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R Article 2 = Profitabitity

2.y The prafitability of operating carricr frequency systnms
aver wmall diameter coawial pairs compdred with the aperatinn
of compunicatiens at avdio freoquency, or wWith that o
varrfer frequrnngicg over balancad paire, dopands oacer-
tatn conditicens which shon¥d be studied in detaid, Special
congideration shrould bi gliven o the folldwing poinits

2.0, Dver lines whrra the laying of cadles oraves nocessary
for ather reaspns, the oppartunity shonid be takon ot
the sane time to ipclude cunwial pairs in the tele -
communicAationg cahle s,

Brémalyt wp=io=fate an

IR

21020 VF the coarnial pairs Are net used to the fup¥lest netent
by carrier frangaengy Aolephann circuits they are unly
seemonio ahove g omiaimum Aapmber of ¢ Frouvits.

2,103, The wnrious carrieor dreagenty telaochane firdudtls anly
heoore acanemic i f ey are upesaled beyoard oo minieone
Tistance,

TECHNICAL CONDITIONS
FOR SMALL DIAMETER CO-AXIAL PAIRS (I)

9&

2.0, "f it is noressary te derive telerbone civeuits from a
. ¥
carrier frenuency systef. thn numhet of telephooe

circuitts aperated on the partial Yings shanld apt bo
toa small,

R
une
® “gﬂ“

R Article | - Application

2.2, tt is ferommended that a comparisan shorld Be made briwnen
the prrafitability of the varipos solutiaons, ¥n view of tha
fact HWat the cost may be different on the various Haoil=
HAY S . In addition, the uskr of cgadial pairs can bep dic-
tated asolely by aperating reasdnss for example the abaence
of intarfercnega, And Yhis should he taken ietao aednunt in

Gmall diameter coaxial pairs are switable farc bthe trons - caloulating the profitability,

missioh. 6f N-wire carrier Trequency sSystems in the G0 Lo TT0D kers

frequency band;, thn sampe frequencies being used for bolh tFinsi-

mizsion dieectiona, bp eases whrre 1 dis ward cernpmigal i o

g0, thov shonld alse be used for the transmission of T-wirr g i

froegnency systamsz in the 60 to t300 vio-fs frequeancy band, dil)e-

rert. feeyuencies being used for éach direction »f transrisiioe,

ES Article 3 - Definition

amall dijametnr coaxial vairs shall be ugodarstead ns beaing
thase with the following naomiral didens ians

fiamater of the inleroal condiictor @ 1.2 mm
' intornal djameter pf the exierpal cenductoer @ 1.0 mm
Ly Ohliqatory reaulaticas are nrecedad by an asterisk thos @ ¢ hickanss of the erilerAnl conductor 0, 10w ar 0,150

ontioral.
Arevised on 1:1.19841
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Arttcle ¥ = Arrangement of srall diameter coaxial mairs in

compos ite cables

‘ Cables cur\{aininq small diarmeter crexinl paire o0 a|n e

tnclude balanced pairs.

U2, When coaxtal calrs are arranged In fa 2akde Tuwnr @itk

star-quads or as combinatbte pairs, the cx¥terral 4 lamgter
of certain cable elements dn this layor shnglgd be jnaraas-
vd ta make the cable as aniform as possihlc,

U,3, 47 this arrangement Fs unsulftable, & cablo lager shantd

be: farmed with the coaxial palrs only, vlacinag then pre-
forably in thd centre, .

NOTE © To avoid ractrieling thn manufacturing aliarawat ivmne on

the part ol ‘the makers, the Tatter may svercien Ihnir ruoncdian
reqgard bng details of marngfas Yure, inenfar as gorpliarce wilh the
electrical valuas allows.,

¥ Articie § = Tlectrical values of manufactured tengths

5t

(standard length 425 m)

v losulatloen resistanes measured with dirfcel girrent al »
temperatore of + 207C,

h.bol, Botwenn the Internal end external candusttors

f
5 »607km,

540,20 11 coanlaY palrs are used for carelsr Frapnrngy
sys5tems with {loaating potential, the irculstinon
restisiance belwoen an extornal condoc Lor oo the Age
Fand, and the ethef externnl condiucters. the avher
canductors In the cable,;and the metat cable sheblhing
on the other, must ke 0.1 G £/ km,

5.2+ Lingnar rezlstenca memsured wlth direrct current ot ~ temee-

ratore of + 26°C,
5:2¢ v Internad conductor - 5516.5 i fem,

5:2.3 External eondveter for a thlekness gy
018 mm 4705 Q /km

for A thlckness of
0.15 mm 2 & 8.5 3 /km
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£.3: Charadtariitic impedoance at 1000 ka/la

53,4, Mominal valuye 75 £,

5.3.2, Average valye of manuTactured lepgths forming part of
a repeater - section 75% 1,562,

5.3.3. Didfgrence in tha value of a manmyfactured Yength in 3
romeatar section in relation ta the avesrags value

< 182

5,3.45 I f, In a natindnal netwark, the manuwfacétored lengths
are: lald accordirg to A grouping plan, the average
valye defised in $5,.3,2. can be 75 + 241 , and the
difference in the valoe af a manufactured length
defimed in 5.3, 3, can be & 3.4 , provided the condi ~
tions of Article & are med,

5., Permissihin values of the refleclion conffigiont,

ool For all manufactored leanths nf a repeater section
0.6 % [rafloction attenuwation 25,2 N,

54,2, For B0% of rmanufactored benaths of a repoater sectian:
L0M% (raflegtion attenoation xS0 M),

5.5 Crosstalk at 60 kefs betwecn small diameclor cdaxial pairs:
Wasic value of far=end crosstalk {far-end crosstalbk
attenuatlaen lass attenvatian &7 the manufactured lenghbh].

IF - a?’;],f‘-“ - ,Er‘_xg_.

uzs

5.6. Pieloctri¢ strength teosts

hi6.F. Ar alternatidg woltage of 10nnv@f{ af AU s, owr o8 cen -

vinutus voliage of 1500V, is apelizd té the manufdacturad
lantgths hatween the dinteriral and externdl dendunctors, for a
parlod of 2 minutes,

5.6:7. Aa alteinating voltage of QOOGVFff at A0 cfs,is apelied for
a reriod of 7 mingtes between the awterpal conductors, on
the dne hand, and the other condusiidrs on the olher, j$ ‘the

earrier frefquency systesm incurperates external condwetars to
earih,

5.6.3. An alternating veoltage of EOQUVPf{ at 50-cfs, is applisd 4o

“the manufanfured lepgths between anm rxternal conductor and
the other conductors or metal gheaths, for a peried of
2 wiputes, if the carrier frequency systen dass not ins
carparate axtarnal conduators toaarth (MMoating potentiall,




6.1,

6.2,

5.3,
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Art, & - Electrical values of the repeater sectrons
[standard length 6 or 8 km)

Tnsulation resislance meazyred with direct corrond 2t o feemoarn—
ture of + 10° €.

8. 1.1, Betwasn the interal and external conduztoes: 7 5 §1 vis

Bl 2. 'f the co-axial pairs are ooetated by ¢ acrier frodismey
systems with .a floating rotentTal, thae dnpsnlating renisnte--
cr Eetwren an peternal conductor or the rmne band, = P
other external conduetoars: the othef conductors i thnm
catle, and the metal cable steathing on tae other, ~ustk
be = 0.1 6 8 /um,

Linpar rasistacce Deasured with direct cirreat at a te-rarsture
of + 10° ¢,
6.2.1. internal condactor @ R15.0 /e,
6.2.2. External condoctor @ for a 1hickness of
0.18 mim o £ 7,2 2 fum
for a thicknessaf
015 mmo s B2 § Jken

Characteristic Impedance., at 1000 ke /e
difference in rotation to the nemifal wvalus < 1.5 8

Pormissible: values of the reflection conlfisiant & 0ot
Linear attenvation at & Yerperature nf + 107 ¢}

6.5 1. Hdorinal value at 1000 ke fs - 810 odfim
Pereissibhle differonce in relatlion to t5% an-inal & olgs
XY e

)

Parmigssible differeomes of anyone of the romcater socljoas
situated belween twg main repeatar centres in ralntionty
the average valud of these dections L 10 MmNk

B B

i

6.5:3. Attenpation as a function of frequency, gefined in toros of
the ratio befween the attengation at 60 Ye/fs [@ADY ane Lhe
attenuation at 1000 ke/s {@1000), :

fin rati a0
w rabtio -7?T566L1i95 hefae.. .76 @nd 0.294
for am external conductor 0,18 mm in thickness,

The ratio . “5Y 1385 betwéen 0 288 and 0.305

for an externat condoctor 0,15 me in thicknarss,
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6.6.

6.7.

C-psstalk betiwnen small diameter co-axial pairs at 60 kel

Rasie value of the far—end crosstatk {(far-and crosstalk attenua-
tion, lees atrendatiocn of the repeater sreiinn),

6.6.1. for a standard length of 6 lm
af -4 10,2 N —,ﬁn A
&

whare & 1s the Tenath in kilometors

6.6.2. for a standard Tength of § knm

al = a %QH-En el
8

whnrﬁ,e is the length in kiFaveteis,

U electiis strangth tesks between infcraa) and axteraal condie-
tors 1000 V¥ cantinved faria peried of 7 mimcdes,

ket 7 = Moasyrements

Meagyremeats takon fo the factory on manuTactored leagkhs.

F.1.70 The insulation resistance uf each ca—axlalpair fs measureo
for all manufactured 1éngths;

71,2, The Yiscar registance of éach co-axial paie b5 measured for
all maymiifactured Tengths,

7. 1.3, The charactéristic impeddnce of all do-nxial paits showld bhe
measyrad Al boath gngs of all manofactyred lenpths. Tts
vatue is determinnd from the valurs of the bhalance network
hest matehing the lina, whan the raflaction cosffitient Is
meds e '

FoLh The Feflections shawld bo measured an ald co=axial pairs

fram one ar hoth onds of all macpfactyreéd Yengths. The
pulse method 158 recommendad. Vor the porpose of this
measurement, & pilse should be uvsed To which the specteal
distribution af everny Is Tairly veitorm up to A Mo/s,
Subsedoent ly decrdas ing sVowly, The distant énds of the
er-axial pairs shieuld be terminated by a balancing network
reproducing the characteristic impadance of the 1ine.

At ¥hr modsuring end, the faont imgedance should be compar—
ed with a balance, “he anplituvde of the raflented pulses
which appear on the serean and their time lag in relation
Lo the pitdes transgmitted, deprnd on Yhe 5ize of the re-
fleftios coefficient And the gistancs from the reflect fon
poiat to the madsurisg npoint.

The Ealaneds at Lhe neasdring end and: the distact ond are
af fusitad 30 that no reflected pulse die to the 1erminations
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appears, Tg be switable for mse, the measyred valun shoanld bn
corrected to take [nte account the fact that the Aistortlon
of the reflected pulse compared with the transmitted pulse
depends wpan. the nature of the reflection point and fts dln-
tance from the measuring point. The rorrectians depeond upnn
thedcompositlcﬂ of the coaxial pairs and the form of 1ke pilse
U580,

The greatest refloction coefficient ¢ max = —A—T.—:—’.-'E—.-
?Ives the value of the maximum reflection point with respect
o the characterlstic Impedance,

7.1¢6. Crosstalk should only be measvred on a small nimber of many-
factured len?ths taken at random, During the measirema nt's,
the 2xternal conductors of the coaxial pairs should be
connected at bath ends to the metal sheath of the cable. The
calile sheath shoyld be earthad ab LXe measoring point, The
coaxlal palrs are terminated by a reslistance of 75 £2 ,

During measurlng, the cable conductors which are not [rdvaglved
‘should nelthey ba sarthed dgr connecled to the sheath,

7.0.6. ANl coaxial pairs of all manufactured lengihs ghoild %n sub-
Jected. Lo the dieleetric stréngth lest refrrred to :fn 5.6,

7.2+ Measurements made during Installation,

7.2.0, During lastallatien, the Contractor shoutd take the folluding
measurement s

7.2.1,1. The measuring rethatl s the one described in 7.1.4. Measuring
should always -be eoffected an several manufactured lengths, it
arderto detect also any reflections at junction paints.

7:2.1,2, The dialectric strength should be measured contirumisly
on each codxial palr, This measurewont provides assurance
that the dielectric si720 3% condltior i5 wleo complicd
with at the junctjon points,

7.

3.

Acceptance measurements

Zo3ule They faltoping measurements are taken on the. repeater sectjons.

7.3:2: Thiy linear resistance and the insulation resistarce should be
measured: on. 411 Ccoaxial pairs. The temperature cobreaction
showld be taken ipte account. The measiuremant valuoes are
ctorverted to a temperatore of £ 10% .

7¢3:i3. The rharacteristic imoedance of each coavial patr shayld ke
measured al each end of the repeater section. The inpot m-
podance measurement 15 laken in the 500 Yo 1500 kc/s frequen—
cy band, the coeaxial pair being terminated by 2 resistance of
5 £, Ap aveorage smooth elrve is prepared frem the results
gbtained, Af 1000 kels the value of this average curve should
he between 3.5 ang TH,5 ).

Comsideration can alse be given ta the real camponent {Z o)
-of the impedance of the most sultable halance which was wsed
fo- the reflection measurements, A corrogtion {s recessary to
aghtain the valwe at 1000 %cfs. This methad shootd Genpral ly
have preference, since 11 gives the simplest and quickest
sololion.

7:3:.4. Ty tmpndance regotarity should be measured hy Impulses in—
tradiced into the coaxial pair, The scho of those impetses is
ohzerved at the nitset, The effect of the attenuation dis-
tortion ta whileh the impulses an the caaxial paic are suyb--
jesied can be correctod ekther by ealendatinm or by autamnat ic
or manval coarrectior by means of 1ine notworks,

7.3, 5. The attenuation-canstant, the otverall Toss or the atienuation soe:
ftizien] musi be measured on each coaxial pait ineach repeater sec-
tion. The.attengation isdetermined by medsuring the levels, the end
af the circuit being rérminated by ‘a resistance af 75 2. in order.to
have the generator anxl tha tevel receiver at the sarme measuring
paint, twoe coaxisl paics canbe copnscted Yogether ar the distant end.

Thy recntts of themeasuremednts must be corvéried to n tempa—
rasure ol + 10° © [spe Appendix).
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I'n ofdar té obtain an aveeall view, the attﬂ.nufltlir‘n ’-,"."I\'J‘l| b
measurpd with rescecl te the frequency., 7 U-e £0 Le 61
P00 kg/s band, of the coaxial pairs of a repodter Soction
from each HMannlactorer,

On the sther reprater sections a reqord of the atlanyatis- ol

. fr.sn -

a0 we/d and 1000 kofs only is taken, and the rat|o€iijﬁ; s

. catentated, the unbfopmity of which also assumosz ovennesan of
the attaroation variotion wilth respect Lo the froguenow,

7.3.6. The near—pnd crosstalk attenvation should ba maasuradial
6 ke/fs on some repeater séctions only batween all coawial
BAiTsy

For the sake of fZohvaniance, measurement showld b Affordnd
from an easily accessible rofgater point. Moanweing | akes
nlacr on bhe coaxial pair tefmimating in 4 resistaséeool

SN 9 ]

-

The far-end crosstali attenvation should be meastred naly §f
the cabkle incloides at leasl 4 coarial pairs, M:n:;urwng‘. "1""!]5"
b offectad ab ong snd of the repdatler apnctidn hichaednn 1)
cwaxial pairs,

Fo3:7 4t 35 recommendoed that the dielactric s trength Loy tiin
aceorgdance with 6,7, should be carried gul om =orh fepedts
er sectiang
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APPENDTIX

CONYERSION OF MEASURIMG VALUES
OF REPEATER SECTIONS AT A TEMPERATURE OF + 107 C.

. Determination of the temperature af the cable

The reststance of fkm of certra¥l conduclor, &t a temperatyre of .
#2070 £, under ditect current, Tntended te sorve as an average valus for
all lemngths censtitutlng a repeater sectlon, I8 determined {fom measure—
ments effecled In the factory o1 manifactored lengths. Lot R hp this
valve. A conteal conduclor resistance of B, 61/ km s measured” on the
repeater section at 7 C. Taking a temparalire coefficlent of 0.393%7 ¢,
the tonberature of the cable Is then

_ . Ro - Rt
L =20 B T

p 2850 (oY),

2. Conversion of the measured value of the fhsulabion resistance of the

external conductor to the value for + 10° €. {ses Article 6.1.)

THe temperature comfflclent 1s 0.6%/°0, Thils glues a convars lon
factor of

1 = 0.006 (fo-t)
by which the moastired value rost he muttiplied.

3. Conversion of the lincar resistance measursments to valwes fur 4 I 0°C

{sex Article 5.2.) .

Ln viiew of the Facl that tamparctere differences are usual ly smal’l
when mpasyrements are taken In relatinon ta + Y0°C. It suffices Vo take
Tnto enasidevation a temperatire coefficient of 0.4 %/° . This glves a
cor¥ars ion factor of

1+ 0,008 f1o-t)
by which the mnasnred values myst be multfptied.

4. Conversion of the Tinzar atteruatlon mensuwrement to vilees for + L0°C
{see Article 6,5, )

At hldh frequenclasy the temperature coefflcient earals almost




APPrPENDTX

Katl nf the temperature. fopfTiciont of the resistaniés an e

cipreat, Irja incdreases. chen the frednepcy drefeosses. 11 i 0,00
{raqunenicies abeve 200 keds .

A 60 kofe the figure is sligr e ahowe this valie, This f-rronain
alsa dopends én the compnsition of the coaxial aairs. For sxall #ilamaler
coaxlal galrs and at 60 kefs, this cnefficient should nal ax=end
0, 25%/°C, Seriovs .errors can be avepjded if a cernstanmt tewprrablord
condTiciert af 0,200 is dsed for the ronvarsion of the vatiaz —#amired,

. Thig gives a conversion Tactor of ¢

1 % 0,007 (10 - +)
vy which the' measdrad values mogt be multiolied.
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APPLICATION

Wit rffact from 15t Jarvary, 1266 far obligatery regqulationsfom
150 Jamiary, 1848 &Gs regards Points B,6.2, 9.6, 66, 66,1, 68,7,
And A, 0030 ).

ALY Bajiweys in the [rian.
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