB (d) Loss @ 1 Ghz max 0.67 dB/m -
MULTIFLEX MF86. (a) Diameter: 2.65mm (b) Minimum bending radius:
6mm 20 (c) Shielding effectiveness: 92dB (d) Loss @ 1 GHz max 0.79
dB/m For a 16mm distance between the ferrites the following semi-rigid
Swirehiagy§epianee suitable. This type also allows further reduction of the
ferriie d'amet(-ér. - %EMtI-RIGID EZA7-TP 25 (eg iamete%' 1t.19mm é%t d
Miniful bRIAFAE fadiid é%rﬁ%nar@)lgﬂ?gfdiﬁﬁﬁlé)&i\?ené%y 1204B @5 2"
indhogadgs irGthe ma 3dBsirddl SwirkkinghS euercediedhenprefetrede sufficient
rea SR WD AR Roperteduction, of stray capaciiances. and, INHCIANORS. Lover
Im the wiring is desirable. AlSS' e Tertts Cores mus?provr%re Stitficient
cortbactance abipeat300iMindelab ketacenthie sizm i thatiolamhp indupretecdhle loops
on {IELNE PO ?s‘%ﬁrdirﬁ%gédﬁﬁeseé%%’ﬁhr{% is preferable that LIS pivyre s
con?lgura idnthe INUEnce of the 18 ps on the Ferformance S8 mininized:
TheBerpeantinge dardiditreatiorfriens vahin nhieigusteSth€ emnireipiabe is preferably DC
interference from withjn the probe the entire probe is preferably DC . .
oD e e X by e P I % (g mhection or via a
battopn@ctifsnabiyvibeas voatheng. dorefel abopy dhel slwiaHibgregnics! is provided
via fiber opfics. 40, (@) Fre-caning ydeyo deferming e, b3k 1 done with the
frequencies. TAISIS dbne with the ¢ amp in SEtiona position at the
claimpgim sliatgpofth e gatear atohd . bEgisnang thfethd @dwidzcotdGHz spectrum
ass%'%%r?t LGRS E"P&%quéeé?:%ﬁtg}'ansgurﬁgﬁtg;{fe&‘ Colotal scan [RKeSent time
approx 20s. Sihce the pre-scanning Is done wi stationary clamp
of therethsmipésfamialiseapbbomPievement over a mechanical clamp /
POSIYENIDGINL D) bRGRoR e i MESRAR Al MR SXR B formance
mecRanical clam
improvement over a mechanical clamp / positioning unit

(b) Location of peaks with mechanical clamp:

- Existing mechanical clamp

Specifications mechanical positioner with clamp.

- Speed v: 0.0286 m/s — 0.2 m/s

- Length s: 5000 mm

Time required for locating position of ¢ peaks: tsc=cXs/V
s = required scanning length
v = clamp speed
¢ = Number of peak frequencies found in the pre-scanning cycle.

v(m/s) |s(m) | C tsc (s)
0.0286 | 5 5 874
0.2 5 5 125

The above table doesn’t take the return time of the clamp into account. This time
can’t be determined as the peak power can be located anywhere over the length of the
cower cord. Past experience shows that the total measurement time (including pre-

scanning) can easily mount up to 1800 seconds.
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Specifications mechanical positioner with clamp. - Speed v: 0.0286 m/s -
0.2 m/s 20 - Length s: 5000 mm Time required for locating position of ¢
peaks: Ise =c X s/V s =required scanning length v = clamp speed c =
Number of peak frequencies found in t3e pre-scanning cycle. i (mLsJs'
(mJCtsc (s) 0.028655874 0.255125 25 The above table doesn't take the
retuce) timelafdhealafprdkiosatcesliv.stdusctimg: can't be determined as
the peak power can b?hlocated anywhere over the length of the cower
cord, I54¢ é?(plé 1Ehee sﬁénv%%rgf]{\%t {515 measurement time (including
(a) pre-Meanninngtapedsilytheolut Rededd00 Jeinindan3®bS (c) Location of
pea ith solid state clamp; _Factors influenging.the measurement time.
)y AT LRSS EoHEY R TEAPRecenver KRR (oms. (b
(c) Switbhlags Tamsidridime RF Switches: Negligiblgigibe) Delays Control
circuit: Negligible tsc=nX s X c it = Number of ferrites is = Measurement
¢ Ffe ¢ X §umber of peak frequencies found in the pre-scanning cycle. 10
n =Mgniable beleweshows the time for different configurations nis (S)ctsc (s)
1000.01555.5 3330.011518.3 1000.100550 Overall comparison: Existing
ts = easurement time

¢ = Number of peak frequencies found in the pre-scanning cycle.

The table below shows the time for different configurations

n ts(S) | c tsc (s)
100 0.015 |5 5.5
333 0.011 |5 18.3
100 0.100 |5 50
Overall comparison:
Existing
mechanical
Clamp Solid State Concept
Test Time (s) Test Time (s)
Pre-scanning | 20 20
Final Test 400 50
Total 420 70

The above table assumes an average clamp velocity of 0.0625m/s.

Thus at 50s the present invention is much faster than the prior art test which can
take up to 30min. As well there is no setup time as there is nothing to assemble. Also the
setup is much smaller because the power cord doesn’t need to be stretched. The power

cord is fixed inside the clamps so no opening and closing required. The present invention

is more reliable as there are no mechanical components or assembly.
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mechanical ClampSolid State Concept Test Time (s)Test Time (S)
Pre-scanning2020 Final Test40050 Total42070 The above table assumes
an average clamp velocity of 0.0625m/s. 15 Thus at 50s the present
invention is much faster than the priorigrt test which can take up to
30min. As well there is no setup time as there is nothing to assemble. Also
CLIAEVERtup is much smaller because the power cord doesn't need to be
stretched. The power cord is fixed inside the clamps so no opening and
closing required. The present invention is more reliable as there are no
1. mechanigahcompenania®passediftybafcth i AIRSJE.cdusystem domprising:

measuring power istur nce(pty adpiec of.g%uiLPment com rising: an
N € tr1c CabFCOH lcg red 10 C ntnec al llf?m? t to a_ powe SOurce.,
electficarcalSte &oh igured’to connect sai equf]p entto a power source,
a plarplitya bfytrafitsiasfoers pasitioived didngtie length of sadccablole; a
p'Prg‘%Yu?é}fgyV'é%h;\@%[c N évea“e%“e%é}mi! ”%gi'l}é’d%”c%%%%é?ﬁq%esc%ﬁdé‘é}’y winding
winding of & respective transformer 1o el an open circuit, a shor
of aircuspoctivecursesfomenstoretitbert ananpdysisiro@ans; sivetebiyowheorato current
0 erativ% switcrfin% device connects an the secondary winding of 10
mea uren}en ?I’ anafafs m%ans . .
operative transformer to said current measurement or analysis means,
eaclwvheritbhindcdeviopantey firstisitiéengfdeaid copenatire switchieadangevinding of
op RN S secondanyvinding of the respective ranstormer as shart
PLHCUR and each swﬂc?nng device O ihe other side ot Said operative
devsvdtehinfudevide aosané ofsthevsesuindang Windingoftwsrdspectindary winding of
tne!TROSTOMEL 35 pRER iU, 4% 2. A ySiom A daimed IR MGHer side of
comprising control means operative connected to said plurality o
saidwiistTiriy desiaeshognfitpvied tormgiomabicalscsndioly eaohiswitecHindge respective
¢ d%vices ina redeter{nined sequence to sequentially connect all of the
ranS1ormer as open, CirCuit, . . .
secondary windings of said plurality of transformers to said current 20

measurement or analysis means. 3. A system as claimed in claim 2
2. Whereln salf U Rlde CorERR IS RIS R 8 sing

control means operative connected to said plurality of switching devices configured

switching

to automatically switch each switching devices in a predetermined sequence to sequentially
connect all of the secondary windings of said plurality of transformers to said current

measurement or analysis means.

3. A system as claimed in claim 2 wherein said first side corresponds to the side

connected to said equipment.

4. A system as claimed in claim 3 further comprising a housing enclosing said cable,

said plurality of transformers and said plurality of switching devices.

5. A system as claimed in claim 4 wherein said cable and said plurality of

transformers are arranged in a serpentine spiral or coiled configuration within said housing.

6. A system as claimed in claim 5 wherein said current measurement or analysis
means comprising

a spectrum analyzer or test receiver, and
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connected to said equipment. 25 4. A system as claimed in claim 3 further
comprising a housing enclosing said cable, said plurality of transformers

and said plurality of switching devices. 5. A system as claimed in claim 4
wherein said cable and said plurality af7 transformers are arranged in a
serpentine spiral or coiled configuration within said housing. 30 6. A
SysteiheasSC kit ediireol aitvaSundmesai ros aich bike nieaigaswi® M@t iim analyzer or

.analysis .means com rising a spectrum analyzer or test receiver, and 17
Sal%ﬁ& SRR rPéﬁﬂ 8&%&%?3%5%8? %r{dlysis means, said spectrum
analyhercin thaiddisgeenedssrsiidluchng @sismpdt résisisay ad pambwherairement or
anatlh%\ivg € across fé“?d‘%it resistance thereby allowing measurement or
a?y3|s of the Curfetit in8aid cable. 5 7. A system as claimed in claim 6
wherein said plurality of switching devices comprising a plurality of
semiconductor switches or swjtch packages. S. A system as claimed in .
7. Gl PUNET s o ot G S S AP Rl B, devices
copaSkET demiagrdusctoisoiudtely stamhas ctaiwied ipaclaiges? wherein said
semiconductor switches or switch package are GaAs switches. 15 10. A
system as claimed in claim 6 wherein said predetermined sequence
8. comprrisestean preestaredisinglaifirst ofisaiditrendfeemersndncta fsiisdan or switch
adver aelllrgﬁvfa ’I”s?e"r%’ic%fn Ctirartlcs):fsormers. 11. A system as claimed in claim
PATBsTherein sai pre-scan m%fudtln'g said spectrum 20 analyzer of test
receiver determining peak frequencies of power disturbance and said full
0. Scaninglyding, said speetim analyzer oL test recelver tepordind ees or switch
frequen%y spectrum o said power disturbance between IBI\%-R an
pack@ddare GaAs switches.

10. A system as claimed in claim 6 wherein said predetermined sequence comprises a
pre-scan using a first of said transformers and a full scan over all of said plurality of

transformers.

11. A system as claimed in claim 10 wherein said pre-scan including said spectrum
analyzer of test receiver determining peak frequencies of power disturbance and said full
scan including said spectrum analyzer or test receiver recording the frequency spectrum of

said power disturbance between 10MHz and 1GHz.



