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Chapter 1

FUNDAMENTALS OF PLC

-

INTRODUCTION

Poweerlire carrigr (FLC) is the brigt term ussd 1o denota
the entire process of comemunication swhich uses high-
woltage powerlines as the mears for raremission. Fower-
lines provide a reliable link beuse of their unuswally rugged
pongtruction. They also offer the advamisge of freadom
from restrictions imposed by common-carrier requlations,
as wedl as lower cost. As compared to microwave and radio
links, they offer low cost and ralative fresdom from fading
ared westher conditions.

PLC omrmunicatiang will wypically ba in tha form of
speech amddor tanes (1) Tos telagraph, telametering, tele-
conftrald, higher speed data applications, ard line protestion.
The latters Tunclion will alten be the mest important and
critical application for the powerline-carrier system.

The large magnitude of differenoe betwesn the voltages
and currents of power transmission and the much lower
pawers practical for communication signals is offset by
the large difference in frequency betwesn that of the
pawer transmitted and of the carrier bard used for
communication, typically between 30 and 500 kHz. The
frequency separation is accomplished by coupling capacitors
and lime traps of inductors, in conjunction with coupling
dewicas or lnetuning wmits,

A PLE channel includes the signal path frem the
trarsrnitking  equipment at one terminal, thesupgh the
tuning equipment at the receiwing erd, ard into the
reciving terminal. In duplex (bldirectionall operation, A
signal is sent ower the same path in the opgosite direction
ared an a different freguency.

In plamming a channed, consideration must be given o
the need. for canfining the signals to a desired path and
to excluding unwanted signals from it. Such functions
ara achigwed through use of line traps, coupling capacitors,
and Tumers,
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Figam 1.1, Typical PLE chanmal.

A typical PLC channel is outliced in Fagure 1.1, A
tramsmitter signal from one emd passes through a turer
wihich, i conjunection with the cowplirg capacitor, provides
& low-impedance path beteaen the ransmittar ard the line.

OTHER AFPLICATIONS

These notes deal specifically with tha use of the
RFL Series &5 Single-Sideband Carriar Systermn as a
communication terminal i systems in which & hagh-
voltage powarling is the medium of transmission.

It mey be noted, however, that all terminal
equipment af the Series 85 is equally applicable to
cases wherd other transmission media are usad. These
include insulated shield wires, cpemwire ling {as on
railroad rights of way], coaxial cable, microvwawe snd
radio sysiems. In such cases, the most sgnificant
differences are usually fourd in tha means for cou-
pling the ferminal equipment 1o the Transmision
medium and in the choice of frequancy plan, Though
not discussed here, RFL has experiencs in and sguip-
ment far such applications.
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The tuner contams an impedance-matching rranslormar, so
that the terminal squipment ardd the line sach e the
proper impedance. The line trap provides a lagh impedance
at the operating Tréguencies 10 prévent lods ol carrier-
sgnal power infa the low-impedance Saten bus. Similarly,
the lire trap at the far @nd confines the signal powes
to its irtended path, amd it blocks moise and orher
mtarterence whigh may ba on the power bus,

Included in thie definition of PLC are ather trarsmission
arrangements in which power cables, cables in series with
owerhead powerlines,. or insulated ground {shield] wires
ara used s transmession paths. Various coupling methads
are used for these combinations. Insulated shield wines,
howewer, are ngl normally recommended for protective
ralaying.

Electrical naise of savaral typas will inavitably be present
an the powarling, ared thare will be frequancy components
of this moise which fall within the band usad for PLC,
The magnitude of this noise signal, and The sianal-io-noise
ratie [5/M} tolerabde for speech intellgibility and reliable
tane-circuit functioning, will determine the signal poer
necessary &1 1he recsiing SLELion, ATTenuation of 1ha lire &t
the carrier Treguency, amd the elficiency of the coupling
amployed will determing the sigral powsr necissary an the
sending statman. This, in tun, will determing the acenomic
and t1echnodogical Teasibiliny of The communi@tien link,
Apmardingly, this hendbook will be concarned with, amoang
ather thirgs, discussion of the types amd magnitudas of
neise to be expected om the line, the stenuatlsan 1o ba
expected, amd the coupling methods and devices o be
employesd. There will also be a discussion aof eguipment
used to generate amd receire  signals, voice-lregquency
carrier eguipment for data amd control Tunctians, and
line-protecticn squipment, all availabde 'rom RFL.

MODE OF TRANSMISSION

Historically, communicslicn sagnals carrssd owver high-
woltage powerlines have used rarly @vary Torm of mod-
ulation Enown. From this experance, modarn practics
has resalved upon the almost exclusive use of amplitude-
modulated, smgle-sideband suppressad-carmer $yslems, gan-
erally abbreviated S5E. The systam combings a mwember
af desirable features, among which are economy of band-
width ard of fransmitter power. The RFL Series 8515
Cwstam s am 558 gystem although, of course, the malti-
phaxad chanrels which it carries may contain information
encoddad in ather formi,

The conservation of bandwidith aampared 19 double-side-
band AM or FM not only inoresses the possible signal
density af the system, but 7l alse reduces The noibe présent
within each channe=l, The concentration of available power
in intelligence reduces the owerall power reguirement of
The eyeTem.

FREOUENCY RANGES

The Model BE MOD i the 558 modulater of the Saries
5 PLC System. By choice of oscillatar cryitalks, the carrier
frequency of the output signal may be any one of the

fourieen frequencies between 4 and B0 kHz which are
set equally 4 kHz apart. In addition, the owtput signal
may be selected 10 be either upper or lower sideband by
choosing an cutput filter of approprizte type and frequency
range. The Model G5 DEMOD & the complementary wnit
at the receiving terminal. These modwles are the basic
elememts of a systern capable of operating anywhere in
the carrier-frequency range between 4 and 680 kHz.

The kw-freguency range below 30 kHEz is often used
Far ageraire-line systems ared others; but for PLC systems
the limitatiors in the coupling elements make the bow-
frequency ramge impractical,

The maximum of fourtesn channels balow 60 kHz also
can ba limiting betause of wuch thirgs as contlioling reguire-
ments Tor Freguéncy assignments, owe-Trequency mome,
reed Tar mare channels, or for the superior perlormance
oltén available at higher Tréquencies. The nead for Righer
carrier Freguencies is met, n the Serses B5 System, with
the Model 65 WFRCOMNY Upoonverter. This moduls aocepts
the owtput aof the Model &5 MDD, usslly in the range
batwean X and 30 kHz, and translates it to & high-fre
quengy positicn for wransmission. The carrier frequency
may be anywPEre in the rang® between BD ard B1Z kKHE.
The Madel 65 DRCONY Downeonverter is the complemen-
tary receiving module. 1ts output, amywhere in the range
Betwesn 4 and 80 kMz, is fed to a Model B85 DEMOD, Tor
oarversion to the audio band.

When sdecting the opsrating frequancies for a PLC
system, the performance specification of tha equipmen
and the capatrilities of theE transmisson medivm uwsad may
nat be.the only limitation with respect to chosee of
oparating frequancy. The designer of the system shoukd
#lso b certain that the proposed frequency plan conforms
ey whatewesr sdministrative lmitations may exist, with
respest to frequency bands or sub-bands, in the country
oF geographes arsa in which operation is planned. In this
connection, It should be remembered that lower and upper
sidebands extend, respectively, beyond the lower amd
upper carrier frequencies of any bands selected.

FREQUENCY TRANSLATION

Where a single voice dhammel s o be translated to the
high-frequency portion of a FLC Trequency band, using
sirgle-sdeband tethnigues, the transiation is commonly
socomplished in two steps a5 illustrated on Figures 1.3
thraugh 1.9, Figure 1.2 shows the frequency spectrum of
a voice-frequency |wfl chamnel containing speech in the
bard from 300 to 2200 Hz, and 2 slgnaling tone 8t approx-
imately 3825 Hz. The speech and tone specirs have been
limited by highpass ard lowpass fitbers for speech, and by a
bandpass tiltar for the tore. Figure 1.3 shows the spectrum
atter modulstion with & 24 kHz carrier. The carrier fre-
quiandy has besn suppresied by the balanced modulator,
and ig shiown lve 40 dB below the voice layel. Both upper
and lower sidebands e pressnt at this point. Figure 1.4
shirsd the smgplitede characteristic of a lower-sideband
bardpais filter used as an IF Tilter, and Figure 1.5 shows
the filtered spectrum with the carrier further sipprassed
and the umwanted sideband remoyad,
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It an LC filter is used for the IF filtering, the IF band
will narmally be chosen between 12 and 30 kHz, whers
this type of filter can achisve maximum selactivity, Choica
of toa low an IF band will require increasing the salectivity
af the filter used with the secord stage of modulation.
A bard of 2010 24 kHz is a good compromise.

Figure 1.6 shows the spectrum after a second stage of
madulatian, or upoarversion, when wsing a carrier set at
220 kHz, Two sidebands and a suppressed carrier are sgain
present, but the sidebands are now s=parated by terice the
lowest IF Trequency. Figure 1.7 shows the amplitsdes
respanse characteristic of a bandpass filter which removes
the carrier and the erwanisd kbawer sdebared ol the sscond
stage of modulation. Because of the ssparation of the side-
bareds, this filter nesd not be & selective as the IF filter,

In Figure 1.8, the spectrum of the retained upper sida-
bard a1 240 te 244 KHz is shovwn. This band is amplitied
1o the high lavel mecessary for PLC transmission. A bandpass
filter remaves harmonics and other oui-of-band products,
ardd peranit: parallel conmnectitn of more than one channal
o the 1'.‘.\'.'IIJ|'.'I|'I'||;| wnit. This Tilter utilizes ﬂnrrrErr-:rn'rugnEtic
inductors and high-voltage capacitors to handle high powers
without breakdown or gereration of nonlinear distortion
products,

Al a receivirg terminal of the wme chanmel, assiming
the gystem m losded with communication chanmels and
meriga, the spactrum will be selected by & filter with eSS
identical to that of the upconverter's bandpss filter
haawn in Fiuura 1.7, Whan this bend is desin-corverted,
using a darrier at F20 KHE, a spestrum as shown in
Figure 1.8 will result. This includes the desired channel,
translated back again to the IF hand from 20-24 kHz, Thers
is algo an upper sideband, genarated by tha down-conversion
demodulator, extending fram 460 10 464 kHEZ, but a law-
pags filter, incorporated in the down-converter’s Tilter,
cormipdEtely suppresses bath this and unswanted naise.

Another lower-sideband filter, & shown in Figure 1.4,
will restrict the spectrum to the desired IF barnd, amd a
final demodulation with a 24-kHz carrier will generate a
loweer sicleband at the original voice frequency and an upper
sideband at 2448 kHz, Only the volcefrequenty compo-
rients vl pass tha final speech and signaling-tone [ilers.,

Filters are the heart of a single-sideband carrier system.
Where thare are many filters in 8 signal path, as in the
ggaiam outlined abowve, sach must be kepl & flar as possivle
through its desired passhardd it the owersll frequancy re
sponse af the system is to be held within acceptable limits.
Modern computerized polynomial-synthesis techniques, such
3 amployed by the fllver-design group et RFL, will vield
filter-network designs showing excellent passbard flatress
and high selectivity, while utilizing components of moderate
dize and cost.

FREQUENCY CONTROL

& great advantage of 558 is its elimination of one
sideband and of the carries, It s necsssary, howewar, to

replace the carrier when demodulsting at the receiver, and
the locally supplisd carrier must be wery close in frequency
o that of the suppressed carrier or frequency translatson
i1k resulting in distortion devedope. Two methods are
available for doing this,

I the firit method, the carrier is generated at both
transmitter and receiver with a crystal-controlled oscillatar.
In Series BB squipment, the frequency accuracy is +10 ppm
over the range fram D o -!IE'DIE, and this acouracy s
adequiate for many applications. Far wider spans of ambient
lemperaters, an aptional oven is awailable to hold the
arystal’s temperature constant. This system generally s
satisfactary when no frequency translations are usad be-
tween sending ared receiing terminale other than the 558
madulation and demodulation st intermediste Treguency
[IF] of the information convayed.

When additioral freguency translations are introdueed,
25 when transmitting ower the powerline in the high:
frequency [AF] portion of the PLC band, slight errors in
frequency, introduced by multiple tramslatons, may be
ompoundsd 1@ the point where, o obtain a wseful
recavered signal the carrier finally rainserted at tha recaivar
mugt be at 8 fraguency different from thar used at the
wrangmitter. This = especially important in cases where
narrowband telegraph and data channels are used, and
where variable frequency-type telemataring skgnals are trans-
mitbed. In both cases, a small shift in freaquency of the
reintroduced carrier, with respect 1o the frequency of the
carrier suppressed at the sanding terminal, can introduce a
shift which & & large percentage of the bandwidth of the
transmitted intelligence.

Frequency differencas introduced by multiple translations
can be presecved for demodulation by simultareously
transmitlireg a pilol Tone of carrier frequency. This, then,
suffers the same frequency displacement as the sidehand
signal, and so & precisely synchronized syeten is obtained.
The sconomy of power of the SSB system is nat sacrifiosd,
because the pilot carrier is transmiitied at wery o lewel and
is easily recovered at the recehver with a selective filtar,
It & subssequantly raigad 1o a layal suitable far demodulatian,

The pilot carrier may alsa be ussd az a reference level
for sutomatic-gain-control [AGC) becauss it is always
ransmitted &t a fixed bowel with respect 1o the level of
the information channel. k& & recommended that this
second methad for providing carrser at the receiver be wed
whenever multiple frequency translations are usad in
the system.

MULTIPLEXING

Multiplexing communication functions an a PLC link
may b accomplished in the audio-frequency band, in the
intermied iate-fraquency band, in the radis-frequency band,

(11 This parasitic Irandation Pnould DE dislingueMad Froen D
defibarate framalations which wre a par? od Ehe modulpiicon paitern,
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ar in all three. In addition to combining various speech
and tone functions within a single fourkHz channsl, it g
cammon 13 combine several such chanmels 0o an inter-
medigte-frequency [IF} group occcupying the region be-
taeen woicefrequency audio and the lowest PLC-frequancy
bard, In the Series 5 system, this IF band extends from 4
to 60 kHz, Mext, two or mone seperate groups, each in The
IF band, may be multiplexed in the PLC-frequency band
by using frequency trandstors with different carrier Tra-
QU nGies,

Although modern filter-design  techaigues will permit
parallel connection of adjacent signal channels in the
intar mediste-frequency range for multiplexing, it is pre-
farable to séparate the chamnels inbo two groups with
alternating frequency assignments, One group may cantain
the even-rumbered channals while the other contains the
celd-numbared charmals, so that within each group there are
unaigad guard bands which minimize adjacent-channe! load-
ing eflects. The two groups are fimally combined & &
summing amplifier.

& power amplifier B wed 10 boost the power of the
trarslated group o the level necessary Tor transmission.
The outputs of tewo or more such carier-frequency
amplifiers may be combined inte a single line coupler, or
ling=tuning unit (LTI, by using high-power Siiters follow-
ing the amplifiers.

“SPEECH-PLUS" SYSTEMS

The wsual PLC chanmel has a bandwidih of 4 kHz
Tha standard aueder channed extends frem 300 w 3400
Hz, and this may be wsed antirely Tor voice. A good-guality
voice chamnel may be cbtaired, howewer, with a bandwidth
as narroww 05 @ kHz, This suggests that the standard 4-kHz
channel can carry oihar information in the freguency
band abowe 2 KHE This is the essence of the "speech-plus™
ggstarm, in which Tilers are added o the channel to
resfrict the voice-lraguency band and thereby render the
balamoes of the channel’s passband awailable far transmitting
other intelligence. Hence the term speech-plus-data, or
simply  "speech plus™. The frequency bard abowe the
cutaff frequency of the lowpass audio filker is often termed
the supergudio band,

Figure 1,10 shows the passband and attenustion char-
acteristics for typical lowpass filters used in woice circuits.
It iz clear that tradecffs between quality of speech and
guantity of data are possible. Figure 1.11 shows some
typical applications when the outoff frequency of the
virice channel bas been s=t at 2400 Hz. Abowe this frequency,
A channels of 50-basd daota, three channmels of 100-baud
data, or ona channal of 200-baud data can be ransmitted
and received. These aré, of cours®, in addition 1o the
signaling at 362§ Mz

Lowpass filters are normally included in modules of the
Series 65 Systam, whether required far superawdio sppli-
cations, or OolwWewise, When sl ussd Tor spesch-plus
multiplexing, they are still wseful Tos limiting the woios
frequency  spectrum fo eliminate noise  amd, thereby,
imgrove the S'M ratio. Lowpass filters also prevent saioe:
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frevuamnsy sigrials from irterfering with signaling-tane cir-
cuits, and they eliminate spurious signals which could be
present At frequencies abowe 4 kHz.

Lo pass tiltars are incleded in the sigral path as part
af the modulstors and dermodulators. They permit addition
af data and signaling after the voice path of the transmitting
sde, and they allow extraction of them prior 1o the walcs
path on the receiving side, They appaar in the Blodk
dingrams of the Modele §5 MOD and 65 DEMOD, given in
Chapter 5, and their sequence in the sigral path is shawn
in Figure 3.6,

:2d
o --]-—]—]—'m-mwm
:

—— 48%—Ha BPACING

Figang L,LL. Twpicad dara chanasis used with speeth:piuc iyilar.
FMat ¥®own i Ehe useal dlgnaling cheninel 5t JAFS HI
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SIGNALING

Signaling is nearly always needed to advise an operator
or a PAX at a distant terminal that communication is
desired, In the Saries 65 System, sigraling is mormally
dane with & tena of frequency outede The voics band, ard
JB26 Hr i most fréquently used. & choice of methods
for genarating the signaling lone is svailable, the sslection
ot which will be dictated by the design and application
ol the system.

FSK Sigmaling

This methad utilizes a frequency -shift-keyed transceiver
oparating with a canter fraquency of 3825 Hz, Becauss the
signal iz always presant, the signaling tone may b el
alin for AGC control, it dedirad, ard B carriar getector
may e sdded to the transosiver 1o announce fallure of the
CONTHTIURICATIoN Sarcuit,

Signaling is effected with a comsct closum on the M
lead dinputh, &nd receipt of & signel causes & contact
closure on the E lepd (outputl. The M lead may ba
contralled by a pushbution, a pulss dialer, or other device,
The signal from the relay sutput congtituting the E lead
can be used 10 operate & wisual, audible, or ather alarting
devioe, or it may be extended 1o 8 local FBX at the racelving
sité whare it may be used 1w originate puls dealing over
the local tebephong system,

Ordenwire System

When the PLC system & uged 10 carry a Series GESD
Orderwire System, either or both of the two signaling
methods awailable with the orderwire may be wsed.

Wnan wsed with Madel 6500 Satective Calling Talaphana
Unit both of the twe signaling methods are used,

In ore method, signaling B effectesd with an OMOFF
keying of a 3625-Hr signal, Operation of the € and M
circuite B exactly the same ps discussed earlier, Gocsisa
OM-OFF keving is usad, this signal cannot provida aithar
AGE contrgd or a carrier deatactor,

SEMD 2-60kHz

200 kHr =— 65 UPCONY

R

100 kHE > 65 DNCONV

12-60%kHz

A gacond rathod of signaling, using the orderwine ar
SCTL gyatams, ig in-land, woisi-Frequency dual-tane, maulti-
fragusncy (DTMF) signaling, by which up to 289 different
sations may be sisctively called, sither jointly or severally,
by pressing buttons on a keypad. Because the signals are
im the woice hand, the DTMF tones pravide far easy
wetension of “dialing” through a PBEX to a telephone net:
wiark.

REPEATERS

Where repeaters are needed becawse of loss ina bang line,
biecause of loss in nesded bypasses, or to grovide a eoice
drop at an ntermediate location, it is possible either to
drap the carrier channels down in frequency o |F level,
ar to drop them all the way down to audio freguency.
If mey woice drop is regwired, it is less expensive to repsatl al
the IF level, snoe only one stage of frequency conyersion
is required armd an entire group can be repeated with
a mingle amplifier. Also, because of the lesser amount of
equipmant in a single path, the distorton introdeced by the
repaater will be less, In gensral, repsatars trangmit the
sigral an a frequancy diffesent frem the recalvad fraguency.
A systemn repeating al IF level is owtlined in Figune 1,12,

If voice drop is réquired, a comglate |F damodulator and
madulator far esch woite-Tregquency chanms ol ivienest
will b needed, but this will provide sdded selactieity and
wersatility. In such cases, the functional constitugndy of
each channel also can be changed such as, lor examphe,
repeating the wice while remowing certain tone functions
and aidding others gt the repeater site. Either of twa circuit
arrangemants is suitable for ohiaining an audic drop.

In the system cutlined on Figure 1.13, high-frequency
signals are translated down to intermediate fragquency and
them translated as a group up to a different frequency in
the RF band after passing through a four-way, Taurswire
bridipe, Fraguency assignments shown are only sxemplary.
Mote that all sigrats pass throwugh at inbermediate frequency.

65 UPCONY [ —* 300 kH:z

&5 DNCOMY —= 200 kHE

Figuing 1.1, Dupas repesier wilhout gudio drog.
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Flgura 1.13. Bl feaitir wilh singh ssdio 4iop, and with IF hybiid ussd 1o seneal Sis0 5 grous of alfer a0nas

24 kHz SEND
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- 400k Hz
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:
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REC SEND
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Figure 1.14. Duples regester with audio drog for every chanmsl, & siparabs modslalor s
femoaElator B regaied for eveey channal @wnt or recesived In siEhae dirsctiaon.

This arrangement is useful for a single audio drop
becase of the economy of equipment, althoush a loss
at IF leyel af about 15 @B throwgh the pasdive combinar
may hawe fo be made wp elsewhere. Moreover, the loss
through & passive combiner may be sidestepped, if needed,
by uning an sctive bridge, which may be simply assembled
by using teo Medsl 65 'WE DUAL AMP circult cands,

A osepand arvangemeEnt for SOMaming an sudie drop 18
shawn in Figure 1.014, This system will Tind apgplication

where only ane channel is carrisd and must be dropped
frem AF ewel. or where all channels must be dropped tao
the wizice band, In gither case a modulator or a demadulator
will b2 raquired for each chennel in each direction. Fre
guency gisignmants shown are only Typical.

Tha parformanca requirements established far 8 PLG
gpstam will lead the desigrer to the most economical
choee mong the verlous repeeter systems outlined.
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COMPANDODRS

Compandors are audio-signal-processing dewices used to
provide an improwemient in 5™ ratio far transmitted
spach,

A wolce signal may contain components that difter
in kel by 40 dB, or more. At the sending end the
prmpresser ralses the level of the weaker components
Bnd Feduces the Weel of stromg componerts to reduce
the dynamic range o sbout 20 d&, At the recsiver, the
lowe-level sigrnals, Wwarsmitted at higher power, are wall
above the noise level of the systém, thérsby imgroving
thee S/R ratio at the input to the receiver. &t the receiver,
the expander rastoras the relaties levels of the companents
of the sigral 1o their orginal valus,

Fesporse limes of compressor and ﬁﬂi"di‘r ars con:
trolbed to respond to syllables, rather than 10 instamvtansais

+8 : T I.I'J

w4

0F— —- = I

-
an L)

L
INPUT SIGNAL-TO-NOISE RATID M

MOISE LEWEL AT AUDNG GUTPUT (dBm) C = WEISHTED
B
I~

Figang 1.1 5, Mo performanss of FyHem with pmd wii o]
campanderi-

levels. As shown graphically aon Figure 1.15, the improve-
ment in S/ ratee g about two times, measured in decibels.

Compandors should mot be used for data, contral, ar
telemetering channels. Compandors must b used so that
only ome compression and only o EXpansien sre Bomam-
plished beteeen any teo terminals. Thus, repeatar locations
shauld use a compandor only in the locsl drop, Aot in the

direct-repeat path.

SIGNAL-LEVEL REGULATION

The level of the sigrnal at tha input 1o the reciver in &
FLG system will wary with attenuation on the line, and tha
amaunt of atteriation is not congtamt, but will sary with
weslher and other conditions, suech & depasits on The
insulators. Automatic gain-contral (AGC)H circuits are used
to carrect this problem.

In PLC systerns, AGC is usually effected by comparing
the kevel of & pilet signal against a fixed reference valtage
& tha receiver, In all cases, the pilot signal is ransmitied
at a lewel which is fixed with respect 1o the leval of all
other in-band sigrals, so the desired lewel is easly deter-
mined. The pilot sgnal used can be the pilot carrier used
for frequency synchronization, In cases where the signaling
tena s not interepied, &5 when using frequency-shift
kawing, the sgnaling tone also may be usad for AGE,
RFL offers a choise of either system.

With the Madel 85 AGC Automatic-Gain-Contral Mad-
ke & plet tone is used to contrel the gain of a wideband
amplifier through which the composite signal (8 passed,

Alternatively, the Model 85 FS EIG Freguency-Shift
Signaling:Tone Transceiver can be eguipped o provide
AGE conrgd by additien of an optional plugon crcuit
card which contasns an AGC circuit, The signal developaed
by this cirguit is fed 10 the Modal 66 Demodulstor, whera
it holds the signal bewel constant by controlling the gain of
an amglifier thraugh which the composite signal passes.

With sither system, the AGC control & effective aver a
range of 40 dB in signal-devel variation. See Figure B.1.
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Chapter 2

THE TRANSMISSION MEDIUM

INTRODUCTION

Tha quality of a PLC system i determined by the noda
arid attenuation found in the transmission medium, And
these alss hawve & direct bearing an bath the smownt and
kind of terminal equipmant naaded, and on the level of
poaer tranaminted For relishle cormemunication. These are
discussed in this chapber,

MOISE

Ay lang, wnshielded transmission lime will ba subject
1o bBoth inherent noise ard atmospheric elacirical moise,
The warious typés ol poise pressnt on a poawerline will
pantrigute different types and deqreas of I}I'ﬁl'ﬂdﬂilbnl 1o
the different communication functions of the PLC syatam.
Zome noise will be random and will sppear &5 “white noiss’
within the carrier band. Such noise will produce hissing or
rushing sounds in vaice circuits, but it will not normally
imerfere severely with intelligibility. [t will, however,
cantribute to the steady owtput beeel of detectors uisd in
Al-tyvpe recsivers, ared it owill gffect S/M-ratio detectors.
Random noise, caused by thermal sgitatan 0 s con-
ductors, will add to similar nobie peculiar 10 the electronic
equipment used.

Other types of nolse are specific 1o the powerline
and system, Thare will be impulse noiss due be electrical
starms and 10 Tranglents on the line caused by switches
ardd circuit breakers, These will be corona noise, caused
by ipnization of the atmosphare @nd discharge across dirty
or defective insulators. This will be worss on very-high-
woltage limes, The severity of these types of noise will
wvary with weather conditions. There will alsn e same
frosstalk noise and distortion predects frome harmonics
and Trem intermodulation.

There is no reliable way to determine the noise lawal
& 3 transmission line exmpt 10 MeESEE i1, bul a dscussion
of typical levels to b encountered and their likely effect
on performance will be presented.

Impulse noise s mare impartant in PLEC applications
than random nmoise. The nolse impulsss may occur at
irregular mtervals or may be periodic. Peak walees of the

impubses will typically be up 0 1@n Times The average
noise lewed, gred may prasant prablems in triggering certain
threshold devicas, possibly contributing to false trips in
Fineg- procteCTion eguspment. In voice circuits they will appear
as clicks or pops which do not destroy intelligibility.
When impulses are very closely spaced in time, howeser,
they tend to produce a steady crackling sound which
masks speach, amd the severity of masking is a function
of bath amplitede and frequency of the peaks. To measure
the rrEsking @ffect of such moise, meters hawe heon devised
which employ detectors with Tast rise times and relativaly
sl decay times, so that the resdings appioach the pesk
smplitude for dosely spaced impulses but fall off for
mare widely spaced pulses, Molse messursd by such a
meter is referred 1o as “quasi-pesk” nodise, and the time
congtants are g0 choden Thatl the messur@ment cormesponds
1o tha masking @iles ol noise an speech,

Irrepullar |y spacsd impulses may be causad by operation
of switches ar breakers, or they may be due 10 lightring
strikes, Moise proeduced by the are which follows the
operation of & deconnect switch is particularly irouble
some, with spikes of voltage wp to 1000 volts, and with
imipulsss repaated far up o & second e dwation, Line
faults may cause complex patterns of nodse, with high-
leval impulsss occuing st the time of fault and again at
the pperation of the breaker, while corona moise caused by
ionization of the atmosphers fills the intervening peripd,
Tuned circuits = the communication link will b excited
e ringing by impulses, with narrowband channaels temding
to sloswer rise and decay Times than broadband channels,
trut the latter show greatar peak ampliteda of oscillation.

Pericedicc impulse noise can be caused by rotating ma-
chimery, bt it i usually associated with pariodic variations
in corena, or highwoliage dscharge which Tallow the
variations In paak wolage and hence ocoe at mubtiples
of the powerline frequency, Such perisdic porena nat anly
causes noise itgelf, byt gl produces pericdic Fluctuatians
in the carrigr-frequancy impedancs ard in loss characteristics,
with resultant porser-Irequency modulation of the carrier,
The intermadilation products so produced are praportional
o the carre® Strargth, §o That it is not possible, far this
type of mose, o improve the S5/ ratio by increasing the
sHgnal strangrh,
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& particularly troublasome type of Poise hes come o
arieantion in retent yEars with the increassd use of high-
wirltage de power transmission {(HWYDC), Powarlines carrying
o, or, more commonly, ac peaerlineg which intercennact
with or pasy contiguesus 0 gech dc lines are subject to
govare noigd in the lower FLC spectrum, mainly below
100 kHz, arising Trom the corwerters ar imverters emplaoyed.
Such noise may reach lewels of 20 to 30 dBm in the
immediate vicinity of the comeerter station, and the anly
way & line sp affected can be used prectically for PLC in
the lowar frequancy reqaon is 10 solate the sections with
high mose by wiing expensive blocking Tilers constructsd
from tuned wawe traps and cowpling capacitors, Formunately,
the noise is fairly well lncalized rear the convertsr statigns,
and conducted node i primarily of the Mode-3 variety,
descriied i the section following, titled Attenuation.
Mode I fades rapidly at some distance from the sourss,
za that more remote sections of the line may ba witable
far normal PLC usage.

The power in white mokse, corons nedss, ard mosl
Fanclpm-impalse ndis 18 proportioral 1o the bandwidth
in which it is measured, so that the wltage amplitude &
propartional to the sguare root of the bandwidth, Spec
ification of nelse 5 meaningless without specification
aof the bandwidth within which it is measured. Corora
noise and, o some extent, other noise on a powerline
tends to decrease with increasing freguency in tha PLC
band. This partially compensates for the incresses in anen-
uation with increasing freaquensy,

Moise on powerlines propagates In the sema manner &
signal comporents at the same frequency, =a that the
natural modes of propegstion discussed in connection with
ling stteruation are also applicable to ncise attenuation
I estirnating noise known to originate at a specific location,
mads| propagation should be taken into consideration.

Mcverse weather will significantly increase the noise
and attenuation of a powerling at cerier freguenciss,
Reliable aperation under conditions of adverse weather vwill
require providing for a large margen above the 5/ ratio
achieved in fair weathar. It will norrally be necessary to
anticipate ar least 20 d8 higher noise levels in advarss
vozather. Moise produced by leakage across dusty insulators
wiill typically increase during the firsy part of a light rainfall
as the moisture Increases the concductivity af the dust, but
il drap off soimeshat asthe insulators are washed clean,
Humid weather without rainfall may cause sewere leakage
across dirty insulators, and this s sspecially true whare
oerfain types of chemical ash exist in the atrmasphene,
Lightning strikes may cause impulses 30 dB or more abayve
the fair-+weathar peaks.

Moize may be measured an a Tunctioning powesling
by taking readings of radia noise (RN with a field-strength
instrumant oparating ness the powerline. These datp are
converied, through available conwersion tables or factors,
o radic-interference voltage (RIV) on the line, Bandwidth
corrections may have to be applied. Mopise alsd mey be
mezsured an the communication-equipment side of the
caupling capacitor, using & irstrument such as the Electro-

Metrics Model EMC-10, or the Singer Model NM-7 radia-
intarferenca matars.

In the sbsence of more specific data, the curees in
Figure 2.1 may be used to estimate the probable worst-
case, faw-weather nolse for powerlines of various voltage
ratings. Thay spply through the PLC frequency range. The
naise powars shown in dBm are Tar a 3-kHz bancesidih.
It is estirnated that maise will fall bebow the indicated
values T6% ol the time. For adverse weather, at least 20 dB.
showld be added to the fair-wegiher values,

Figera 2.1, Prokable worm:taw, falr-sasihe naoha lor
posseriines of various volages

ATTENUATION

Lntil the early 1960, the subject af carrier-frequancy
altenuation on powerlines was nof well understaod, and
attempts to apply standsed transmission-line theory had nog
vielded results in good sgresment with measured valises,
It was Than common practice to predict line attanuation
on the basis of charts and tables, using correction Factors
deriwéd] from averages of many axperimentally determined
parameters an lines of various Types.

forerage walues of paramatars which exhibin & rather
wide and uneoplained warisbilivy are not very useful to an
arginesr during the planning stages of a new system, and
it was fortunate that a more adequate theory was developsd,
in the early 1960%, by applying the methads of matris
analysle. This resulted in the modal theory of signal
propagation. Many papers have been publiabsd on the
thaory of modal analysis, and good cormelation of theory
and ireagured parameters has bean achiaved in most cases,

Much of the published infgrmation on modal theory
has been the work of engineering scientists in the ressarch
laboratories of large corporations ar within the engineering
depariments of educational irstitutions, snd the saphistica-
tien of the terminglegy ard the mathematical methods
emplayed may have made the wark seem formidabla, if
not Inggcessible, to those who have nat specialized in
thasa fields. (hn the other hand, papars which have aternpted
1o present a more gereralized and simplified approach may
not have provided sufficlently specific infarmation @ be
of genuine assistance fo the erginesr wha wishes to apply
the theary o his practical proeblem,
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I this guide, the subsect of line attenuation will b
appraached fraom the viewpomnt of modsl théary, but
charts amd fables and straightforward formulas, together
with worked out sxamples, will be presantad 1w make tha
subject easily comprahensible at the same time that it is
spacifically useful.

Ta estimate the carrier-Trequency attenuation of & multi-
conductor system, such as a single: or double-circwit power-
Hree, It & recessary to develop a system of analysis which
takes into account the mutual coupling beteean the con-
dusctars.

The signal &t any point on any conductor of a sysbem
of M signal-carrying conducion consists of M superimposed
components, called “modal componans,” each of which
may propagate with its avwn characieristic SUenestion per
unit length and its own characteristic welacity. The situstion
iz somewhat amalogous to the propagation of a compléx
wiveform in @ norcideal fransmission medium, in which
analysis of the propagation reguires reduction o the
waveform  into its frequency  components by Faurier
amalysls g0 that the attenuation and time delay of each
of the frequeancy compananis may be separately considered,
and the final waweform may be establishad by recomblination
im the time domain. Each signal component aon each con-
ductor of & mukliconductar system results from the sall
and muteal impedances associated with that conductar,
amd propegstes inoa mode which s ngtural o the sestem
andl which i determined by physical pasramaters of the
system, such a3 oonductor rasitance and QapmELY, Syelem
peometry, resistivity of the urderlying earth, amnd ot hsers,

It the voliages on all W conductors o a system at
ome point are known, they @an be resalved inmto their
modal components by making use of the property of a
pure mode of propagation that the ratio of the woltages
on Bny Qi of corductors s avarywhera constant and
fied for that made. IT the system is energissd 5o that the
imitial conductor voltages exhinit the ratios of a pure
natural mode of propagaton for that system, then only
thiz single mode will exist end propsste unless a dis
continuity ooours which ganerates other modes. The
sxgitation praduced by most corventionsl Goupling anrarge-
ments results in the praduction of more than one rmode of
propagation.

The woltage (or currentl raties and the complex prog-
aatipn congtants charscteristic of each of the N modes
can be computed mathamatecally by !‘xﬂrﬁﬂirq the M
propegation eguations in matrix form and solving for the
epigenuactons, which astablish the woltage ratios, and their
associsted sigervalues, which are the complex propagation
onstants. Calculation of thess eigereectors and eigenvalues
inwalves very laborious mathematics, and a digital compuatar
is definitely required

A mathed  of caleulation described by Galloway,
Shorrocks, and Wedapoh! (1) has bean wsed in the power-

(1 R H. Gallveay, W, B Seorocks. and L. M. Wadapahi,
“iCakculation al Elecirical Parsmaiery for Shoef gl Long Polynhase
Trangmigsion Linek" Proe 1EE {Londsnl Wal. 111, Moo 13,
pp. 3051-305%, {Cwc 106}

COPML NI CaTs0n: iﬂdlﬂ[ﬁ' With ganerally good agrasmant
betwessn caloulatsd and measured modal parameters. RFL
has implemented this method on a digital computer and
used it to gredict the modal paramefers af a number of
different lines, both as part of the Company’s ressarch
program and in response to tenders from the utilities
involwedd. Flots of the three most critical modal parameters,
generated from this computer analysle on five different
possrrlings, are preganted in this sction along with soma
distission 10 w@red as g guide 1o enginders planning 8 rnes
ingtallation or desiring to amnalyze an existing one. ¥When
these theee paramaters have been egtimated, charts and
simple formulas will ensbbe an angineer with a scientific
caleulator 1o estirmate with good scouracy the attenuations
amd optifurn coupling configurations for amy threephase
marizantal powerline typically encountered. For special,
more complex cases, RFL can supply more rigorous
pomputer caloulationg,

everal considerations will emphasize the significanoe
ol modal analysis in estimating PLC attenustion. Fesr,
the wvariows modes will propagate cown the line saith
differant afficiencies. The distribution of the applied signal
prwer armorg the various modes will be & functan of tha
phase ar phases chosen for coupling, and it is evident that
coupling should be accomplished in such a way as to dis
tribute a maximum part of the applied poser ina the
gt effecient mode or moces,

fnother consideration arises begause the modes prop-
agate with different welocites, so that there are phase
shifts which résult in reinforcemsents ard cancellations
b=tween the modal components of a signal. These may
cause fluctuations in atteruation an different frequencies
ared at d iffererd bocations, which appear ke standing waves,
aven though the ling may be correetly terminated. The signal
rimima asseciated with such cancellstions are not actually
power losses, Bt transfers of signal power from one phase
to another,

Transpositions in the line produce modal convergane
because of the redistribution of signal among the phases,
Modal components will frequently cancel partially an one
phase at the same point that they reinforce on anather
phase, 50 that the chaice of phase becomes very significant,
Chuite oftan, the greatest available signal at a receiver will
be on a phase orf pair of phases aother than those chossn
lar coupling at the transmitter, Mo dscussion of powerling
carrier attenuateon can be adequate of it is based on averages
of measured values without taking into acsount the modal
natura of the signals,

To demonstrate the essential nature of modsl analysis,
we will corsider the most common case for pawerline
carrier af a single-circuit, horizontal, three.phase powarling,
This case has been disoussed axtansively in the literature.
The natwral modes of propagation for such & systermn are
ag follows:

Mode 1

This made consists of signal power which propegates
ol eguslly on the bwo outer phases and returns on thae
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canter phase, or vice versa. This is an approximatian, but
it it a valid one for this type of line, Mods 1 s the most
efficiert mode, and it propegates at essentially (he speed
al light. Mode-1 coupling efficiency 18 & messure of the
progartion of incident power distributed w Mede 1, and
wa normally wish to keep this a5 high as possibla. For long,
niransposad lines, only Mode-1 power will b2 available
@t tha receiver, In some published papers, this mode g
referred 1o a3 Mode 3

Made 2

This made congists of sigral which propagates out ower
one putside phase wire and returns aver the othar, with
e signal for Mode 7 on the centor corductor, The
propagation efficiency and velecity for Mode 7 are beryoeen
the values for Mode 1 and Mode 3. On long, untransposed
lines most of the Mode-2 power |g loat,

Mode 3

Moda 3 is sometimes referred to as the grownd maode,
The sigrnal propagates cut essentially equally on all thees
phases ard returns wia the ground. Because of the high loss
of the ground, this sigral component is severely attermated,
and Mode 3 s essentially wseless. 'We must take this mode
inta consideration at the points of coupling and transpasi-
tien, however, in arder e determing how moch of the
sgnal powdr i los 19 This mode. This loss will be regarded
ag part of the insartion ks of the system. In some DapeTs,
thig mode is relerred to s Mode 1.

Tha diagram in Figure 2.7 summarize: the modal
cxmpanents of the three modes for a single-circuit, horis
zonial, thres-phese powerline. The companent voltages are
narmalized to'the voltage on Phase 1.

For most sysams, thene will be significant quantities of
Made-1 and Mode-2 woltage at the terminus, or at the
trargposition These veltage components will add on one of
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Frure #.2. Modsl compenanty of the thees modes o7 & pitag i
clreu®, Porlzantal, Chrse=Dng s Doy erling.

the uter phases and subdract on the other. The woltages
an the outer phases will be vector sums. ol the modal
components, ard ther megnitede will deperd an the
cougling a5 well a5 on the phase shift and attenuation,
These in twrn, will depend on the Trequency and the
length of the line section. A tew “'rules of thumb™ becoma
immediately avident,

For single-phase 1o ground Goupling, it is almaost always
mast efficiant 10 cougls 10 the center phase, sines thig will
mEdimize the poraer coupdsd into Mode 1 while prodicing
no power in Maode 2. A “pushe-push™ coupling arrange ment
o the suter phases is alse efficient, but it reguires mare
doupling eguipment. For phaseto-phass coupling (push-
pulll, it is normally most efficent o couple between the
ceriter phase and oré owter phase, since coupling to the
twa outer  phases produces pure Made 2. This B more
efficlent than coupling center-phase to grownd, bt again
it requires more coupling equipment. Sometimes 8 need
for relability will dictate phase-to-phase coupling 50 that
ren gl of the signal power is lost in case of a single lire-to-
griaiind Yaull méar the fransmitter ar the recelver. This i
particularly importamt if the PLC svetam i3 used lor
ling protection.

Choices of frequency and of coupling phase will be
facilitated by knowksdge of the frequencies of maodal
reinlTorcament or cancellation betwssn Modes 1 and 2.
The frequencies depered on the relative welocity, K, of
Miade 2 with respect to Mode 1, The factor K can bs
estimated with the aid of the typical line-pararmaner
examples T be given in this chapter. Then, the critical
frequancy for & line, or section, of length L may be
Toured Tromm:

Kc
e — (211

2L 1K)

where c is the velecity of light. The frequency, F, and its
odd mutiiples are frequencies at which the modalcom:
ponants will partially cancel on the outside phase 1o
which coupling was made, while the componams will be
reinfarced an the opposite cutskle phase. For even mul-
tiples of F, ihe oppasite will be true.

In order 10 Essure & maximum praportion af the most
efficlant mode of propagation, it is always desirable 1o
hawe ag high & sigral strengih as possiile on the center
phase conductar. At a transposition, ane of the aursade
phases will be transposed to center, and it i3 preferable
that thig be the outside phese with the higher signal voltage,
Thiz principla, togethar with Equation (2.1}, may assist
in choosing the optimum ulside phase for phase-to-
phase cougpling.

Derivation of Equations for Horizonial Three-Phasa Line

H we uie the woltage ratios shown in Figure 2.2, and
estallish Fhase 1 as the reference phase, we may axpress
the voltages on the three phases by the following thres
Buations
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P, =M, + M, + M, [2.2)
P, =M, —2M, 2.3
Po= M, — M, + M, 2.4)

where M, is the modal companent of voltage on Phass 1
far Mode (i}, Salving for tha “modal voltacses'™:

M, = (P, — 2P, + P31 /6 {251
M, = [PL - P02 (2.6
My =[P, +P, +P,}/3 2.7

For simglified calculations, it is safe 1o ignore the M,
terms, since Mode 3 5 severaly amenusted snd no Mogde-3
woltpze normally regchas the and of the line sectaon,

Estimating the Modal Parameters

Befare it @ possible 10 caloulste the attenuation of a
powerline on & modal Dasis, it B nepessary 1o aslimate the
most important madal parameters. Thess are the modal
attenuation constants, in dB per kilometer, Tor Modes 1
and 2, amd the modal velocity ratio, K. The plots aof five
Eypical limes, given in Figures 2.3 throwgh 2.8, will assist
in this estimation. For esch of the five limes presented,
o key ling paramaerers ane shown, Thess sre the distano-
to-aversge-height ratios of the phase conductors, and The
conductor-resistance factor, Ap. Tha awerage haight is
-ganarall'.- compuled ad the masimem height t!! the toweer]
minuws two-thirds af the averasge mid-span sag. The resistance
factor, Ag, multiplied by the muare root of the frequency
givas tha rasstance coafficient, in ohms per meter, of the
phase corductors {1, More complete information on the
Hnas can e found in Table 2.1.

Figures 2.3 through 2.8 will show, in general, how the
madal peramaters are affected by variatiens In earth regsis:
tivity, Mode-1 sttenustion and relative Mode-2 veloeity
increase  with decrexsing earth resistivity. For Mode2
attenuation, the situation is more complex, and there is
normally a value of earth resistivity, far any given con-
figuration of line, &t which the sarth's contribution to
Mode 2 |osses will be at & maximum,

Line A is a J00-kY line o1 tain, bursdled ACSR o
ductors owver varied terrain, and the modal parameters were
calculated for warious earth resistivities as mesasured by
the wislity.

Lines B and C are 500KV lines with burdied ACSE
conductors. These two lines hawe wery similar resistanoe

f1p Fer ACSA conduciors, 18 resiilancs Tetfor, Ay, may be
calcalgiessd Froem She folicawing:

By s 2ag = 1077 0 fnp ®org ® Imy = FL

wihen ny k the number gf wwkzonduckam per ghase, for Eurndlsd
comaUCtoa, vy 15 U0e radiEs In malers of SR SErand of T conaus Loy,
el fig ks U numbér of canduchs: afranda in ika cuker sy,
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fﬁ-"[ﬂ-l""!,. soimesvhanl lower than Line A, amd thesr smodal
anenuations are generally lesser and their relative velacities
highar. Line C has a bow d'h ratio, which may have
wontributed to its bow modal losses and high K factor,

Line D 5 & 220-kW ling with typically much higher
rasistance factor than the EHY lines. Conductor resistance
i an important constituent of Mode-1 attenvation, and the
lower valtage lines show higher Maode-1 losses, as would
be pxpected. The d'h ratio of Line D & dmilar to Lings &
arud B, and the relative valocity & also in The same region,
Mode-2 attenuation of the F20-k% Line D seems to be
affected somewhat differ=ntly by sarth resistivity, from
the case with the EHY lines,

Line E iz & 115-&Y line suspended from waod H towers
with relatively higher resistance factor ard lower dih ratio.
Two sizes of conductars were employed, designated EI.
and E;, and the Mode-1 attenustion reflects the differencs
im resigtance. The relative Mooe-2 veloety is high, probakbly
because of tha low dm ratio. The Mode-2 anenuation is
o, 5 little affected by resistance, and is similar to Line C
which alea had a lew d'h ratio.

As more lines are aralyzed, it 5 planmad that mare
complete sets of curves may be made available, and that
mare specific procedures for interprating and interpalating
the results may be offered, Mesntime, the results presented
here should enable The enginess 1 make a more feasenable
estimate of the probable modal constants of his powerling
than is possible from a mere presentation of tha likely
range of the maximum variation of sach paramatar.
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Calculating Attemuation

Calculation of lne attenuation on a modal bass may be
summarized briefly: The phase voltages at the point of
pecitation, which are usually normalized to the voltage an
Phase 1, are convarted to modal voltages. The attenuation
arel phass shift of each modsl veltage ot the end of the
seclion 0% calcuilsted, and then the ezl al unltage: are
converted besck inta the eguivalent phase voltages, whers
they are transposed, iF regueired, ard then wsed @ither &
input for another section or to compute the attenuation.
Since the conyversions between phase and modal woltages
inyolve the sddition and subtrsction of complex voltages,
it is mathematically convenient to express them in rectangu-
lar form, Sinca the computation of the modal loses
invnlvas the multiplication of complexn voltages by complex
propagatson coefficients, 11 5 more convenient (o oxpress
them Mere in polar form, Spcordingly, the phass-to-modal
ponvarsons, and wice werds, S8 intarspersad with reclan-
guiar-to-poalar Corversions, and yase wergs,

RBFL Form PLC-12B& has been grepared to assist an
argimger planning a threc-phase PLC system to estimate
ling attenuation an s medal baslg, Coples of this form may
& obtained from RFL. and a2 sample has been worked
oul for a tao-saction, singly transpesed, horizontal, three-
phase line, This form, and the equations given thereon, can
e ugsd with ary sclentific or engineering calculator fo ghve
a vary good approximation of line attenuation, even though
some simplifying genaralities hava bean employed. Radian
measiere of angles i weed hare, and care must be taken
thet the sgns of the rectangular coordinates and the
guadranis of the angles are correct,

For the line analyzed as a sampla in Figures 2,00 and
217, in whigh aach lina saction is 80 mikes long and the
analysi I8 ot B0 kHz, the modal amenuation constant of
Mode 1 was estimated, with the aid of Figure 2.3, st
00174 dBfern. The constant for Mode 2 was estimated,
from Figure 2.5, at 00808 dB8/km, ard the ratic K was
estimated from Figure 2.7 a1 0085, The phass valtages at
the inpul are normalized w the voltage on Phase 1, and
pushrpull, phase-to-phase coupling is applied to Phases 1
and 2. Input voltages are considered real,

The first step in the we of the form is 10 convert 1w
el voltages for Modes 1 and 2, using Equations (1) and
[21, shown an the form. The sguations must always be
applied to both the real and the maginary parts of thae
phase voltages. Mode 3 & ignored, since it will be complataly
attenuated. The real and imaginary parts of Mode-1 voltage
are eriered in Boxes T oand 8. and the Mode-2 voltages
are antered in Boxes 9 and 10, Equations {13) and [14)
Ay be used bere to corwvert the rectangular modal voltages
to palar farm, and the poler velues entered in Boxes 11
ared 12 for Mode 1 and Boxes 13 and 14 for Mode 2.

The attenuatiors for Modes 1 and 2, based on the
sction lEngth, are Toursd fram the estimated atteruation
aanstants, using Eqieations (8) and (T}, and mav be entered
a1 thaee points. The unit of length employed is kilometers,
1@ agree  with international usage. The woltage ratios
orrespording to these attenuations may be calculated from

Equation {10} ard entered in Boxes 15 and 16. The modal
voltage magnitudes at the end of the section are found by
multiphying the valees in Boxes 11 and 13 by the ratios in
Boxes 15 and 18, ard are entered in Boxes 18 ard 19,

The estimated value of K, together with the kngth and
frequency, & used in Equation (B} o compute tha phase
shifi of Made 2 with respect to Mode 1, and this is antered
in Box 17, Aalative phate ahift i wied 10 smplity the
calculations, sinde we are not concernad with the sbsolue
phase hilt of the systerm. The relative phase angle at the
end af the section is determined from the shift and from the
initial angles in Boxes 12 and 14, using Equation {3).
This B entered in Box 20, Since wa have normalized the
phase differential with respect 1o Mode 1, we can transler
the yalue from Bax 1B 1o Box 21. The rectangular walues
“far Made 2, in Boxes 23 and 23, are determined by polar-
to-rectangular conversion of the values in Boxes 19 and
A0, Bguatians [11) and {12},

The final step for this first line sction is 1o convert
the two madal voltages in Boxes 21, 22, and 23 to the
three phase voltages at the end of the sction. Equations
13h, 14}, and (Bl are used for this cormversion, applied o
Eath the real ared imaginary parts, and the values are
entered in Boxes 24 throwgh 28. The center-phase wiltage
it real because we have normalized the phase shift with
respect Lo Mode1, and gnly Mode-1 woltage appesrs on
the center conductor. Since there is nao imaginary companent
o Made 1, the values in Boxes 27 and 2B are the positive
and negative of the value in Box 23.

The comples phage voltages at the end of the sestion,
Boxes 24-F3, can now be transpossd in accordamce with
the type of transposition employed, and they are entered
inta Baxes 1 through & of the soond sheet, Figure 211,
wihich is used for the second section of the line. The
values in Bowxes 15, 16, and 17 can be transferred from
Sheet 1, since the second section i the seme langth as
the first. Sheet 2 s Tilbed in exactly & Sheet 1, but, at the
end, the complex phase-to-phase yoltages can be computed
ared ortered in Bowes 35 through 40, Tha magnitudes of
the thres phaseto-phase woltages can be computed fram
Equation {13} and antered in Boxes 41, 42, and 43,

The attenuations for the phase-to-phase couplings are
computed with reference to the input phase-to-phase valtage,
which was twa volts, and entered in Boxes 44, 45, and 46.
The designations of the phese condectors s 1, 2, ard 3
refer here 10 the spatial positien of the phases, amd thay
do nat imply physical cantinuity of the phase wires, The
phase-to-phase combination 2-3, at the end of this line, is
the same physical pair to which we coupled at the trans
mitting and. It will be noted that the attenuation on this
pair i mudh highss than the attenuation on Phase Pairs
1< or 1:3, Figure 2,9 shows freguency respanse of thiz
ling from 3w 230 kHz, showing the attenmtions on the
three phase-to-phass combinations 1 the output. The
frequency of modal candsllation, computed from Equmtion
(211, 5 P64 kHz, The null which eocurs at this frequency
an Phase Palr B-C [2-31 is obvious in Figure 2.8,
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Althaugh modal analysis will provida & riich more
accurate prediction of PLG-line attenuation than older
methads based only an emgirical data, i will depend
for ite apcuracy on a knowledge of cerain key parameters
of the line, OF these, the most snsitive i the relative
modal welocity, This parameter, in turn, s dependarnt
upan such factars as line height and ground resistivity,
arel these may vary with line load, 1emparature, pre:
cipitation, e1c., @0 that it will always be wise 10 be
corgervative imapplying the results of analysis to predection
of waorstcase losses.

Twa method: pow are available 1o those desicing fo
calculate the attenuation to be expected on & proposed
of exiting transmission line from a knowledge of the
physical characteristics of the line and s environment.
These are!

la) Using the curves and table given in the foregaing
discussion arnd Form PLC-1284, avallable from BFL, the
amenuation may be easily calculated with the aid of a
simple scientific computer, & reproducible copy of Farm
PLC-1284 iz included, Additlonal copies are aesilable,

b1 A computer program hes been develeped by AFL 1o
perfarm sueh calculations of modal atenuation in arder

to provide complate frequency-response data of the PLC
line for various coupling arrangements, RFL is in a position
tr perform these caleculathons providing the information
nesded to characterize the lina b given. Meeded data are:

la) Mumber of phase wires and earth wires.

{b) Vertical and hosizontal coordinates of phese and
earth wires at tha tower.

|cl Aserage midspan sag of phase and earth wires.
[d) Kumber of subcondwctars per burndie,

{#] Aediss of subconductos, of bundle, and of outer
arrardd of subconductor.

(f} Mumber of strands in auter layer of suboonductor.

tah Radius of sarthwire, of outer siramd of sarthwire,
arel the mumber of outer strands.

ikl Reststivity of underlying sarth.

il Frequencies of interest.

[For standard conductors, information for ltems (=1, (15,
and |g) ean be obtakned fram standard wire tablas.)
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OTHER LOSSES

In addition o atienwation, it is necessy to take into
account other Iosses within the system.

Thi artrance cable may comribute losses rangirag from
0.2 te 1.6 d8 per 1000 feet. Resistive losses in the coupling
CApAcITars and inthe line-tuning wnits may be conservatively
eftimated at 3 d8 per coupling, as discussed in the folkowing
section titled Coupling. Coupling losses at the receiving
endl nesd mat be considered in making estirates of sigral-
to-rdise ratio, because noise and sigral will be equally
attenuated. Additional shunt losses may contribute 1 1o
3 dB, depending on the efficsency of the line traps wsed.
Any line taps employed should be completely bypassed
by the use of additional traps and coupling capacitars,
as they may atherwise sct as résonam stubs and contribute
umpredictabla varlations in impedance and stanging wanas,
The losses of sich bypasses may be & dB or more per
incident, and f this is wacceptable then soma form of
repeater should be amployed.

Adverse weather, in addition fo incressing noiss, will
tond 1o increase attenuation at PLEC fraquencies, Damp
wanther and earby light rainfall, which increasss the con-
ductivity of dust and ash deposited on insulators, may
ingrease the atterwation in dB by &5 much as two to ane.
Later, heawy rainfall may actually reducs ling losses by
washing the insulators clean, Hoar frosr snd skest, o line
iing, are knaown to incresse line stteruation radically at
PLC freguencies, Amanustion &1 lewer PLC frequencies, in
the vicinity of 50 kHz, has been reparted to incragse be
twesn twin and four times from these causes, a5 comparad
1o the fairwesther walues of attenuation, A1 higher fre-
queéncies, intreazes of attenuation from five 1o eight times

—_—

BirE mLT LINE BUE-—E;-[:I’IT LIME
EI'I.IE—E‘:J = l LINE

haua been reported. For this reasan, reliable operation of a
PLE eomimunication link wnder conditions of heavy frast
of glegl may require a Wy oOSTlY investrment in reserve
peawer, aspecially it higher frequencies must be esod

COUPLING

The necessary bolation of a line section at carvier fre-
quencies used for communication is sccomplished by a line
inducter comnacted @ series with the line, It is usually
twned to form a line trap, so that it presems & high
impedanca owver & band of frequencies which may be sither
Pigrroae OF Wide.

Separation of the power-frequency anergy from the
carrier-frequency band is accomplished with the woupling
capacitar, and the function of the linetuning unit is to
cancel the resctance of the coupling capacitor 1o schieve
optimum impedance matching and power transfar of the
darrier signal to and from the transmission line. Tha line-
Tunifg unit may alse tune aul the reactance of the coupling
capatitor aver either & narrow or a wide band af frequencies,

Some proposals have been made for utilizing the ire
pedances of the line trap, the coupling capacitor, the
statiorrbus Impedance, and the linetuning wnit all as
parts of & filler pair designed to perform the Tunctions
of separation and coupling in an optimur fashian,

The two most commanly empkoyed caupling methads,
cufilér-phase to grourd, and adjacent-phase 1o phase, ara
illustrated in Figure 2,12, Pure Mode1 coupling can be
achieved by & more alaborate scheme for coupling te all
three phases, bl this is costly,

[
L]
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i
3
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Figam 2,12, Coupling cirpstis: (8} Lenier-ghas Eo ground, and [h} adjscend-phass 10 Dhise
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Coupling Capacitors

The coupling capacitar, GG, Figure 2,12, must withstand
the full power voltage of the line, plus additioral sunges,
withoul breakdoven. I sérves 10 block The powes Fraguency
from the carrier equipment while pressnting low impedance
at carrier frequencies. It is available in voltage ratings fo
B0 k', or higher, and typically has capacitances from
2 to 12 nancfarads. Sometimes capactive wolisge trans
formers [CVT'sl are employed by power utilities for
moniteeing o contraol, ard thess may do doulble duty as
coupling capacitors for carriar communications,

Line Traps

The section of line used for PLC must be electrically
imlated, @t carrler frequencies, from the station bug or
athar ling sections with a line trap, LT, Figure 2,12, This
it a large inducter, capeble of continuously hardling high
values of power-frequency cuerrent, and rugged emaugh to
withstand the stresses of higher current surges. It ranges in
inductanca from about 0,265 mH 1o abowt 3 mH, Whils
large sductanses are vary expensive, smaller values do rot
narmally have sullicient reactance o decouple adedquatsly
at lower PLC frequencies; so it is common practioe to tune
the dime inductor with & tuning pack, which may form &
rescnant trap at one or bwo specific Frequenciss for narmow
chanrels, or which may present an impedance of 400 to
600 ohms ower a broad band of PLC frequencies, Whike
rarrowhand traps are largely resctiva, broadband Traps are
largaly resistive within the resonant bared, ard thus they
provide assuranss sfainst dmvanted resonance with un-
predictable reactance of the station bus ar other line seciion,

Wideband traps may be supplied either as fized-tuned
af as Tield-sdjustable. The latter may be advantageous
where the carrier frequencies to be wed are unknown. The
adjustable type & useful in this case becsuse a wide range
of carreer frequencies may be blodked in groups of smaller,
distrete bands. This trap akso accommcdates prasent of
future changes in carrier freguencies,

Somatimaes the station-bus impedance is shunted with
an additionsl by pess capacitar, and an untured line inductos
is employed to form a kowpass fllier, This is in parallel
with the highpass filter farmad from the coupling capacitor
arel line-tuning unst to form a lowpass-highpass pair coupling
to the powerling, & shawn o Figure 213 This arrange-
mant hag low coupling losses aver a beoad bard of fre-
guancias, DU IT invelves more expensive eguipment at the
coupling ste than cormentional broadband traps and ling-
tuming wnits. Proper choice of components gives a8 very
wide carrier hared, low coupling loss, and good isolation
from the substation bus. Field tuning is eliminated bacause
there are ro sdjustabile elements, and this enhances reliability
where poswer-gystem disturbiances are severs,

Inductence of the line inductor, 087 to 20 mH, is
hgh cormpared to thet of a tuned line trap. Itz Q s low @
carrier frequencies, high at power fraguency. 52 resanance
occurs at a low freguency, Thesa factors give the line
inductor an impedance cherstleristic over a wide frequency
band which is superior to that of a wideband trap. Figure

Wl LINE

i

Figura F. 13 Circult upad 1or Iowpaas-highppeas copling,
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Figure 2.14. Typital Fmpiadancs and rayiisnce af 3
FEDD-pmipere. §d-mH oL

214 shows typical impedance and resistanice of a 1800-
amipara, 1.0-mH coil.

Tuning Wnits

For elficient coupling at carrier frequencies, it is nee
erary to cancel the reactance of the coupling capacitor by
maans of inductancs in the lime-1uning wunit, and 1o match
tha impedance of the powerline. Powerline impedances
are typically 350 to 400 ohms, phase-to-ground, and 420
to BO0 ohms phase-to-phase. Comeonly wsed estimates
are 200 ohms and 500 ohms, respectively.

The trarmsformers which are included in line-tuning units
are ypically provided with several taps o facilitate optimum
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irmpadance matching betwesn the terminal and the powe:
line. Proper impsdance match at bath ports of the tuning
unit is important not only to assure maximum poear
transfer but alse to prevent undesirable standing wives due
to reflections &1 8 mamaiched junction, and 10 pamit
optimum balancing of the f ybrid, if used, for maximum
trans-hybrid loss. The degree of Impedance matching is
preferably expressed in terma of return kosgs.

Feturn Lass

Whenewer a signal sourtc® ol redestive inmermnsl impedance,
A, s terminated by a loed of impedance £, which may be
ar end device of a trorscducer, i€ i a convBnient CoRGEp
1o conskler that the sowrce i putting cut the maximum
power of which i1 is capatle, Ths s the power which it
would put inte a losd equal o the source impedance, [,
and it is referred to as the incident vave, & portion of this
incident power will be absorbed by the load of ransferrad
1@ a koad, whilke the remainder will be reflected, or returned
ta the source, The ratio of the incident power to the
reflected power wave, usually expressed in decibels, &
called the return loss, ar echo attencation. it is often
abbreviatad Ay, and i given by the following Equation:

Z+A|

|z-#|2

There are three conditions undar which the magnitude
functions in the numeratar and denominator are equal,
and henca the return koss is zero, Thess are when the oed
impaclance £ B zera, is infinite, or & purely resctive.
Obwiausly, under these conditiens the load can absorb o
power ancd so the incident power is 8l retuened to the
solrce, If £ B egual to R, the incident power is all
absorbed by the load so that the retem loss is infinite.
Return loss is hence a meaningful way of expressing
guantitatieely the degree of match beteesn a source and
a load. Undess the load is purely résistive, &8 simples impadance
ratie cannot express mismatch in a meaningTul way.

|z+R|

A, = 10 g | |
i

- 20 lag 12.8)

Features and Application of the Lime-Tuning Unit

Tha line-tuning wnit, likke the trap, may be resanant with
the @oupling capacitor at elther one or Teo  specific
freguencies, or soross & broad band of carrler frequencies.
Frequently, the coupling capscitor &nd ling-tening wunit
form @ highpass filter. The filtering required is very simple,
ut the tuning wnit will have to pass carrier sigrals &t
poveers up o 100 watts, and it must usually be equipped
with a drain coll, surge protectar, safety shorting switch,
gie, The tuning unit is normally located clom o the
coupling capacitos in the switchyard, and it must be
weatherproof, For phase-to-phase cowpling, it is comman
o employ Wwa  line-tuning undts, driven by a suitable
push-pull transtanrern,

S/N RATIO, SYSTEM LOADING, and OUTPUT POWER

Thess thres Il.lhil.'ﬁs are closaly interralatad and are, in
trn, related to the system noise levels and losses discussed

earlier. Once the nolse evel and systemn bosses, including
caupling and shunt losses, are known ar estimated, the 3/
ratio at the receiving end can e used to determine the
necessary output power from the transmétter. This is the
povedr NEceEsary just to compensate Tor all losses in the
systam plus that needed fo raise the received-signal leval
above the noige lavel by whatewer amount is st by the
desigrer as & desirable 50N ratie,

Il the chanmel sarwes a single function, such as a woipe
channel, then the S/W ratho and the output poser can e
related fo the testtone sl represanting the average
speech power, For speech wihich is not compandored, the
S/M ratio shoutd be 30 to 40 dB for good quality and
intelligisility. For esampla, If the noise in a speech charins]
& at a level ol —20 dBrn, then good speech quality can
b achimved if the recsived-signal lewel i@ 10 dBm. If line
and coupling bosses total 26 dB, then the tranamitted
autput power will hawve to be +35 dBm, or gbout 316 wells,
Tar this voica channad,

If, howerer, o channel servas multiple functions, such as
speech, telemetering, data, and signaling, the situation is
mare complex, Different types of neise will have differant
affects upon different types of detectors. Because average
nise powar s propartional to bardwidth, rarrowband
torw channgls willl have relatieely less noise power within
thair bands. Moreover, FSE carriers are inharently bess
sansitiva te noise than are AM-type signals, For such reasens,
it iz normally possible to operate the tones at lewels
10 dB or more below the test-tone level established
far speach.

Channel  Loading

When computing the leading e o multifunction channel,
that is, the numbers and relative powers af 1he various
functional comporents of the channel, it is necessary o
use signal voltages rather than signal powers. Amplifiers
and other components will be rated 1o handie certain peak
woltages without clipping and distortion, and the peak
woltages of the warious signals within the channel may add
instantanecusly. The ratio of peak to average signal, how-
ewer, especially for voice, is o great thet i becomes bath
pepedient and sooceptable to introsduce & diversiny factor
1t account for the fact that statistically peaks almost
never add simultanecusly,

System diversity factor is defimed B3 the ratio of the
sum of the individual masimum demands of the various
subdivigions of a system to the maximum demand of the
whole syster. It is normally greater than unity, especially
for systems with many subdivisions, For this reason, the
practice of rating the system poweer as corresponding 1o the
st of the peek instantanecus voltages across the losd,
which iz <alled the peak enwelope power (PEP), is a
conservative practice which, for economic reasons, may not
abways be Teasible. Mevertheless, system components will
aften be rated in terms of PEP, snd so channel knading
should be compurbésd oo That basis.
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Equation (2.9} may be used to compute the PEF pi
8 multifunction channel:

P=P, [Z (N, RI]? 2.9

P is the PEF,
I:"I is the test-tomneposver bevel,
M, is the numbes of channels of Typa k,

and A, is the ratic of the voltage in each type of chan-
nil to the test-tone valtage,

&n axample will make thé clearar,

Assume a system in which the test-tane level s ZE dBm
{0.784 watts), and assume the channel & loaded with
the follceing:

{a) One woice channgl, for which it & sssumed that the
peak power will be 3 dB above the el-tone power,
Thiis sets Ru at 1.14 for that channel.

(bl Two twne channels with peak power of =10 4B
bielowr test tone. Thus, for these channels FI;h = .36,

{ch Six tone channels with pesk power of —6 dB below
that of the test fone, o that FIM = 1.5,

Than, for this loading, tha PEP for the channel will be,
uiing Equatisn [25]:

F=0.784 [1.41 # [2x0.316) + (8x 0.6} ¥ =2023W (2.10]

This ey be compared Lo the sarlier examplhe in this
section, in which test-tore level required was 3218 watts
which, when ussd in (2.8), would give a PEP of BJ.54
watls, even though the rms power is only B.53 watts. This
indicates the extreme esconomic penalty involved in design-
ing carservatively for PEP.

Although voicé chammals may have the Mol SWingant
requirement for a good 5N ratio, it should be noted that
the apparent 5/M ratia of such a channel may be improved
by as much a5 two to one, in dB, by wsing a compandar.
That is, the required 5N ravke may be reducad by a factor
of two and, thersby, substantially raduce the power lewel
needed at the ransmitler. See Compandors, page B.

Tones used for protective ralaying have demanding
requiremants with megard to depandability and security.
Thary must function sccurstely while faults are on the
lir, a1 which time both line lossss amd fodse levels
are high. For this reason, systerns often will elewate ar
“exalt™ line-protection signals when transmitting a trip
signal, while simultamecusly suppressing all noressential
communicatiaon fumctions. This practice will be necassary
to corserve sty PLEC powar whers line loss andfor
noise are high,

PLE terminala usad for bad-way cammunication nosmally
amplay o Mybrid crcuits Tor twa-wire o four-sire con-

version. Since the usual 3-dB hybrid loss would involve
i loss of ome half of the fransmitter’s power, The hivibrsd (5
customarily skewed to reduce the loss in the sending
direction o sbout 0.5 dB. This results in abouwt 12 dB
of hybrid lass in the receiving diréction; but since both
pagnal and noige are attenuatsd squally there iz no
deteriaration of the 5N ratio.

The two-wire impedance of tha hybrid should be
secified to mateh the characieristic impedance of the
cohie used to connect the terminal to the line-tuning wst,
Propes match (g necessary if the hybrid is to be balanoed
for rmaximum trans-hyirid loss, which will commonly be
35 1o 45 4B,

INSULATED SHIELD WIRES

Thia overhesd shield wirels] on a powerline can be used
a4 @ transmission medium by insulating the conductors
from the towers, Thase are usally isolated with an ngulator
hawing an airgap breakdown of 15 o 26 kY, Thus, the
original purpose Tor the shigld wires as lightning protection
is not compramised. A Benedit from using wverhead shield
wires for communication is the redwstion of power-fraguen-
oy drainage currents induced in them. The resulting povwer
sgwirg may ba significant for a shieldwire pair in which
the penductons are properly transposed.

Insulating vhe sheald wines causes a slight increase in the
rero-seguence jrnpedance of a powerlire circuit, and this
can cause a corresponding mcrease in gvervaliages sssisiated
with line=toground faults. In most systerns this can be
meglected, although in systerms with high ground impedance
it may be significant.

Terminating Equipment

& suiteble coupling dewice must be used &t sach shisld-
wire terminal to provide a drainage path to ground Tor the
induced power-freguency influence, and for lightning cur-
rants, while coupling the carrier signal 1o the shield wires.

The cost of the coupling equipment required for an
insulated-shigld-wire system & less than for phavewire
coupling because the high-voltage insubstion of coupling
capscitong: ardd wave traps s omitted. Thus, the cost of
shield-wire caupling equipment remains relatively low and
constant a5 a function of the woltage on the systam. The
shigld-wire channel also has an advantage in ngt reguiring
B posverling sutage when maintensncs is required, wheraas
this is abaays mesded far major maintenance of phesewire
auipment.

Conduciors and Ingulation

Corductors used on a rew insulated-shissd-wire channal
are usally aluminum-jacketed meel cables. Similar insulstion
Is st irnas sdded 1o axigting steal wered, The characteristic
impatance of & single overhead insulated-shield-wire L 1§
approximately BDD ofifms. Far a balanced pair, it is about
900 ohrs.

s = s ==
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Transpositbomng

Whenever twio insilated ghiekd wires are used as a pair,
transpasition is nepesery for saving 50 or B)-Hz power,
te provide balance in the commanication cirouit, and to
make the termination requiramants bess difficult. The
chjective in selecting bocatipns for trarsposition s to
pqualize the induced power-freguency current in the two
wirgs, This is dore by equslly dividing the distance aver
which each wire ocoupies #ach pasition In the line's con
figuratepn. The manimuem distance betwaan [FaNEposITONg
will ba detarmingd by how muwch woltage shauldd be parmii-
ted 1o exist on the shiald wires during heary powerling
I|:|;|I:|il'lg. Deperdirg an ling cirrant, ardd an wger practice,
guidelines limiting this distence o saluss fram G to 30
il have been used.

Performance

Flashover acrass shiokd-wire ingulators will cause the
carrier-frequency attenuation of the circuit 1o incresse, but
isally mot enough 10 cause 3 communication owlsgs. Tha
duration and the amount of the increase depend on the
cause of the Tlashower and the momentary power-circuit
conditions which sccompary it, For erample, where light-
ning causes a flashower which oceurs anly on the shield
wires, the added loss will be small and it deration oy pleally
of the order of one millisecond, or less, Measuremenis have
indicated an incresse n loas rangang from 1 to 8 4B,
depending an carrier frequensy, during fleshavers near the
erd of a line. Flashavers which accompany a powerline
fault will last wmtil the fault is chesred, typicalty G0
millsesands, or longér.

During wet weather there is approximately 2 piir vt
increase in attenuation. Insulated shield wires arg more
suscaptible to increased lasses due to frost than are phase
wiras, for they do not have significant current-induced
heating. Morsovar, oo bridges are sometimes formed oner
the relativaly small sulatars, Complete communiction-
circuit oulages have been axperiencsd during severe icing
cardditians.

Terminal sguipment used on shield-wire channels cam
be identical 10 that wied on phasewireg channets, Most of
the transmitters used currently have ong wall oF greatar ot
put,

& frequency range from 8 to 500 kH:z is technically
feasible for shiekd-wireé channaks. Because high noise and
interference are present al low frequancies, the coupling
aquipmant must be designed to provide a bandpess or
highpass Tilver for tha cerrier sgnal. A cutoff freguency
af about & kHz, and attenuation of at least 40 dB below
this frequency shoukd be used,

Irsialatpd-shiald swire channels are uwed for woice, supsr-
visary contrgd, alarm, and telemetry functions. Some
protective-relaying channals have been applied, but there
s limited experiance with this applsestion,

Billiagraphy

The following references on the sibject of insulated-
shield=wire channels may be al interest:

“Application and Operating Experience of Carrier Com-
munications Over Insulated Static Wire™, T. 0. Wood, Jr.,
Paper Mo. 31-CP-66-41, |EEE Winter Power Meating,
Mew York, N. Y., January 30-February 4, 1866,

"Use of Insubated Grownd Wires on a Transmisgsion Line for
Communication Channels™, G. E, Farmer, |EEE Transac.
PAS, No. B9, pp. BB4-891, {Dec. 1963).

“Protection of Communication Cincuits Serving Electric
Fower Systems”, C. L. Aoach and G. Y, R. Allen, CIGRE
Report MNo. 308, 1966

Guide for Power Ling Carrier Applicatians, Proposed IEEE
Standards Project PE43/D1.

INTRABEUNOLE CHANNELS

Bundled phase condwctors can provide a means for
wndirg PLE signals on a single phass of a powerling
without the resd for a ground-refurn path. The approach
invalves the tranemission of signals on two o more
coructors within & multkonductor phase bundle in which
the individual conductors are insulated from sach other.
At this time, applications have been limited to &xperi-
mreErital lirses,

Trearetical and experimental work has been carried
aut on such channels, and an experimental intrabundle
line has bean operatad im the LISSA (7).

Application

Intrabundle channels are essentially urtried, ardd Thay
inalye the usa of sevaral unprosed fechnigues. Experisnce
is lackimg with line-coupling matheds, with performance

af insulated separators, and on bahevior of faults, Loss
paused by icing is an important problem.

Tre technigue, however, has several signif icant advan-
Cages, including:

[al Loseer famr-weather ling losses than comvantional
carrier channels

(] Large crosstalk attanwestion betaeen intrabundle chan-
ey,

(el Higher density application af channels.

{dl Less interference with or from radio services in the
PLEC band,

It is believed that the intrebundle channel may become
ar important  technigue in futurs application of PLE,
particularly in sce-free araas.

111 "Plasbiuresanl afd Caloslation of Inrapundie HF Commund-
cation Pashs™, E. C. Ersatkina, ab s, [USSA) Peper 33:08, CeEAE
Irderrabional GConference on Lage High Yoitigs Eeciric Sy,
Paris, Framecn, Aug. 31-7§, LR A,
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Chapter 3

TYPICAL SYSTEMS

INTRODUCTION

The PLC terminal provides the transmitting and recssing
chanmels requirad for all kinds of comamunicatien functions
using this redium of trarsmision These include voica,
sigraling, 1elecontral, telematering, and prolective-relaying
systeams, all of which operate in the voice-freguency band.
The terminal equipment pravides these channels by using
frequency trarslating equipment, power amiplifeers as need-
o, and means for coupling fo the powerling,

MODULATION

Chadce of modulatian plans fer & PLC swstem depends
upan Beth the detailed nature of the rarsmission line o
be wsed and on the kind of commuenication servics reeded.
In lowe-frequency (4-G0 kHzl systems using operwine lines
ar insulated shield wires & the transmission mediem,
simgie-sTage modulation, using just one Treguency ranslation,
is olten mast sconamical.

In PLC systems where good selectivity is needed o
utiliza the awallable frequency specirum most affectively,
doubla-stage modulation, using twad Treguency transiations,
& wsed most often.

It will be noted that there (s no predisposad maodulation
plan which is basic 1 RFL'S design for Series 65 S5B

equipment. The desigrer is free, therefors, to choose as
many or as few channels as resded, ard these may be
disposed at any frequency in either ar bath the intermediate-
frequancy band and the high-fraquency band. This fresdom
al chaice will tend to simplify the planning and design
of any PLC communication system, It also offers an easy
cholca whan planning for future expamsion of a system,

Simgle Translation

& gingleschamnel, low-froquency modulation plan &
shown at Figure 3.1 (A, in which the lower sdeband i
trangmitted with & suppresssd carrier at 20 kHz The
bidirectienal arrosvs at points of frequency changs indicate
that the swstem s recesrving when a Model 65 DEMOD s
used, of is eanding when a Model B85 MOD is used as the
wanslator. Figure 31 (B] shows an identical system
arranged Tor use af the upper sideband. In either cse, the
unused sideband, resulting from the modulation process,
is suppressed with a filter,

Figure 3.1 [C] thaws the same system, to which has besn
added a second chanmel to oeaxte a teo-channel system.
In this arrangement, the audio information from Charmal &
is carried an the lower sideband, Chanmel-8 audio s carrsed
an the upper debard of the samea carrier.

T
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Figure 3.2 shows & four-channel system using 2 single
freguency trarslation. This is simply two of the systems
shown in Figure 31 |C), each af which hes a different
carrier frequency. & single pilat carrier in &ither of tha
channels is sufficient for conmtrolling both carriers for
demadulation &l the receiving tearminal,

Double Translation

Figure 3.3 outlines a two-channel system using double
tranglation, |t will be a sending or receiving terminal
depending upon chice of modulator and an LIponvarier
for sending o of demodulator and downconserter for
recedwing. If anly a single-channel systern is wanted, audio-
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Figura 13, & fwo-thannel svidam using double-frequissy franglyticn.

Figurs 3.3, A lcar-chafnl Sysbem wing singls-Fraquancy translatian,

channal & &nd ore mcdulator or demadulator are omithbed,
and Filters, if neadad, are used 10 SUPRress urmwanied side-
tands. Typical freguencies are shown, bul i 18 apparent
that any of these systems may be used with Treguencies
at any place in the fraquancy bards of the madulatar, the
demadulator, ard the up and down Converters.

The eoonomical uiilization of terminal equipment be-
comes apparant in Figure 3.4, which i simgly teo of the
gyaterms shown in Figure 2.3, making a four-channel systém
inwhich only one comderter is needed for the high-Fregusncy
trandlation. This concept can be extendsd o provide
several more channels, all passed through pust one converter.

LOW-FREQUENCY SINGLE-CHANNEL SYSTEM

A, single-channel, low-Treguency, two-way [duplex] PLE
terminal is cutlined on Figure 3.5, ldentical sguipsmant
is required at the opposite terminal. The Maodels G5 MOD
and 65 DEMOD provide for any carrier frequency betbassn
& and 80 kHz. If there are no constraints, the system usually
i operated &0 & supprassed-caivier frequency between 20
&id 30 kHE.

In Figure 3.5, one sideband is used for sending, the ather
for recaiving. At the opposite terminal, these chaices would,
of course, be reversed, The Model 65 MOD translates the
audio signal to the intermediate carrier frequency, suppressas
the carrier, ared removes the undesired sidebard with its
cutput filter, The signal & ralied to the level requisite
for transmisson aver The powerling with the Model 65 AMP,
Ar the line, the sutput of the traremitier and the inpur
to the receiver are combined with Filters amd a hybrid.
This wolates the two main sections of the ferminal to
minimize both loading of the trarsmitier and interferencs
to the receiving function.

The repeived sgnal @ passed from the recaiving filter
to an adjustable antenuator where g leved s 231 o that
required by the input circuit to the demodulatos. The
Model 88 DEMOD inserts the suppressed carrier and trans-
latas the signal to the audie band,
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Figure 3.4, & fous-chanessl sysiem uing doune-fraquancy iresulation.

The Medsl G5 COMP Compandor, shown an Figure 3.5,
containg both a compressor for ransmitting and an expandes
for receiving speech signals, Because powerline noise &
greater at lower frequencies, the Model 65 COMP &
recomimended for this system it wsed for telephany.

The Model B5 FS SIG provides for sending and recaiving
the announcerment of & call. The signal directed to the
oppasite terminal is entered on the M lead, A call signal
froem the other terminal iz received on the E lead, The
sigraling tone wed (s frequency-shift keyed, and, therefore,
is akways prasant.

The receiving side of esach terminal is squipped with
automatic-gain centrol [AGCH havirg 3 dynamic range of
mare than 40 4B, An AGC circuit s included in the af
section of the demodulator, ardd control =& provided Trom
the aptional AGC circuit of the signaling transceiver. The
put-of-band signaling tone i used Bg a pilot for the AGC.
This comgpensates for changes = attenuateon of tha poeiar-
ling, such as those caused by adwerse weather.

Tha af hybrid provides for transformation of the Tour-
wirg af ports of the transmitter and receiver into a teo-wine

drop suitable for conmection with a standard telephone
ling, PEX, of lacal instrument.

If required by the system, a Maodel 65 SYMNC Synchro
nizer may b added to synchranize esch receiving unit with
tha carrier frequency of ks compansan sending unit at The
apposite terminal, in which case the carrier will be
tranamitied gt redisced level, rather than completsly sug-
presaed,

HIGH-FREQUENCY SINGLE-CHANNEL SYSTEM

A single-chanrel, high-frequancy PLGC terminal & aut-
linad in black-diagram farm on Figure 3.6. The termiral i
essantially the previowsly described kow-frequendsy @rminal,
to which has been added the necessary freqguency’ transiators
ard auxiliary eguipment. For this single-channel systemn,
upper and lower sidebands of & supgrassed carrier may be
used for sending and receiving.

On the tramsmitiing side, the S5B output of the B5 MOD
is Fed 1o the Madal 65 UPCDNY, whare it is translated to
an RAF carrier frequency. A bandpass filer & wsad to
ramoyve the urmwanted sideband, One or more amplifiers,
as necessary, arg sed 10 ralee the output leeel 1o owercome
the losses and attenuation of the powerling, &n additional
fliter at the output rejects spuriows signals fram the
anmplifier,

The ef hybrid and filter are wged to lsolate the high-
power signal of the transmitter from the sansitive recaiver
imput. The hybrid is usually skewed o minimize powar
less In the fransmitting direction at the expense of greater
less im the recalving directian,

The signal received & attermated as needed o fit the
input sensitivity of the kodel 85 DNCONY. This module
trarslates the frequency o the mput slgral 1o The cparating
rarge of the Madel 65 DEMOD. From this point, the
receiving process is identical to that described tar the
low-frequency system,

GUTPUT
61 AMP BANDPASS
FILTER
4-WIRE EMD 0000 | —
2 i
HBRID
u
E-WIRE i
SEND B FEGC COMP Ej“‘ F5 G = PWERLIME
1aPT} IRPUT
LINE BANDEASS
Hhos ATTEN FILTER
4=wiRE REC }c%: TR &% DENOD

Figurg 3.5 & singk-onanngl, low-frequency. duplse tarminasl,
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Though ol abaays essantial, the guslity of the circiin
will be upgraded by addition of the Model 65 SYMNC and
uss af a pilat carrigr. The is shown on Figuee 3.6 From
the carrier ascillator of the 66 MOD, 1ha Model 66 SYNC
provides the low-level pilor carriar to the 6% UPGDMNW
far transmissicn. Snd, fram the autput of the G5 DMCONY,
it exfracis the pilol carrier received from the opposite
terminal and raises it in amplitude 1o provide the 65 DEMOD
the carrigr-frequency  signal needed o demodulate the
incaming signal. AGC information may be taken from either
the signaling transosiver or fram the synchronizer,

The notes on Figueee 36 deseribe g varlety of gholess
available 10 the dasegmer. '::'I"ll'r' a wnghe yoics channel @
outhined arn this Tiguee, But i1 may Do obhotrved that a
sirgle group of RF sguipment <an sérve a rmultliplicety
af wvoice channels. Such additional channéls arie cormbansd,
on the transmitting side, at the summing.amplifier input
of the Model 65 LUPCONY. Similarly, for receiving, addi-
tignal channgls are extractad, with bandpase filters at their
individual demodulators, &1 the suiput of the Model G5
DHCONY. Moreoyer, all audio channels may  cEnlam
segrarate superaudia mformation, transmitied and réeseived
as outlined for the single channel shown on Figure 3.8

REPEATERS

Az putlined in Chapier 1, repsaters can b opsratsd
at intermiediate frequency ar at audic frequency, depending
on the kind and guantity of information to be dropped
ar madified at the location of the repsater. Details of

terminal equipment for thase repeaters ara cutlined in
the folkowing,

Intermediate-Frequency Repeater

The |F repeater dhown a8 Figure 3.7 detsilt the terminal
swngested on Figure 1.12.

Oiparating Tregquenciss betwesn the West terminal and
the repeater are differert from those used betwsen the
repeater ard the East terminal. Line traps at the repeater
saparate the signals arriving from or sent 10 the distant
PAEL L E HFEh-U-Dl[B-I]E coupling capacitor: ard line-1uning
unity are ussd 1o cornect thE common |AF] equipment
w tha line in either dwection. Al sipnals are repested
directly through the connsction between the two seis of
comman equipment [CEL.

When g bridging audio drop g required, T arrangeimant
shown in Figure 3B s wsed. Here, all signals are repested
through The Pvbrid operating at interrmediate Trequency,
including the chanrels on which awlio drops are paralieled.
This fourway fouravire hybrid may be adther passive or
an sotive hylrid bDesed on the proper combination of
Madel 66 WB DUAL AMP madules. Carrier sgnals far
madulating and demodulating individual channels may be
taken from synchronizers deriving their frequency fram
&ither the East ar the West terminal, or fraom an indeperdent
lscal oscillatar. But, in any case, the notch filters, which
have narrceband repection at the pilot-tore frequency, are
ingerted in the fourswire |F receiving lag, in eithar direction,

LT LT I LT LT
| { [ P £ 8
I [J I 4 HEs L| Fi |_|
| 1% {_
|
1 - - =t == =—=gr
| | ,
| i |
i LTu LTU LTu LTu 1
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[ ] I
I i CE CE CE
I
X CH | |
CHE | Ers
CH & CH 3 |
CH 4 oH 4 |
|

WEST iy E&ST |
i'-' .,“_m“—-}-l— REPEATER T L i

LT LINE TRaP
LTU LINE-Tunins umIiT

Of COUPLING CARACITON |
CE COMMCM EQPT (916 38) i

Flgure 3.7, Tysieal IF Baisband repealer,
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to prevent retransmission of the carrier-fréguency sigrnal
used locally for modulation or demodulation.

Sate of individusl channal equipmant are required for
sach channel for which an audio deop B reguired, amd it
will b= noted that this system does nol peemil slteration
af the pontent of miarmation onany channel so dropped.

Audio-Fregueney Repeater

In Figure 3.8, which details the audio-freguency regeatar
autlined on Figure 1.14, line-freguency [RF) signals are
dropped 1o audio frequency before being repeated. Asg for
the farmer repeater, isolEting lne raps, high-voltage ol
pling capacitors, line-uning units, and common RF aguip-
ment all &re required. In addition, individual channel
squipment is reguired for every channel that is to be
regeated. The sudia-Treguency Fybred indicatsd For Chane
nel 1 performs the wuswal function of a hybrid, and one will
be required for each channel repeated.

The data-transit filier {5 a high-pass filter which provides
for répeatling superalidio tones sorpss the repesling point.

Figura 1.5 Typlesl IF baseband repealer eduiomend with sedio drop

I desired, hovwever, the oontent of both audio and of
supesraudio information may be altered a1 a repeating point.

COMPOSITION OF THE SYSTEM

Because the AFL Series 65 is nol & rigedly standsrdized
wyitam, offering cnly ome modulation plan snd & fixed
nisriier of channals, the designer is free o establish the
particular PLC system desired, anticipating growih but
prowiding sdditional sguipment only when and il nesded.
He need select, at ore time, o mare and no less than the
type and guantity of individual circuit modules needed to
craate ar to gxpand his sysiem,

Tha various circuit elements, featwres, and conospis
seailable for e in oa system, &8 discossed o These Tire
thees chaptors, <an b2 ncleded, omitted, or &ddad later
according to nesd. I reguirements change in the future, the
syitem can be adapted easily to supoly the new demancds.

A typical terminal is shown as Figure 3,10,

Al
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This RFL Series B8 Time-Division Mulkti-
plex System indudes 24 points of contraol
and indication and status, with twao paints of
tap change Incorporating digital position
raporting, all ussd tor supsrvisocry conmtrol.
It s wypical ol pEripheral equipment that
gan be compnected to a FLC system.
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PERIPHERAL EQUIPMENT

GENERAL

A PLC ferminal can be defined as the aguipment
reguined to acocept one or more tevo-wire voice channels
andl operate on them so that a compesite sigmal is delivered
to the powerline in whateyer Torm is estaBliched by the
designer of the systermn. &t the receiving terminal, tha
revirse aperatian s effected, o this semis, the terminal
presents the user with ane or mare independent 4-kHz
mmmunicatisn channels, =sch of which may b& put 1o
whatever purpose is chogen.

Because RFL specialifés in SOMMUnicatian Systems,
it is in a position not only to supply PLC termanals Bur
alss 1o dedign and supply complete peripheral systems
codmprising the legical extansion of the input and output
parts of a FLC wreningl, This chapier outlines a few
passibilities,

Chapter 4

SELECTIVE CALLING TELEPHONE UNIT

Tha RFL Series G500 SCTU, Sclective Calling Telephone
Unit, has boan desigred 1o provide two-way selective dialing
beraaan wbkephonds at various locatiars in a party-line
telephong Communication gystem,

A standard telephone handset with dualtone, multi-
frequency (DTMF) pushburton dial can be used ot each
extension of the AFL Series 6500 SCTU,

A two-digit oF three-digit nismbaring plan may be adopted
in the party-ling natwoeek. If @ nwe-digit numbering plan is
used, the party-ling network could hawe as many as 10
terminals; sach capsble of handling & many &1 10 extangians,
If a three-digit mumbering plan is used, the party-ling met-
wark could hawe as many as 100 terminals; sach capable of
haredlirg as many as 10 exiengions,

An optional relay card, avallable with the terminal can
provide remote control snd supervision of 10 mé moDe points,

Because RFL™ and Hubbell® have a policy of continuous product improvement,
we reserve the right to change designs and specifications without notice.

35



DARDERWIRE S¥STEM

An orderwire is often desoribed as & party-line 1&lephone
crcuit, in which wo or mone stations are Tree o cammuni-
cate, either individually ar as a group, at will. This system
of communication has besn found to be especially con
verient in supervespny-control work, such &5 mansgemnt
of a powerline, where twn or Mone DpErETers Must function
copperatively o achisss & desred goal, RFL's PLEC terminals
often are equipped with erderwire facilities,

Althowgh described gendrally as a party-ling sysiem,
orderwire circuits frequently are set up with dual-tone,
multi-frequency [DTMF] sigraling in which wp o 998
giations can be called selactiwely, An optiaonal privacy
feature permils anly the called station, or sations, to be
connected to the system. To prévent the arginating station
fromi tying up the system for taa long a period, an optioral
timeout circuit will release the system to other callers
after a predetermined time. & sokce-activity detector may
be added ta the system to prevent a station insdvertently
left aff-hoak from tying up the system. If desired, dial tore,
busy tore, call tone, and timecut tones can be provided,
Sidetone, which also provides sudibde recognition of trans
mitted DTMF tones, & standard,

E and M ssgnaling, described earlier, ig alio availabla,

All RFL orderwire gyeléems are sultable for use in
“cpsgch-plus™ systems, cutlined o Chapter 1.

Figure 4.1 shows repressntabice Orderddira Termmnals,
Tha station at the top includes a keypad Tor DTMEF calling
o ather stationg in the system, Calls received at this station
are annourssd through the loudspezker,

ar penter of this lllustration is a simple station, suitabbs
for A subordinate remote point at which calls are ariginated
with a single pushbutton,

At the bewer part of Figure 4.7 i an eroerewire conre
canter g1 which not gnly 5 voice communicaten used but
alaa & namber of diffarant sources of wgnals can ba salactad
for conmection to a variany of diffarent circuins,

Deails of orderwire systems are glvan in Bulletin GES0-
LW, which may be requasted

PROTECTIVE RELAYING

Contral signals Tor protastive relaving are alimost i
versally carrssd by PLC systems Tor protection ol the
pavwerline against shorl circwits and ather averloads, The
RF L Series 8745 squipment compeises a system specifically
designed for carrying such signak in a format that permits
pptimizing the necessary tradeoff between dependability
amd  security akbways required. It lg & completely et
containged, golid-sate, dual-subchanngl gy stem,

Physical appearance af the squipment is similar o that
of the PLC equipment, for the same chassis and style of
plugsin circuit board are used.

Freguency assgnenents for the system are taken from a
froup choser 19 opérate in the voice-fregueency bard of
the PLC swstem. One ar mare protective-relaying circuits
may occupy a comglete PLC channel, or they may ba
multiplexed with othar sagnaks,

For details on this and othar protective-ralaying squip:
e, réequest additicnsl information from AFL.

Figure 4.1, Typhal cederaine fanmina.
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VDICE-FREQUENCY CARRIER EQUIPMENT

Caries BASD equipment comprisss a group of modules
ussd 1o provide for mwltiplexing & quantity of data circuits
an & sirmgle FLC woice channel by dsing audio-frequency
carriar, often called “tonss’”. Depending upon spoed of
ransmission, up to 27 such channels can be muitiplexed
an a single weice chanmel, Bulletin SBEASD is awvailable
Far details.

Transmitters ardd recelvers have been  desgned for
iIFBPtiI:Il'I-i"'!.' lo distartion, Thﬂ'g' can be used For either
two-fraquency or three-Trequency FSK  operation, for
armplitude keying (AM], or for both simultaneowsiy, They
opeate up to 1200 baud in the volce beand, snd can be
operated (o 4800 baud st higher freguencies.

Supplementing the basic trarsmitters and receivers, the
serigs includes modules such as a carrier detector responding
not only to absolute lewel of signal bt also o S5 ratio,
& line=interface modula containg pppropriate amplitiers
for fanning several inputs of outputs @ or from a single
lime, @3 that i1 fenctians as an sctive beidge. A band pacs-
ampdifier module makes it possible f0 nsert or exiract a
single multipleced slanal & 8 group. And & line-Tarrminatiaon
unll can provide specific inmerfaces needed betwesn signal-
proceising units and the communication link.

This equipment provides the basic transmitting and
racaiing terminals Tor such infarrmation as analog or digital
telemetry, computer linkage, time-sharing, data collection
and transmission, telegraph channels, and spBrvisory-oon-
trol signals. 1t will supply these functions either indepern-
dently or as 8 component of & speech-plus systam.

VOICE-FREQUENCY CARRIER TELEGRAPH

A unigue element of the Series G50 System, the
Model G8A THE/RX b a transceivar lcombined trammines
and raceiver| designéd sspecially Tor data agplications
Bulletin EBVFCT is available with details, & PLC charmel
can be the communication medium.

In @ single, compact modula, this Tramsceiver provides
for & wide variety of deta-iranimission reguirements
inCluding telegraphy, data, speech-plus-data, supervisory
caritrol, amd alarms. Its flexibility in digital interfaces
F'l'l:l'-'ldl'-'i fior sither newtral or polar akegraph laops, polar,
EIAMCCITT poasitive ar negative legic, TTL, DTL, or CMOS
digital interfaces.

Flexibility of assipnment, or reassignment, of operating
frequencies is achieved by using separate plug-an flitar
cards for tramsmitter and receleer, Intermixing channal
speeds and bandwidths ls pessible dus to the selectivity
and nonloading characteristics of these filters,

Modular printed-circuit boards Tor plug-an assemblies
mprowvice for customized selection of optional features,
Thase are availsble nol anly for cystern reguirements,
wich a5 polar ar neutral telegraph loogps, filter selectivity,
laww-lavel digital interfaces, reguest-to-smend and clear-to-send
delay, carrier detector and amplification, but also for
disgrostic and monitoring needs such ax w-f carrier and
dc jacks, carrier-detector indicator, and recatesd-data inds-
cator,

Figure 4.2 shows two wiews of the Model GBS TX/RX,

Figurs 4.7 Model 85 THR X with plug-on cargde
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SUPERVISORY-CONTROL SYSTEMS

Supervisory-control systems are wied to control ard
monitor the status of such items a8 valves, pumps, and gir-
ciin breakars, Dagital telarmatering may be added for trans
mistion of such parameters as woltage, ourrent, power,
phase, pressure, flow, level, and termperature. The method
of fransmission most frequenthy used is time-division mabkti-
plexing of data on a voice-frequency carrier which may e
carried on a PLC gystem.

Usirg the same physical arrangement as the AFL Series
65 PLC equipment, the Series 66 Time-Division Multi
plexing System [TOMS] has been designed specifically
for use in supervissry-contral and data-acquisition systems.
The system permits tradeaffs to be made between security
and speed of operation; and this choice, combined with the
ue af an effickent code, enables a designer fo optimize
thie system to his requiremants. The mubltiplexed signals
&t the output of & Series 66 TDMS are used as the Input
i & series GA50 Volce-Fraquency Carrler System, In turn,
the information an this system provides the input to a
Sarias G5 PLC system for transmission ower & high-voliags
P |ine,

& photograph of a typical terminal, suitable For ralay-
rack mounting, is shown as Figeee 4.3 In Figure 4.4 &

block diagram of a tvpical system is shown, including the
v-f carrigr equipment. Detsils of RF L time-division multi-
plexing systern are given in the following:

RFL Series 66: Bulletin SETDMS
Time-Divisicn-Multiplex Fundamental: Bulletin 665751
Encoders arnd Decoders: Bulletin SEENC.

TELEMETRY SY¥STEMS
General

'Ehl'l"ﬁtf'f' syatems ara used 0o (ransmit the magnitude
ot a measured guantity to a remobe location where it is
displayed, used for control, or both, Modern felemetry
SYEIRE Bre available in two forms, analog and digital,

In the former, an electrical analeg of the Quantity
in form suitabde for transmission is gererated at the source.
At the recawing terminal the analog signal is again can-
warted 1o the magnitude of the messured quantity.

In & digital telemetry system, the quantity measured
i digitized at the @urce ard sent ower e communication
gystem &8 binary data, AT The receiver i1 may e displayed
digitally or wsed for dirsct control, esch without Turther
orversian. 11 needed, it may be restored 1o analog form
by usang a digitatto-analog converter.

Figure 4.3, Ty@icsl supareisory:ooelrsl Lerminal Using Sores &6 TOMS edulpmeni.
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Analeg Systems

The AFL Series 6405 Telemeter System, described in
Bulletin SE840% which is available, remofely monitors
and measures electrical parameters and any phiysical prop-
prties that can be transduced electrically. The system's
telemneter transmitier corerts do valtages o currents inte
analogous subaudio frequencies for FSK transmisslon ower
wf carriar communication facilities, Fraquency maliiplexing
in the wanamisson aystem permits these analogs 19 e
trarsmimed slong with ather modulated cerriers baaring
other data and speach, all in the sama woice channel.

Transmitted signals are comwerted back to the analog
frequanoy by an FSK receiver. The gypstem’s tolsmeter
receiver then converts the sigral inio do wollages or
currenis. The propartional culputs are applied 1o such end
devices as recorders, indicatars, and analog-to-digital oon-
werters. Accuracies of such systems range from 0.07% of
full spam to about 0.75%, depending upon cost and comr
plexity of the system. Typical telermetry modules are
showwn in Figure 4.5

Digital Sysiems

In a digital telemetry system, an analog valtage is Tirst
comerted 1o digital form in an analog-to-digital corverter,
1t is then transmitted aver the communication sysiem as
serial binary data. The AFL Model 66 ADC A/D converter
has an output of 12 bits BCD or 10 bits binary, plus over-
range, sign, arel overflow. Typical accuracy is 22 my at
ropm femperature, amd corsersion time B typecally 40-
&0 ms.

Different nput sigrals may be semt sequentialby, in
groups of esght, by preceding the Model B8 ADC with
a Model B8 AMUY Analog Multiplexer which selects each
input signal In turm. & data sheat s avallable.

At the receiving terminal, digital displays with 2 or 4
digits are available for display of the telemeterad quantity,
or @ F1/2-digit digital display with sign may be ssbecied.
If the analog sigral From the sanding point is 1o be recon-
stituted Trom the digital data, a Model 66 DAC Digrtal-to-
Aralog Cormverter is required.

Drigital telemenry syilems raguime The s of 4 Laries 6B
TOMS swystem as the terminal egquipment. Data on digital
tefemetering and other elements of the 86 TDMS Systern
are given in Bulletin SETDRMAS.

Figure 4.5, Typical balisreiey oo,
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Chapter 5

SPECIFICATIONS SERIES 65 PLC

OVERALL S¥STEM SPECIFICATIOMNS

RF SECTION

Made of Dperation

Amplituda-rmodulated singla-sideband transsnisaon, with
suppressed or reduced carrier,

AF Fange
o 512 kHz.

Mominal Channel Bandwidik
4 kHz standard.

Frequency Spacing
Multiples of 4 kHz are sterdard.

RF Impedance
S0 ohms standard, others available,

Retum Loss
12 dB ar greate,

Frequency Stability
=10 ppm standard, *3 ppm with optional temperature:
contrelled aven, or O ppm with synchronizer,

Power Qutput
d0-watt PEFP is standard, others available are 2 wait,
5 watt, B0 watt, 120 watt all PEP,

Harmaonic Dutput
80 dB down of graater,

Unwanted Sidebands
B) dB down or greater.

Intermodulation
B] dB dawn, o greater, referred ta PEP.

Receiver Semsithvity
=20 dBm at input 10 the downconverter,

Image Rejection
BO dB or greater.

Seleetivity
100 & ar greater 4 kHz from either side of the AF band
adpe maasured at the AF output.

IF Suppression
&0 dB or greater,

AF SECTION

Bandwitth
300 v 3426 Hz standard, spaech-plus syelems arg
availainbs,

Distartron
Equal to or b=z than 1% for an BOD-Hz test tome at
+T diim.

Frequency Respons:
Sea Figure 5.1 {al.

System-Level Regulation
Audm-freguency output varies Ao mare than +1.0 48
far rf variation of 416 to —25 dB. See Figure 5.1 (b}.
Can be shewed gither 45, 410 dB, or #15 d&,

Sending Lewel
Four-wire; —16 dBm.
Tweo-wire: O dBm.

Recemwving Level
Four-wire; +7 dBm.
Twao-wira: —4 dBrm.

Impadaness
Four-wire send: 800 ohms balanced,
Fourswire recaive: G0 ohms balancad,
Two-wire: GO0 or 900 ohme balanced,

Return Loss
28 dB ar greater.

Longitudinal Balance
60 dB ar greater.

Idle Mmisa
—B0 dBmag or b,

41
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Surge Capability
The system mests the SWCE reguiremente of ANSI
C37.80a-1974, IEEE Std, 4721974, for line and power
connactions all orhsers meet IEC- 4856,

DOperating Temperature Range
In the ambient temperature range from O 1o -45“{:. tha
equipment meets all it specifications, Fram —20 m
BODE, operation is reliable,

Frimary Power
Chaoioe af 24, 48, ar 120 Vdc, =10, «*20%. Systems with
twwo=watt and fivessatt terminals can be operated also
from 115230 Vae £13%, 48-656 Hz, and from 12 Wi,
=10, +20%, {other inpul reguirements cen be BCoom-
rrdated.)

LIMITS OF CCITT G232 FIG 1 AND
OF IEC PUB. 435, FIG. 44

a k - i
(300 Pe00 3000
B LT e P s R
TYFICAL
CHAMMEL

BN E P

&5 aGc 68 ASC
1 [-—fu—— WEGULATIN AANGE 1}
| [ |

Lo S
L= a =1 -3 =¥
INPUT LEVEL-dBm i

bl |

OUTPUT-LEVEL “ARIATION-dBE
[=]

M 20

Figam §. 1. Curves af sysem chamcimatice At lal audic-reguency raspanss o 3 iwakal channel
i3 shown, &1 (D) svslenriepalation Survib g g wikh thi iyibers onder Coflrol of e P @
Mincel GG FS 51G with aptlongl AGC circuit or undar ¢ontrol of the Modal 65 ARG,

The RFL Series 65 PLC System

meets

pertinent |EC and CCITT specifications.
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Figure 5.2, Model 65 &0, The Mogdel §6 DEMOD & dmilar
in pEpraTanca.

MODEL 65 MOD 55E MODULATOR

The Model EE MOD Modulater csed s the a-finput
port of the Serips 85 SSB System. Is input i3 suwdio
infermation 0§ $kHz2 bard, which is modulatsd and fra-
quency translated by the Model 65 MOD to any d-kHz-wide
channel in the range from 4 o 60 kHz,

Tha block diagram, Figure 6.3, owllines the design
philasaphy for the modulator and its application in the
System, A low-pass filter for speech-Trequency sgnals, and
8 bandpass channel filter far the high-Treguency autput
signal, Bath plug on to the basic cirouit card, The spaach
filter and channel filter may be located external o tha
sguipment, or they may be bypassad, according fo the
applicatsan, The channel filter's frequency range is selected
for the application, The carrier signal is generated lacally,
arsd Tha crystal freguency must be chosen for the desired
carrier fraquency.

WEEESE reioe (ke

L T B b
== a LEWTL

L L]

The Mipdel G5 MOD-1 prosides all the funct ions described
here and on the blpck dipgram. The Model BB MOD-2

adds @ comstant-temperature oven Tor the quartz orystal io
improve its Fraguency stability.

SPECIFICATIONS, MODEL 65 MOD

AF CHARACTERISTICS

Impuit Level
The range is O 0 =20 dBm. Mominal nput level is
=16 dBm.

Imput Impedancs
GO0 ohms balancad.

Echo-Return Loss
Better than 26 dB.

Longitudinal Balance
Better than G0 dB.

Limiting Level
Limiting will accur ot & lavel 4 dB abowe the nominal
seRting.

RF CHARACTERISTICS
Dutpat Level
Mominal —20 dBEm

Termination Impadance
75 ohims.

Modulator-Carrier Leak
—46 dBro {0 dBmo = =20 dBm].

Qui-of-Band Intermodulation Products
=80 dBma |0 dBma = =20 dBmi.
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Figura 5.1. Olock diagram of Mol B3 Fesalator.
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MODEL 65 DEMOD 558 DEMODULATOR

The Maodel 66 DEMOD Demadulator card is the a-f-out-
put port of the Serigs BS16 558 System. lis input is a
single-sideband, high-frequency signal in any of the &-kHz
wide bands in the range from 4 e 60 kKHz, The input
wonal Iz demodulated to audio bassband, the outpul signal
of tha device, Optional automatic-gain contral (AGE)
prowides for halding the level of the spesch-autput signal
10 @ predetermined value.

Tha block diagram, Figure 5.4, outlines the design
philosaphy sed, and the application of the demodulator
i tha System, The speech filter and channel filter may be
kacated axtarnal 1o the aguipment, or they may be bypassed,
acconding 1o the application, The plug-on bandpass channel
filtar’s fraquency range is selected for the applicatian.
Tha card aocepis a carrier-frequency signal from an sxternal
source of, In special cases, a local oscillator may be pro-
widad directly on The card,

SPECIFICATIONS, MODEL 65 DEMOD
AF CHARACTERISTICS

Output Level
Mominal ¥ dBm, limiting level is 12 dBm.

Distortion
1% max ai 7 dBm.

Output Impedance
BOD ohms balancsd,

Echo-Retwrn Loss
Better than 26 dB&,

Longitudinal Balance
Batar than 60 dB.

AF CHARACTERISTICS

Input Level
=20 dBm.
Madel 65 DEMOD-1 provides all the fumetions described o
here excepting carrier gereration amd AGC. Model 66 Driving |mpedance
DEMOD-2 adds AGC to the foregoing. T8 ahms,
Pk -Em
P AL = AmErE
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1 L. - e e e
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Figura 4. BHCkE disgrasn & Modal &5 DafmSsdulatar.
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Flure b.G6. Modal 65 DRCDRY, Modal &5 UPCGNY b similar
In Gl anca.

MODEL 65 UPCONY UPCONVERTER, and
MODEL 65 DNCONYV DOWNCONVERTER

Thesa twio madules provide the fraquency translation
neceszary to extend the band of communication froquencies
used on the powerling above the uppsr limit of B0 kHz,
ther higher frequency of the Models G5 MDD and 66 DEMOD.
They extend the operating range to 512 kHz, The modules
&8 similar in Both function snd circuit detall, & typical
madule is shown an Fegure 5.5, Bleck diagrams appear
a5 Figures 5.6 and 5.7,

MODEL 65 UPCONV

Tha input te the Model & UPCONY may be any
signal in the freguency range from 4 o B) kHz, wsually

= = = = =
|

pne ar more 4-kHz-wmide chamnels of modulsted aedio
basshand from the RFL Model 86 MOD Maodulatar.

The upcorserter transiates the frequency of its input
signals 1o the fraquency range Betwesn 60 and 512 kHz:
and its owtput cirewit is designed 1o interface with a power-
line-carrier amplifier, of with microwave baseband equip-
memt.

The upconyarlsr uses & carrier ganarataor which deperds
upon a drystal oseillater operating in the range from
4 to 9 MHz. Stability of the freguency generated s
improved by addition of an optional owen which will hold
the crystal at 60 =3°C

Output Tilters Tor the upédnverier ara plugged on the
basic cirouit card and are desigeed for the fraquency of
opergtion of each individual system.

MODEL 65 DNCONY

The input 1o the Model 66 DNCONY may be any skanal
in tha fraguency range from 60 te 612 kHz Such signals
usually ariginate from powerline-carrier or microwave trans-
misign agquipment, and they Frmual'l"'.f carry  several
Freguency-multiplexsd charinels,

The input signats 1o the dewnconverter are ransiated
ip the freguancy range between 4 and & kHz, In ihe
Series BB15 System, this outpwt signal will consist of one
or more carrier-frequency channels

The downconverier uses a carrier generator  which
depends upion a crystal oscillator operating in the range
from 4 to 9 MHz. Stability of the frequency generated iz
improved by addiion of an optional ovan which will hold
the crystal an 60 £370,

BTyl

Figure 5.6, Block diggram of Model &8 LIFCORY.
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Ouipun filers are plugged on the basie cirewpit cand
gnd s designed for tha fraquency of operation of eesch
individiual systam.

The post-demodulation section of the filters for the downrn
cormierter may be designed for different cutoff frequencies.

SPECIFICATIONS
MODEL 65 UPCONVERTER

Input

Frequancy: 558 channels of 4-kHz bandwidth in the fre-
guency range from 4 1o 60 kHz.

Level: —20 dBmi, each chanmel, at 75 ahms (0.027 V)
ar =5 dBm, exdh channel at 500 abhms (0.436 VW].

Dutput
Frequency: B0 1o 612 kHz.
Lewed: =20 dBmi at TE chms (0027 W),
Carriar: 40 dB below test-tone leeel,

Intermadulation: 60 JdB below tesi-tona layal for two
tanes through a multi-channel group filter.

Figure &7, Biock disgram of Maodel 65 DRCORMY,

MODEL &5 DOWNCONVERTER

Input
Frequaney: 60 o 512 kHz,

Level: —20 dB8m through 75 ohms 000027 W1,

Output

Frejuency: S5B channels of 4-kHz bandwidth in the fre.
quency rarngs from 4 to 60 kHz.

Lawal: =30 dBm {0027 W wt T5 whms or 00007 W at 600
phimesl,

BOTH TRAMSLATORS
End-To-End Characteristics
Frequancy Stability:

lal Without crystal aven: 30 ppm max_
b Winh erystal pwen: £8 ppm mas.

Amplitude Characteristicz: 0.4 dB ower the band of
mterest.

Idia Mois: Less than —60 dBrmo for 4-kHE bandwidth.
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Figee 5.8 Modei 65 PR EAMP PraamaliTeer,

MODEL 65 PREAMP PREAMPLIFIER, and
MODEL 65 PFWRAMP POWER AMPLIFIER

Thie Models 65 PREAMP ard &5 PWAAKP are clemenis
of the Series 35 Single-Sideband Carrier System. The
Model 5 PREAMP will supply the driving power far up te
slx units of the Model 65 PWRAMP. These may be paralleled
for outputl power of o 240 wates, selectable in steps of
A0 warts, When parallelsd, gains aredl phases are squalized
o that maximum power is deliversd to the common, BO-
ohm load.

Thee Mipdel 65 PWEAMP mugt be driven by the Model 65
PREAMP, It camnor e driven directly from either the
Model 66 MOD Moduletor or the Madel 65 UPCONY
Upgconwerter. The Model 85 PREAMP s not used a5 an
output amplifier. For output power at lower levels, the
Model 85 AMP Two-Watt Ampdifier, s recomenandad,

The Model 5 FREAMP = constructed an a circuit
card which plugs imto a Model 88 Chassis, like all other
cirouit madules of the Series G% System. Becewse of its
greater flze, howeenr, the power amplifier s moused
|ﬂﬂﬁpﬂ1|.'-|ﬂ|'l'[|'5.' an thie ey rack,

Figure 5.8 shows the appesrance of the Model BB
PREAMP, The Model 65 PWRAMP is shown as Figure 5.9,

SPECIFICATIONS
MODEL 65 PREAMP
Frequency FResponss

Two rarges, @ither 460 kHz or 3512 kHz, esch
1,5 4B with respect 1o midband responss,

Figura 5.9 Model 35 P8 RARP q0=-Wall Poar i gilesi.

Harmaonic Distortion

400 kHz or less: <55 dEmo or betrer,
BO0 kHz or less; —50 dBmo or bettar

Third-Order Imtermodulstion Distortion
=G0 dBmao.

MODEL 65 PWRAMP
Poveer Dutput

Up to 40 watts to a Slahm ioad. Amplifiers may be
paralizied for grester power.

Freguency Response
Two range:, either 4-60 kHz of 30-512 kHz, esch 21 dB
with respect o midband résponse.

Harmaiic Distortson
Second harmonic s 40 dB or better below furdamantal.

Intermadulation Distortion

400 kHz ar less: =60 4B ar better.
B0 kHz ar less: =66 4B or better.

Return Loss
10 dE or greater,

Because RFL™ and Hubbell® have a policy of continuous product improvement,
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Frjiiri 5,12, MadSal 85 COMB FvYE.

MODEL 65 COME HYE
COMBINATION HYBRID

The Model COMB HYB, shown In Figure 5,12, is a
skewed RF hybrid which is connegted batwesn & Teo-vire
tramimision madium and the sngle-ssdabarsd termianal egqui p-
ment o perfarm the 1ollowing functions.

1a) Thie rf hylrsd provides solation betwesn the receiving
ard ransmitling #&ctions of the terminal, and it provides
for two-wire coupling ta the line-tuning unit.

ibl It conising an EiRenuatos 19 contrgd the level of
racaivad ignal a1 the input O the Sofiving sysiem.

The Madel &5 COME HYB presents a fixad npurt
impedance of B0 chms or 25 ohms te the transmitting
amplifier or filter with which it & usad, and a soures imped-
ange of approximately 75 ahms 1o the input of the reesivirg

gysiem. Tha ouwtput of the hybrid, which Tesds the line-
Tuming unit, is 81 a1 the factary to match the impedance
of thie syitern with which it is to be wed.

TECHNICAL SUMMARY

HYBRID SECTION
Insertion Loss

Transmitting: Approximately 0.3 4B, 60 to 50D EHz.

Receiving: Approximately 125 dB, 60 1o 60O kHEZ.

Tramshyhead Loss:
—i) dB, or betver, BO-500 kHz, when operating with
specilied termination impedance.

Internal-Balance Aange
0Ls o 195 times the specified twoawine impedance,

SYSTEM SPECIFICATIONS
(System plus 65 COMB HYE)

Powier Capacity

40 watt mrns,

Twan-Wire-Line Impadance
50 or 75 ol are standard, Qehers availabbe,

Second-Harmonic Distertion
80 dB, or berer, below-fundamental

Third-Order Intermodulation Prodwets
60 dE, or betrer, balow Turdsmental

Surge Protection
The system meets the SWC requirements of ANSI
C3790a—1874, |IEEE 5td. 4721974,

0 perating-Temperature Range
in the ambient temparature range from O to 4570 the
equipment meets all 13 specifications, From —20 1w
G0°C, operation is raliable,

14

Because RFL™ and Hubbell® have a policy of continuous product improvement,
we reserve the right to change designs and specifications without notice.



Figura 5.]13. Modal 65 AMPF Teo@ etk Acaplifkee,

MODEL 65 AMP TWO-WATT AMPLIFIER

The Madal 65 AMP provides for raising the level of the
carrier ganergied for PLG transmission to the sending level
necessary Tor the terminal, prowiding the requirsd lewel is
T watts ar less

Input signals are accepted at source-impedanca lavels
of either 75 or B0 ohms. Voltage gain is sdjustable, by
charging location of jurmipars, in steps of & dB, from 12 10
2 dB. A cantinuous gain control, for adjustment bebween
stops, has @ range of 18 dB. Maximum power output is
7 watts (33 d8m).

The output signal is transformer-coupled to @ S0-ohm
lagd, Either of two output transformers is available, Option
HE-E5588 provides a transformer with a frequency range
of 30 ta 8O0 kHz. Transformaer Option HB-5E539 pperates
oeir the frequency range from 4 1o B0 kHz.

Direct-coupled owtput, through a 10-ohm Isolating resis-
tor, from the emitiers of the complementary output pair,
is provided for driving a higher povear amplitier, it resdad,

| B -

Srrangement of the crcouits is cutlined in the black
diagram. Figure 5.14.

SPECIFICATIONS
gt
Three inpit terminals are pravided: Two accept —20 dBm

signals at 76 ahms {27 mV), and one accepts —5 dBm
signals at 800 ochms (435 my'].

Oiit it
Two output terminaks are provided: & raneformar-
coupled sutpuat will deliver twa watts {33 dBm) FEF 1o
a Bl-ohm load. A second, direct-coupled autput will

deliver & %rms through 10 obms to a minimum load
af 100 ahms.

Voltage Gain
Maximum valtage gain is 52 dB, adjustable from 12 to
Ed dB in G-dB increments augmented with & continuous
gain-contrgl range of 16 dB, Gain of stages 1 and 2 is
set with jumpers at &, 12, or 18 dB. Stage 3 is adjustabie
from —4 te 12 dB, and Stage 4 kas a fixed gain of 4 J8,

Frequency Fesponse
4 to 500 kHz 21.0 dB with respect 1o midband of two
differant Trequency ranges: 460 kHz or 30500 kHz,
depending on choies of cutput wanstormar,

Harmanic Distortion

Bekny B kHZ B dBmio, or better
Bk 100 kHz —&6 dBmo, or better
Bl 400 kHz —dE dEmo, ar better
Babew 500 kHz —40 dBmo, o betier

Third-Order Intermodulation Distartion
—60 dEm, or etter,

Idie Nois
—65 d8me, or better |3 kHz bardwidth].

el = —
Flgur 5. 14. BanCk disgraen of ciroess, Modal B5 ARP.
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Figura 5 05 &odil 85 D8P Five-Nalkl dmaiiliar.

MODEL G5 AMP
FIVE-WATT AMPLIFIER

The Maodel G5 AMP is an element of the RFL Series
6515 Single-Sidehand Carrier System. This Tive-satt amgli-
Tiear is used 1o raise the output lkevel of the Model 65 UPCONY
ta the sendirg Evel peceisary Tor the carvier teeminal,

Ingut signals are accepted at source-impedanoe levels of
aither T of GO0 ohima, Yoltage gain is adjustable, by chang-
ing the location of jumpen, in gteps of 6 9B, from 12 to
BE.5 dB, & pontnuous gam contagd, Tor adjusimsnt beraaan
steps, has @ range of 23 dB. Maximum poser autpul &
& waits {37 dBml,

The cutput signal is translorrmer-coupksd 1o a 50-ohm
|,

TECHNICAL SUMMARY

Input
Three input terminals are provided: Twoe accapt -20 dBm
signals at 75 ohms (27 mV), and one sotepls -B dBm
signals gt 600 chms (436 my). NOTE — Preamp may be
jumpared when sed in a system hasing 2 W input signals.

Qutput
A transformer coupled output will deliver Five watls
(37 dE8m) PEP 10 & Bl-ochm load

Voltage Gain
Maximum woltsgs gain is 55.5 dB, adjustabde from 12 ta
6.5 dB in G-dB ncrements avpmented with a continweous
gain=pontral renge of 23 db, Gain of steoes 1 and 2 is s
with juripers 6t G, 12. o 1TBdB. Stege 3 i§ adjustsble fram
-t VD AE. Stage 4 has a gain of 8.5 dB.

Frequency Respanse
4 o 500 EHz 410 dB with respect to midband of teo
diffarant frogquency ranges: 4460 kHz or 30500 kHz,
depernding on chaics of output trarmsformer.

Third-Qirder Imermodulation Dstertion:
B350 kHz: G0 dB8mo, or better
Belew BOO kHz: &0 d8mo, or betier

Idle Noisa
-B6 dBmo, arf Better (3 KHE Gandaidth).

Poveer Consumpiion
From both plus and minus 12-Vde power sourcas, the
miaclule’s current drain depernds upon power as Tollows:

Dutput Watis Current Drain mb, Max,
0 350
DE 450
1.6 T
30 B0
2.0 B0

Ambisent Temperature Range
Tre equipment vwill maesr all specilications in the tem-
perature range from O to A5°C and it will operate in the
range from -20 ta ﬁl:l"-"l.'f

Because RFL™ and Hubbell® have a policy of continuous product improvement,
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Figurs 5.16, Model &5 MG AulosallsGan-Cantrel Madula.

MODEL 65 AGC
AUTOMATIC-GAIN-CONTROL MODULE

In & typical system the Model B85 AGC = Ted 3 pilot
tone whaose amplitude is compared against an  internal
reference. The difference betwean the two B used o oon-
tral the gain of an amplifier in which the widabard oom-
posite signal, comprising all information passed thraugh the
syetem, 18 sutomatically sdjusted o the maminal level.
Because the pilot tore it parl af the composite signal, the
AGC wystaim holds the level of all signals at the desired
armplitueda.

The Model 65 AGC will maintain the lavel af the
compasite signal at its cutput within £1 d8m for an nput
variation of #1% 1o —25 dBmao. It conains & detectar Tor
failure of the pilot tore, Failure of that signal is indicated
both by extingushing & lamgp and by release of & relay
with bwo sets of FormeC contacts, wsed for additienal
indication. [The relay is optional].

The philosophy of the design of the G5 AGC will b=
evident from a study of its block disgram, Figure 517,

Applicatson
GENERAL

In most easas the 65 AGD will operate in conjunction
with a signalling transceiver. The pilot tone, derived from
that tramsceiver, will be wsed by the 66 AGC a1 the
regulating signal, Gererally, all bandpsss filtering will be
dore on the signalling recaiver, bul a separate filter card
may replaca the transceiver in caies whers the transceiver
Mot used,

The pilot tone may also be derived from the kMadal B5
SYMNC Synchronizer card,

REPEATER-STATION APFLICATION

Some applications involee translating a group of gignals
daown 1o mome intermediate frequency, regulating amplify-
ing, ard retranslating without resching the basahand fra-
tuency. In such cases, the 85 AGC will be able 1o operate
in oanjunction with the Model 65 DNCONY Downoonwarss
which would contaln appropriate filere. This will enable
the 65 AGC to operate from a tone located anywshere in
the freguancy range fram 4 10 80 kHz. The G5 DRODRY
Wil translate a tome down fo baseband where 1T wlll be
filterasd with a selective bandpass filter, The tone will then
enter the pilot-toene input of the 65 AGC.
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Fgure 517, Block disgram of cincuits, Model 65 AGC,

Because RFL™ and Hubbell® have a policy of continuous product improvement,
we reserve the right to change designs and specifications without notice.



SPECIFICATIONS

Imput Level
0 dBma = 0.033 Yrms.

Dynamic Range

+15 dBmo 10 —26 dBmo, The dynamic renge may bae
skiewred by +5, £10, or £15 dg.

Input |mpedance

10K ohms, unbelanced, This reduces 1o 56K for <5 4B
kv, arud increases 1o 17.8K Tor +5 dB skewy.

Frequency Hange
4 o 60 kHz.

Quiput Level
0.033 Vrms.

Output Impedancea
The device appears as 8 voltage spurce of zero internal

impadance.
Stiffness Ratio

+1 dB changs at the sutput for +16 to —35 dBmo
change at the input.

Peak Detector and Limiter
Depanding upsn W-BHBIl'FDEw oni the number of diserete
signals, the auxiliary pesk detector will reduce the gain
ta maintain linfar operation when the input to it peaks
at & to 10 valts for the sig-volt-limit npet, or 3t 3105
wiilts for the threewvalt-limit input.

Distortion
Distartion and inermodulatien products will be less

than —EB0 dBma Tor autpul levels of ks than 033 Yirms
(+20 dEma|,

Pilot-Tone Input Lawvel

02 to 200 VYrms in three decade ranges salaciad by
placemant of & jumper.

Filot-Tone Input Impedanca
10K ohms.

Filot-Tone Frequency

1 1o 60 kHz. If the pilot tone i not band limited, an
external filter must be ussd with the B5 AGC,

Filot-Tone Detector

Tha optional pilettone-detect relay will drop out when
the ingut i below —31 dBma,

Because RFL™ and Hubbell® have a policy of continuous product improvement,
we reserve the right to change designs and specifications without notice.
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Figra 5,18 fiodel G5 5¥NC Synchecalam modals,

MODEL 65 5YNC, SYNCHRONIZER

The Model 65 SYMC eliminstes freguancy-trarmslatsasn
arrar, By ransmilling &nd receiving a low-level carrier
wgnal. This signal alsa may be ussd as & palot tong Por
aultiratic gain comegsl,

The tramsmilling &Clicn Lakes The auarewave cutput
ol the carrier oscillator of the local Meds=l 8BS MOD
modulatar, shapes it fo a sinusoid for trarsmission, and
sets its proper lewel, The signal will normally be routed
e the hiodal B UPCONY,

RECEWER

FI_} -1 -1
EOMFRLITE-Sual |
] oo
i : POl

The input to the receiving section is the composite
gignal recaiwed fram a remate termingl, normally from the
cutput of the Model 66 DNCONY., The recener filters
and amplities this sigral snd therghy darves the arrier-
frequency relednce Tar the Modsl 88 DEMDD démadulator,
ard alsa the amplitude-reference level which may be used
with the Madel §5 AGC,

Thiea plug-on filters are required, Thase a0e B transmitner
fitter, & recaiver bamcpass filter, ared & receiver ciystal
fitter, Each carrier fraquency requires a dilferant set of
fitters. The frequendcy is specilied by a suffiz nombear
appended to the Model designation of the filter.

A Bleck dEagram ol the cEcuils & shown as Figure 518,

SPECIFICATIONS

TRANSMITTER
Input Signal
Squarewave of carrier freguency, 12 Wp-p from a sourcs

with intérnal rasistance of TE ofws oF 845, This sighal
willl be betweern 20 and 44 kHz.

Ingut Impedance
K ohms minimum.

Output Signal
Sinewave at frequency of input, with harmonics at
—50 dBmio, or less,

Output Leswe
Either 25 ar 77 m¥% at G600 chms Amplitede is deter:
mined by B potentiometer ard by plabemant of |'.||'|'IF“‘|“5.
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Flgars 5,19, Biock dlagram of ciouit. Model &5 S¥rHC,
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RECEIVER

Input Signal

Composite channel signal at channel Treguency, normally
betnen 20 and 44 kHz.

Input Level
4 to 160 mVrms, adjustable by selection of gam-Gantrol
jumpers and with input-level potentiometer.

Input Impedance
G500 ohirs,

Carvier Frequency
Maximum permissible varintson of carvier Preguency
from nominel is 6 Hz,

Output Signals

{al A sinewsve signal at carrier freguency, amplitude
1 Wrms &1 dB, source imgedance 100 ohrs, = wsed
a5 a level reference for the Model 65 AGC.

o] A squarewave at carvier frequeancy, 12 Wip-p, from the
output of a CMOE gate. This is used 23 the logsl-
ascillatar signal for the Model 65 DEMDD,

Phasa Jitter
Maxirmum 1.57 p-p.

Because RFL™ and Hubbell® have a policy of continuous product improvement,
we reserve the right to change designs and specifications without notice.



Figure §.20. Modal 6% COMP Volta Compands.

MODEL 65 COMP
VOICE COMPANDOR

The Model 65 COMFP Woice Compandor is used in
applicatsons where an improvement in sgnal-to-noise ratio
& required due to the presence of extraneaus noise. The
compandor can also be used together with other eguipment
having suitable signal levels and impedances.

Compréssor and axpander, together, comprise one pring.
ad-circuit-card modula. The compardor compliss with all
canditions of CCITT Recommandation G.162.

SPECIFICATIONS

Compression Retio: Compressar 2:1 (dB)

Expansion Ratio: Expander 1:2 [d8]

Level Sualuility
(-25 to +607C +6% WVoltsse Variation): Comprossor
+25 dB, Expander =05 dB

Returm Loss 13l:|[I-:Hl]|:I HI]: Compresser 23 B typical,
Expander 23 dB

Imput Impedanes: Compressor B0 £ bal, or wnbal,
Exparcer &00 £ unhal.

Output Impedanes: Compressar 800 12 unbal,, Expander
GO0 i bal. or unbal.

Distortion: Compressor < 1% @ 0 dBme (=16 dBml,
Expander << 1% & — dBmo {(+7 dBm)

Bttack-Time Limit: Compressor < 5 ms

Reeovery-Time Limit!: Compressor < 226 ms

Transient Respons
[Back-te-Back, 12 dBfstep): Compressor no obsarvable
avershoot,
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Figure 5,21, Biock dlagram of coempraseer and exsandar ssctions of Model 85 COMP.
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Figare 522, Modal G5 F5 516G Frequency-5hift Sigaling-Tone
TrandCisyir,
MODEL 65 FS SIG
FREQUENCY-SHIFT SIGNALING-TONE TRANSCEIVER

The Model 66 F5 516 Frequancy-Shift Signaling-Tore
Transceiver consists of three assamiliss: the mam bogrd
with the ransmiller and repeiver, &0 oplional plug-omn two-
il cutput filter, ard an optional plug-on aulomatic-gain-
wcantrol and carrigr-detedtar card. A block diagram is shiwn
a5 Figure B.23.

The trarsmitter uses & state-sarigble cecillator, the fre-

quency of which is shifted, by switching two resistors in
and aut of the crcuit. The center-frequendy is 3825 £30 He.

Bath do keying and an opio-isplator keying cecuit ane pro-
vided for keying the wrensmimer from an extérnal souroe.
An oplional plug-on two-coil output filter is available to
redisce the emission of sidebands generated when tha
transmitter is keyed at rates higher than Twenty pulses
per second,

The redeiver's inpul uses a three-ooil filter whose outpist
drives an amglifier. The signal level can be measurad at the
output of this amplifier and |8 adjusied with & ten-turn
POTENTEHTETET, Maans ara prowided 10 reduce the ‘gllil'l. if
raeded, The amplifier’s output feeds a Schmitt-triggar
threshodd detector which feeds a discriminator whose
phase shift i zero 8t canter frequency. amd which provides
& phags ey with an incregse n fresgquency and a phase besd
Wwith a oecrasie in frequency. The autgut of the discrim:
iratar drives an all-pass quadrature network, the output of
wihich, alorg with the cutput from the threshold detector,
leeds an EXCL-OR gate whose duty cycle s increased or
decreased by the discriminator. The cutput of the EXCL-
A gate feeds a lowpass filter and then g slicar whisch detects
whether the receiver's input signal = & high or 3 low fre
gquency, The premnce of a highdrequency signal both
lights a lamg and anergizes a Form-C relay in resporse
o the Input signal,

An aptioral plug-on AGE and carrer-detector cand uses
twi full-wave rectifiers, one to detect the carrier and the
ather to contral the AGE. The de AGC output may be
used g the group AGC for the demodulator of the multi:
pezed single-sideband carrier system. I is accomplahad
by comparing the output of the fullwawve rectifier with
a reference, The difference drives the AGC-control circuit
i the demodulator with a contral current,

LRI

Figure 5,23, Block disgram of circui, Model &5 F5 516G,

Because RFL™ and Hubbell® have a policy of continuous product improvement,
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SPECIFICATIONS

TRANSMITTER

Frequency
A0S Hz, =3 Hz shift.

Stability
=3 Hz aver the operating-temparature range.

Harmombe Distortisn
Less than 1%

Output Lewel
Mominally —20 dBm.

Outpui-Filier Response
Sew curve, Figure B.24.

RECEIVER

Frequancy
3425 £330 Hz

—35 dBm.

Input Impedance
600 ahms, balaned

Imput-Filler Respons
See curve, Figure 526,

AGC Dymamie Ranga
=25 1 16 4B.

Fijure 824, Transier cnarasier btk od caripat Tinar HB-R1R70.
Cumep O I rapd sgainst Ml Srdinala af=d 100 abfCHsE
Curve B 13 rédd aoain3t rignt ordingte pred lower oo s,

lfn:-: LT

a1 tEa GPE DECe  Mgs Dead  MeZ MeS WO
P |

Figurs 5.3%. Trangler craracterigic of inpul Filber pedyides
with sacebrer. Curee & I8 réad ssainsi lolt cndinate and
top abstiass. Curve B I read sgeind rghit ondinate and
Inwer abscian.
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Figurs 53¢ Modal §2 8F HYB Ssdio-frequancy Hybrk.

MODEL B5 AF HYE
AUDID-FREQUENCY HYBRID

Tha Modsl 5 AF HYE is used 1o connecl a local
tranzmittar and racalver 10 @ twoewire telephone comemu-
nication ling. The rodule provides isolation between the
transmitter and receiver through its hybrid network.

Apeessible from the front of the board are six jscks to
allow patching inte the moduls, These provide for testing
the ling of equipment at tha transmitter and receiver ports.
Jacks are also awailable for wsting the sguipment and for
manitaring the teo-wire communicatn ling.

An interral balamcing network B utilized 1o optimize
hybrid loss. IF the internal retwork doss not provide an

adequate trans-hiybrid loss, sn extarnal balancing natwork
may be connected.

An optional talk-battery feed ooil is available, 11 08
capable of handling 100 méde, Optional balanced H pads
cam ba ordered to reduce signal kEvels 1o the ransmetiar
and Trom the recaiver, G-dB Receive, and 12-dB-Sernd pads
are standard. Other levels of attenuation are available.

SPECIFICATIONS

Frequency Respons
Batween +0.1 ard =0.5 dB, relative to the resporss at
1 kHz, ower the range from 0,3 w0 § kHz,

Transhybrid Los
40 dBE minimum from 0.3 10 & kHz without battery-feed
coil. 33 dB minimum fram 0.3 10 6 kHz with battery:
feed coil. These cam be improved by uding an asternal
halancing network.

Insertion Loss
L=ss than 4.0 dB.

Return Loss
ERL: 27 dB minimum, without battery-fead eail,
26 dB minimiem with batteryfeed oodl at

100 ma.

20 4B minimum, without battery-Tesd cail.
18 dB minimem with battery-feed ooil at
100 ma.

BRLg g

Lomgitudinal Balamce

&0 dB minimum from 0.3 to 6 kM.
Third-Harmaonic Distortion

51 dB minimum, with a 300-Hz signal ot +10 dBm.
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Figura 5.77. Scramatic 0f cecult, Medal 8.5 AF Hy@.

Because RFL™ and Hubbell® have a policy of continuous product improvement,
we reserve the right to change designs and specifications without notice.



Flgure 5,20 Madel 88 WE DAL AP Dual Widetand A madifar,

68 WE DUAL AMP WIDEBAND AMPLIFIERS

The Model BB WB DUAL AMP Wideband Dual Amplifier
consists of two teo-seclion ampliliers ard an optional
multipheer which functions as a summing amplifier. Each
of the signal amplifiers consists of an input-amplifier
section and &n owlput-amplifier section. Many different
applications and operating levels sve schievatle by simple
placement of the many jumpers provided and by arrange-
ment of external conrections. The Muoltiplex Adapter,
Option HBE-46125, operates over a freguency range of 300
to 60,000 Hz, and it is built on @ plugeon circuit board
that Tits aver The imain cirguit boasd,

This module can be used as a gerdral-purpose armglifier
ared comiiner for sudio, or for amplifying and combéning
pxpress-order-wire voica-carrler slgnals operating in the
range betwesn 4 and 60 kHz, The optional multiplex
adapter can be wsed in conjunction with Amplifiers 14
and 1B for single-sideband carrier transmission. The trans-
mission may consist of Group A and Group B signals,
alang with synchronizing carrier and signaling tones. &
voice channel from 300 1o 4000 Hz s also combined at the
mubtiplex adapter’s input, snd all of the combined signals
are fed into Amplifier 14, passed along w Amplifier 18,
and then out from 1B.

In the cpposite direction, o swhieh rEcaiving, Tha Gunpit
of Amplifier 28 drives the audic portsan of the signal
thrgugh output transformer Tdd0. Howewer, § single-

addaband sgnrals are Deing received, than Jumper J03 is
removed and the composite signals are s=nt 1o the buffer
amplifier of the multiplex adapter. The buffer amplifier's
output is fed to a load-matching-resistor network, which
matches the input circult of subsequant demedulater filters
wiith an input impedance of 75 ahms.

Prowigion has been made at lnput Amplitier 28 for
baseband coupling. Pravision Tor the installation ol a T pad
i at the output of each output amplifier, with the choice
of attenuation determined in accordance with the require-
manis of the application,

SPECIFICATIONS

Input and Ouwtput Impedance
Balanced or wunbalanced, 800 olims, with ar withdut
wransformers, Betumn lass is greater than 20 dB in the
frequendcy range between 300 and 30,000 Hz.

Frequency Responss
With trarsformers: within 0.5 dB of 1000-Hz referance
from 300 to 30000 Hz

Gain
Continuously sdjustable from —30 to #35 dB, uwsirg
jumipers to s=t the range of a multi-urn petentiometar,

Total Harmonie Distortion

Less than 0.2% from 4 to 30 kHz, Less than 1.5% from
200 to 4000 Hz, all &1 maxirmum sutput kval,

Maximum Output Level
+10 dBm.

Dutput MNoise
Less than —66 dBrm from 200 1o 30,000 Hz,

Crostalk
Coupling between channels is less than =70 d8 from
the bow-frequency limit up w 10 kHz, and —60 dB
between 10 amd 30 kHz.

Front Panel

QOpgional frant panel avaslable with input &nd ouTpur
telephone jacks.

Because RFL™ and Hubbell® have a policy of continuous product improvement,
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Fagure 530, Typhcal 037 5-ampere DC-DC Possr Supphy. Metal
brackst ypasning Tha droall ceed b 12 hial aifk

POWER SUPPLIES

A choice ol several power dipplies i availsbbke tor
providing the energy requirements af the Series G5 Single-
Sidelrand PLC System. All supplies bkawve dual 12-%Wde
ouitpiite. Thesa are ordingrily connected in sarios to meet
the mead for providing both plus ard minus 12vnlt [ H
o the modules, Primary power may Be eithar 115 or
730 Vac, single-phase, ar de input from a station batlery.
Im the latter case, input at a number of de-voltage levels is
gvailable, Overvoltage protection, based upon the familis
criswbar principhe, & included in all models. & typical povwer
supgply is (lusirated in Figure 527,

The singla exception 10 the foreqoing is the Modsl G5
PS-0OC DC-DC Convertar reguired Tor supphying current to
the Model &5 FWRAMP 40-Watt Smglifier and its com-
panion preamplifier. The +3%olt and <37 volt owtputs
af this power supply may ba used only far thase amplifiers.
Wihen thess power ampliliers are esed i multiple, sach
must hawe its own power supply.

Tabie 5.1 5 & lsting of power supplies sdailabla for use
i 1he Series 65 System. More tham one may be required,
sither 10 supply the total cwerrent reeded, or to fumction
as & sfandby unit to improse reliability of the system.

MECHAMNICAL CONSIDERATIONS

Becguse the RFL Series G5 is not a standardized system
offering anly o modulation plan and a fixed nembaer of
channals, the designer is free 1o establich tha PLC system
clasired, prgariding fiar groth as expactad, and 1o select the
ype snd gquantity of indivedual circuit modules nesded 1o
greale [he system. This freedom exterds also @ the
meschanical aspeats of the design.

The basic enclosure for the Series 65 Single Sideband

Carrier System s the Model 68 Chassis, Inte the basic
umit, indiwidual circuit cards plug in, bookshetf-style, inta

connecting sockets mounsd nsidse &1 the rear. The Chassi,
desigred to mount in a standard 19-inch relay rack, is
51/4 inches high, 19 inches wide, and 12 inches desp
334 = 48206 x 32048 mml. It requires thres rack units
in a standard cack or Cabinet The mounting ears ans
adfjustalsle s that the chassis may be mounted with its front
daar flush with the front of the rock, or set forward by
adjustable amounts of either 1-7/B inches, 3-1/8 inches, or
5 imches (4649, 704, ar 127 mmi|.

The chassis containg 33 standardized one-half-inch mod-
ule spaces. Guides and edge connectors for circuit modules
can ba placed i any of thess slots to maximize the density
of the packege. The design of the chassis is aspecially
versatibe. 11 allows alrmost any combanation o modubes and
accessories 1o be mcluded and interveired in a single chassis.
The interwiring ol all modules = meds through §ented-
cireuit connectors a1 the rear. Input and culput Connsslions
For the chessis are wirsd 19 barriers strips, or other connec-
tows, at the back plate of the chassis. The back plate aksos
provides mounting space for an external beat sink, used
with high-current power supplies of the G000 Series.

When assembling a PLC system, the minimum nember
of Modal 68 Chessis required will be &0 lsast ae grest as the
sum of the widths of all circuit cards {measurad in sandard
molule spaces as given in the data on esch card) divided
by 33. Practical considerstions garmerally will eall for using
more chassis space. These considerations include the desir-
ability of grouping cireuil cerds in Bogecal assembdlies,
prowvisian Tar future expansicn of the syetem, and raasonady
egualing the contents of a chasgis to the maximum-cunrant
capacity of the power supply used therein
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A chassis with circuit modules installed s shown as installation, & typical assembly is shown In Figee 533,

Figure 5.31, Mounting and cutline dimensions are shown Cutlines of vaa types of cabinets aeailable from RFL are
in Figure 5.3 shown in Figure 5.34, The smaller of these is a NEMA
Type 4 enclogure, usaful mn areas where sericus problems
The guantity of Model 83 Chassis used to asmsemble of corrosion or westher exist. Other styles and sizes of

& PLC terminal may be mounted togethes in any relay rack enclosires also are availabie,

ar relay-rack cabinet that suits the reguirements of the
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Typical suparvisary-cantrol terming| cparatsd
ower a PLC systam
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Chapier 6

COUPLING EQUIPMENT

INTRODUCTION

Line traps, inductors, coupling and DyRess capaciors,
gnd capacitive voltage transformers &fé used 1o Tarminate
and 1o cougle 1o and from the powerling at Canriar-currant
freguanciee. These devices can be purchased from RFL &8
part of & PLC aystem, and details are given in this section.
The products of Trench Electric Limited exhibit a wide
variety in such equipment, ard they hawe been chosen for
desoription as tvpical of wWhet & availkable,

TRAPS end INDUCTORS

Line traps and indisctors are available with rated ocon-
tinuous currant @ shart-time currants corresponding 1o
the reguiresments of the Internstional Electrotechnical
Commissian (IEC Publication 3631, and of the Amesican
Matienal Standards Institute ANSI CO3.3). Special designs
are available 1o meet other standards and special réquire-
mants. Typlcal line traps are shown as Figures 8.1 and 8.2,

Detalled Information is available from RFL.

Applcation of Traps and Indwctors

The basic Tunction of 4 carrier-current line trap is to
inssrt a high impedance in the transmigssan line at a
selected frequency or bands of frequancies, This impedance
is used to provent grounding and boss of the PLC signal
during Tault conditions ard to reduce attenweation af the
signal by the statlon bus behind the line trap. Design
considarations are discussed in Chapter 2.

Becassa the trap is irserted in series with the trans
mission-ling conductor, it must carry the power-frequency
current. Morsaver, i must be designed to withstand the
mechanical foress created by shorf-circuit currents asso-
ciated with the transmission systam,

Overload Capabilities

Line traps and imdwctors must Be capabla of with-
standing overload corditions without damaga. Tha par-
entage averload permitted will be & function of amblent

Flpara 8.1, Ling 1rap maounbéd on & 0epling capacitor with &
Guslgwemads padestal.

temparature and type and rating of the coil. Figure 6.3
shows @ Typical overioad curve for thres ambient tempera-
tiwes, Specific overlosd ratings are awailable on reguest.
Sew alep Tabla 1,
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Frure 6.2, & 1yDical Rorirontai-padesiad lne frap with tuning
pack and lightning sreimtor, Ralicg b 00269 mH, 1300 amp.

Mounting and Terminal Arrampements

The design of these line raps ard inductors permits a
choice of mounting and terminal arrargements. Mowntings
inchude suspension, horizontal-pedéstal, vertical-podestal,
and coupling-capacitor mountings. The chaice should be
specified.

&, considerable sawing often can be achieved by wsing
a sirgie vertical pedestal to allow the trap fo be supporzed
with jugt one insulator stack. This mathod ako offers the
advantege of using & simpler mounting strecture, Line traps
with & wertical-pedestal mounting often may be mowsnted
an top of & coupling capacitor, without further support,
depending on the ratings of the trap and capaciter, Flgures
E.1 and 6.4 are illustrative.

For horizontal-pedestal mounting, two methods are
avgilable. Larger inductors are mounted with the axis af
the ool In & vertical position, to allow proper coaling.
Ta conform 1o reguirements of the installation, an alumi-
mum channel is supplssd 1o provide for two-insulator
mounting schemes. Figure 6.5 shows an exampbs, Smallar
traps can be mounted in a horizontal position a5 shown
in Figure 6.6, Terminals can be positioned on any spader
mermber of the coil. This allows maximuom Tlexibility Tor
bus and cable comnections.

COUPLING CAPACITORS and CVT's

Coupling capacitors provide a means for ooupling to
ared from tha high-waltags transmission line. Thase capacitars
can alss be supplied with voltege-transformer cirouits to
provide aperating poser for termingl equipment at the site.
When so equipped, the deviss i3 known Bf & capacitiee
voltage transformer {CWT). A capacitive voltage divider is
formed and the tap woltage |5 applled to & reactor and
transformer CECUit 10 gave an cuTpu at the required voltage
ard phasa, Typically, CVT's will supphy maximum burdens
in the rangs from 200 to 800 volt amperes

TABLE 1 RECOMMENDED VALUES OF INDUCTANCE, CONTINUOUS CURRENT,
AND SHORT-TIME CURRENT [EC PUBLICATION 353 AND ANSI C33.3

RATED IHDL!'CTEHCE

{mH
IEC AMNSI Carlinuiui
aE mh 0,265 mH 100 A
0= .53 200
0.4 106 A
0.5 1.58 A3
1.0 212 B
2.0 265 1,00
1.280
1,600
2,000
4

Rated Inductance S mEasursd

Rated Short-Time Current:

RATED CURRENT

IEC ANSI
Shori Tima Corirmious Short Time

Eeris 1 Serins 2
75 kA 5 ki 400 & 15 ki

& o L] 20

10 16 13K bl

L] 0 1500 A4

20 -] ) £3

28 ns 00 &
ns & 00 a2

40 n]

A 50

B0 i ]

at 100 kHz par ANSI C83.3
at 1.0 kHz per |EC Publication 363

i.m.s. for one second. Mechanical rating
is r.m.%. x 2.85 for firgt curnent peak.

RATED CURRENT
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OVERLOAD CURRENT

TIME

Figura 6.3, Typlcal eyericyd charasteristics for line iraps
and Fsduitofs.

Types

Tyvpes TEW, TEM, and TEHM are capacitor voltage
transformers used for powerline-carrier coupling andfor
relaying and metaring applicstions, while Types TEC and
TEHC are coupling capacitors. Typical electrical  per
formance and dimensional data are shown in Tahles 2
and 3. A typical CVT is illustrated in Figere 5,7,

Dasign details are available from RAFL.

Construction

Coupling capacitors corsist of a series of capacitor
elements housed in 2 high-strength, oil-filled porcslain
shadl. They follow a flat, follawound, lowslogs design using
a high grade of thin Kraft paper. Capacitor ebements are
dabhwydrated under wscuurm and impregrated with mineral

Figure B.4. Ling lrap moured an capesibar woltsge Eransdormaer,

Figane &3 Line Erag, rafed af PO00 ésnperis, 0235 mH, 230 kY,
using & horizgoetal-channal mounding, This BEens 1R axis
vartiEsl ey apfimasm Sodading.

7z
7
r
|

Figirg B.8. &n B00-ampens, 0.268 5nH line trep being ingtalied
I ihe horizenial position,

oil alsa purified and degassed urder vacuum. Each capacitor
unit g fitted with a stainless-steel expansion chamber, and
the chamber wmes a sharpened steel puncture pin Lo relesse
il in case of pressure build-up, Specific woltage ratings
are obtained by stacking one or more individual units.

The lpwest capecitor section is fitted on a webded -steel
base box. For CWT's the box will house the intermediate
transfarmes, compensating reactor, and associated cincits.
Safety and reliability are anhanced by enclosing the intes-
madlgte-voliage circuit components in insulating oil and
protecting them from ervironmental deterioration. Although
operable without oil, the insulation safety factor is increasad
greatly by wsing this system, The secondary terminals.
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protachive device &nd Cardier accessoeiad are comaingd in
an gir-filled 1erminal box attached 1o the base box. A
minged door provides easy access. A typical CVT, with
line trap and base box, is shown in Figure 6.4, Figure 8.7
shirers & typical 115kY CVT with provisson for carrier
accessories

Figure G.T. Typs TEW 118 Capacitor Waoltage Tranciosmesr wiin
Nigheecl o Lermikal and Carvslr JeoausdrEn.

Camrier Accessories

Carrier accessorias nclude & ground switch, dran coil,
and protective gap, plus a fitting for eithar high-impedance
cable or coaxial cable. Carrier spoEss0rios o8n &l be
supplied separately for modifcation of units alresdy in
service.  Line-tuning umits, or filters, can be supplied
mounted in @ separate weathsrproof box, For Types TEC
ardl TEHC, line-tuning units may be mounted in the base
bex of the coupling capacitor. Detailed information s
available fram RFL. A typical terminal box is shown as
Figue BLE.

Mounting

Coupling capacitors and CVT s can be pedsstal- or
sispensign-mounted. Mounting demensions can be varied,

Frurt 5.8 Low-wdlade bifminal box, whowming carriar scoeporieg
snd carrmr-sanirgncs bughing,

nomany casss, 10 allow dirsct substitution with other
marufacturer’s wnits, thereby giving the advantage of
flexibility. & standard high-vpltege NEMA four-hale alu-
minum blade fermingl or & single, aluminum, stud-type
terminal |5 supplied. This Wrminal can be removed 1o
accommodate a slandard line-trap maunting wsing a bolt
circla fiwe inches in diameter.

The wse of high-strength, wet-proces porcelain for
wpacitar shells permits vertical mounting of line traps.
Many installations can use this type of mounting, with a
cangicderable  redisclion in cost. Consideration must be
grven 10 wind losding, s=smic requirements, valtage ratings,
and size of Rime traps, Values of permisibds horizontal pull,
and other design details are available from RFL.

LINE-TUNING UNITS

Lima-tuming units, based an e principgles autlined in
Chapter 2, ard svailable in the Tollowing formes:

[al Single-frequency tuners, which pass [ust one frequeney.
Gemnerally thewr bandwidih & usaful up 10 12 percent of
the resonant frequancy.

(1] Two-frequancy wners, in which twa frequendcies,
separated by at least 26 percent of the higher frequency
e passed.

(el 'Widehand tuners, in which a group of freqeencies,
whase bandwidih s datermingd largely by the wabue of
thed caupling capscitor, are passed.

[d] Resosnant bypass tuners, which provide a through
path for PLC signals around discontinuities such as cirouls

br#akers, power transformers, or lines of different voltage,

Dietaiks on ling tuners are available from BFL.
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TABLE 2 ELECTRICAL PERFORMANCE

L

Total smultaneous
EnardeEn

— 400%a CI 0.5
Maxirmuem output

~ BOOVA
Ithermal limit)

*Test results can be provided upon request.

TYPE ACCURACY and TRANSIENT FERAQOAESOMANCE Mo, OF
BURDEN RESPONEE® SUPPRESSION® SECONDARIES

TEWV ANSI-0EWEYZ on Less than 10% Less than 10% Standard — 2
aach winding. Total (e crest) residual (o erest) in 200 {optional J5VA, thind
girmulianeoes burden woltage in 1 cycla rmilliseconds at 120% wainading).

— 0 (L6 ¢lass) of raled woliagpe
IEC-150via CI 0.5 on.

each winding. Total

simultaneous burdan

— 16008 ] 0.5

Maxirmum Qutput

— BOA [thermal

lirmit}

TEM AMNSI-0.3WXYZ on Les= than 10% Lass than 10% Standard — 2
mach winding. Todal lof crest) residual {of crest] in 200
simultaneous burdan valtage in 1 cycha milliseconds at 1370%

— 20004 10,3 class) of rated valtage
IEC-2000va CI 0,5 on

Ech wanding. Tolal

simultaneous burden

= 2000A 106

Maximum Cutput

— BO0AE

[Eh@rmaal Emit)

TEHM | ANSIHD.IWXYZZ on Less than 5% Less than 10% Standard — 2
gach winding, 1.2% inf cresth residual (of crest) in 200 (optional FEWA
auxilary winding. weltage in 10 malliseconds at 120% third wending)
Total simultaneous | millisaconds. of rated woltsge
burden |
— &0 (0.3 class]

IEC-400va €I 0.5
an sach winding.
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TABLE 3 ELECTRICAL PARAMETERS AND DIMENSIONS

HIGHEST SYSTEM

BIL

FOWER

CAPACITANCE

HEIGHT &

T L el ke YEST LEVEL BVI [FF INGHES MM
TEV. TEM. TEC
63 72.5 350 165 10,000 {11500] 54.5,/1380
115 123 550 265 5,000 6800} | 88.5/1740
138 145 B50 220 £, 000 |5700) 77,1960
161 170 TE0 Jm 4 300 (49000 101.5./2668
230 245 1060 525 3,000 13400) 116.5,/2940
F30H 245 1080 545 3,000 (32000 133,330
300 A0 1300 G0 2,300 (26001 148,/ 5780
345 3Rz 1560 THS 2,000 (23007 1635414
400 420 1550,/ 1800 TEG 1,700 (19003 118854700
B0 E50 1800 =) 1,500 [1750) 200.7/5306
TEHM, TEHC
115 123 550 el 20,000 T2 341836
138 147 850 120 17,500 B0.9/2067
161 170 TED 310 14,000 B/ 3236
30 245 1060 525 10,000 122.8/3119
245 362 1550 7B &, f00 17334401
400 420 15501800 JHE 8,800 1848.1./5057
ROD E50 1800 S00 5,000 2 RS2
i 765 65 23H) 1200 4,000 A26,/8255

T{R00KY BIL unit height — 210,/6330
MB00kY BIL unit height — 224,563
*Capacitance of TEM only in brackets

For further details of technical data refer 1o Bulletin TI00-05-15,
Data meiat to bz wsed Tor cOnSIiecelm Durposes,
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Figurs 8.2, 7I5-kY capacitor volbeoe transformer and 2500-ampere. 0.7:mH lins trap, & slalied at Hydrs Guabess Davemay substatien.

Because RFL™ and Hubbell® have a policy of continuous product improvement,
we reserve the right to change designs and specifications without notice.




Dowty RFL Industries Inc.




