ENSURING INVERTER DRIVESDO NOT PRESENT ASIGNALLING SAFETY HAZARD
- THE SOLUTION

B J Cardwell

The essenceof compatibili ty between any tradion power eledronic equipment and signalling system
which share a onductive path through the running rail i s based on two principles:-

1) Signalling frequency avoidance,
and only when thisis impossble,

i) Signalling frequency minimisation.
Inthe cae of inverter propulsion drivesthe variable frequency nature of the equipment makesthe
task of ensuring compatibility more complex than for other forms of drive. The medianism of
conducted interference (other forms of interference will not be considered in this paper) is by

generated harmonic aurrentsflowingintherail sat signalli ng frequencies. Whilst thisprinciple gpplies
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to any form of suppy feed, in pradice, the different nature of a.c. and d.c. fed inverter propulsion
equipmentsresultsinadifferent emphasis. Consequently, thispaper considersa.c. and d.c. suppied

equipments sparately, the dementary configurations being shown in fig. 1.

The sources of harmonics are twofold:-

1) From any power conversion stage within the propulsion equipment.

i) From the suppy system.
Deding with supdy fed harmonics first, the subjed of signalling frequency avoidanceis outside
thescopeof thispaper, asit doesnot pertainto the propulsion equipment. However, thepropulsion
equipment does influence the minimisation of source signalli ng frequencies. This is achieved by
maximising theinput impedanceof the propulsion equipment to therelevant signalli ng frequencies.
Clealy, if thesupdy system assuredly avoidsthe signalli ng frequencies, it may be anunrecessarily
costly and weighty exercise to minimise these frequencies. In these drcumstancesit isupto the
railway operator to speafy redistic minimum input impedancesfor tracion equipment. Theinput
impedancespedficaionisnormally met inthetracion equipment by design of the passve mmponent
elements that comprise the supdy input stage of the equipment. In both a.c. and d.c. supgdied
equipments these ammponents may also be instrumental in minimising harmonics generated from

within the propulsion drive.

Now to consider harmonics generated by the power conversion stages. The first compatibili ty
principleto apply isavoidance To understand thetechniquesinvolved it isappropriateto consider
signalli ng frequencies banded into 3 separate groups.

a) Power frequencies which normally lie within the operating range of the inverter(s)

fundamental frequency.

Typicdly 0 - 200Hz.

b) Intermediate frequencies which encompassthe nominal switching (carrier) frequencies

for GTO inverters and converters.

Typicdly 200- 1kHZ.

c) Tradion Immune (T1) signalling frequencies, which lie &ove fundamental or carrier

generated frequencies.

Typicaly 1KHZ - 5KHZ.



The most effedive system for inverter harmonics sgnalli ng frequency avoidanceis atednique
referred to as harmonic dimination. This method is direaly applicable to categories a) and b).
Althoughit operatesadively, itisesentially afrequency avoidancetedhnique, unlike power circuit
adive filtering which reduces harmonics alrealy present (adive filters are not considered in this
paper). Harmonic dimination is a pulse width modulation (PWM) strategy applied to a power
eledronicsconversionstage, andisof gred benefit toinverter control. Thegeneration of aharmonic
elimination switching strategy ismathematicd*?, based onided inverter switching waveformsand
threephase symmetry of the inverter, to remove low order harmonicsfrom the voltage spedrum
of the inverter output. If an inverter phase produces m chops per haf cycle (fig. 2), it turns out

that the maximum number of har-

monicsthat canbe diminatedism,

becaise m independent switching
anglesarepresentina0-90° wave-
form sedion, and the rest of the
cycle just refleds this section. It
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harmonicsonthe ac. output of the

FIG. 2 Harmonic Elimination Quarter Wave Symmetric PWM with m=2

inverter to remove just one har-

moniconthed.c. input side. Thisisbecaisethemodulation processtreasthetwo a.c. sdeharmonics
as sdebands of the d.c. side harmonic. Thus, the example of fig. 2 is cgpable of eliminating just

one d.c. sde harmonic.

By seleding asuitable strategy at all i nverter operating frequenciesit beames possble to avoid
the harmonic generation at category a) and b) signalli ng frequencies. It should be stressed that the
strategies are designed to avoid spedfic frequencies, and will not globally cover categoriesa) and
b). If the signalling frequencies are dhanged then the harmonic dimination PWM should be
redesigned. A variation onthe theme of harmonic dimination is harmonic minimisation, whenthe
low order harmonics are not eliminated but reduced to acceptably low levels. Thisalows sope
to control higher frequency harmonics such as those in category c). However, if more than one

or two category c) frequencies have to be mntrolled this approadis limited.



It is evident that TI frequencies can not always be avoided so minimisation becomes essential.
Fortunately, the relatively high frequencies involved make power circuit filtering pradicd. Ina
d.c. fed systemthisisachieved by an L C linefilter onthelink. On 25kV a.c. suppied systemsless
link filteringisnecessary (assuming someformof harmonic control isoperated ontheinverter PWM),
as substantial attenuation is provided by the front end converter and transformer. Depending on
spedfied sgndli nginterferencelevels, thisattenuation can makeit possblefor thistype of equipment
to employ anon harmonic dimination inverter PWM strategy, and till minimise cdegory a) and

b) frequencies adequately.

Witha.c. fed systemsthe problem of harmonic control isdominated by the nature of the converter,
whether single phase thyristor bridges or pulsed GTO converters, and techniquesfor interleaving
multiple converters to cancd carier harmonics. Interleaving raises the frequency of dominant
harmonics to avoid caegory b) frequencies, but does not assst category c) where the problem
iIs most significant. Harmonic dimination techniques on the mnverter can be enployed to shift

the dominant frequencies to a safe region.

The advantage of a voltage conditioning chopper on the front end of ad.c. fed system is that it
can ke arangedtotransformthed.c. supdy voltageto adesirable cnstant link voltage, for improved
inverter operation. Thepenalty isthat it addsto thespedral complexity becauseof theintermodula-
tion of the dhopping frequency with larger inverter harmonics. The step up chopper variant is
espedally susped as it is amplifying inverter input current harmonics bad to the supgdy, and

substantial link filtering is the only recurse.

Theremainder of this paper dedswiththe pradicd issue of unpredicted harmonic generation and
its interferenceimplications. It was gated ealier that harmonic dimination tecdhniques are based
onided inverter switching edges and threephase symmetry. Under normal operating conditions
thisisonly an approximation, and if aninverter developsapartial fault which does not full y inhibit
itsoperation, these aenot valid assuumptions. The harmonic spedrumwill bedistorted under these

conditions, creding potential interference



Dueto thelow motor resistanceaswitching asymmetry, frompostiveto negative half cyclesbetween
inverter arms, will cause significant d.c. current to flow from nmotor line to line. These airrents
causethegeneration of fundamental frequency onthesupdy sdewhich can be aproblemto caegory
a) signalli ng frequencies. Other consequencesof asymimetry isthe emergenceof otherwise cancdled
triplen harmonics if quarter wave symmetry is lost, and the gpeaance of even or otherwise
eliminated odd harmonics. Finaly, asymmetry in either theinverter output or the induction motor
caninduceframe aurrentsinthe motor, caused by unbalanced motor currents. If themotor frames
are grounded then these aurrentsmay find their way into thereturnrail s. Diagramsill ustrating the
possble current paths of unwanted harmonics will be given in the presentation, alluding to the

necessary positioning of afail safe monitor, or other means of ensuring safe operation.
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