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Annex A (informative) Example for recording and calculating the phase variation with

temperature

Figure 1 — Test sample (TS)
Figure 2 — Preconditioning
Figure 3 — TS placement diagram
Figure 4 — Phase—frequency graph schematic diagram
Figure 5 — Test sample (TS)
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

COAXIAL COMMUNICATION CABLES -

Part 1-111: Electrical test methods —
Stability of phase test methods

2014

FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization com

national electrotechnical committees (IEC National Committees). The object of IEC\is to p
brnational co-operation on all questions concerning standardization in the electrical and.electronic fie
b end and in addition to other activities, IEC publishes International Standards, Technical Specific

the subject dealt with may participate in this preparatory work. International, governmental an
ernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates
h the International Organization for Standardization (ISO) in accordanceywith conditions determir
eement between the two organizations.

e formal decisions or agreements of IEC on technical matters express;{as nearly as possible, an intern
sensus of opinion on the relevant subjects since each technical committee has representation fr|
brested IEC National Committees.

L Publications have the form of recommendations for international use and are accepted by IEC N
mmittees in that sense. While all reasonable efforts are{made to ensure that the technical content
blications is accurate, IEC cannot be held responsible for the way in which they are used or fi
interpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publig
hsparently to the maximum extent possible in{ their national and regional publications. Any dive
ween any IEC Publication and the corresponding national or regional publication shall be clearly indic
latter.

~

itself does not provide any attestationlof conformity. Independent certification bodies provide con
essment services and, in some areds) access to IEC marks of conformity. IEC is not responsible f}
vices carried out by independent.certification bodies.

users should ensure that they<have the latest edition of this publication.

mbers of its technical cammittees and IEC National Committees for any personal injury, property dam|
er damage of any ndture whatsoever, whether direct or indirect, or for costs (including legal fee
enses arising out. 'of Jthe publication, use of, or reliance upon, this IEC Publication or any oth
blications.

ention is drawn-to the Normative references cited in this publication. Use of the referenced publicat
ispensable for-the correct application of this publication.

ention js\drawn to the possibility that some of the elements of this IEC Publication may be the sub
ent rights. IEC shall not be held responsible for identifying any or all such patent rights.

brising
omote
ds. To
htions,

Chnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter “referred to ag “IEC
blication(s)”). Their preparation is entrusted to technical committees; any IEC Natiohal Committee intdrested

non-
losely
ed by

htional
pm all

htional
bf IEC
br any

ations
gence
hted in

ormity
br any

liability shall attach to IEC ‘er/its directors, employees, servants or agents including individual expefts and

age or
5) and
er IEC

ons is

ject of

ational Standard |IEC 61196-1-111 has been prepared by subcommittee 46A: Cd

axial

cables, of IEC technical committee 46: Cables, wires, waveguides, R.F. connectors, R.F. and
microwave passive components and accessories.

The text of this standard is based on the following documents:

FDIS Report on voting
46A/1188A/FDIS 46A/1212/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.
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This second edition cancels and replaces the first edition published in 2005. This edition
constitutes a technical revision. This edition includes the following significant technical
changes with respect to the previous edition:

— a
— a

— a

new Clause 4 Phase variation with temperature;
new Clause 6 Phase stability with bending;
new Clause 7 Phase stability with twisting.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A lis
com

The
the
relatd

* rg
° w
* rg

unication cables, can be found on the IEC website.

ommittee has decided that the contents of this publication will remain unchanged
ability date indicated on the IEC web site under "http://webstore.iec.ch™ in the

d to the specific publication. At this date, the publication will be
confirmed,

thdrawn,

placed by a revised edition, or

* amended.

A bili

ngual version of this publication may be issued at a later date.

until
data

IMP(
that

unde
colo

DRTANT — The 'colour inside' logo on the“cover page of this publication indig
it contains colours which are .considered to be useful for the co
rstanding of its contents. Users should therefore print this document usi
Ur printer.

ates
rrect
hg a
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COAXIAL COMMUNICATION CABLES -

Part 1-111: Electrical test methods —
Stability of phase test methods

1 Scope

2014

This |part of IEC 61196 applies to coaxial communication cables. It specifies method

deter

p
e P
p
p

ining the stability of phase of coaxial communication cables.

ase variation with temperature (Clause 4);
ase constant variation with temperature (Clause 5);
ase stability with bending (Clause 6);

ase stability with twisting (Clause 7).

2 Normative references

The fpllowing documents, in whole or in part, are normatively referenced in this documen

are indispensable for its application. For dated references, only the edition cited applies.

unda

ed references, the latest edition of the,referenced document (including

amenldments) applies.

IEC §1196-1, Coaxial communication cables’— Part 1: Generic specification — Ge

definltions and requirements

IEC §1196-1-108:2011, Coaxial communication cables — Part 1-108: Electrical test meth
Test [for characteristic impedance, phase and group delay, electrical length and propag
velocity

3 Terms and definitions

For the purposes of/this’ document, the terms and definitions given in IEC 61196-1, as w
the fallowing apply.

3.1
temp

nt,f

lerature coefficient of phase

s for

t and
For
any

heral,

bds —
ation

ell as

coefficient defined at the specified frequency f, as the ratio of the phase difference A(p,f
between @5 -c , at 25 °C and ¢, , at temperature 7, and the total phase @55 .c , at 25 °C

_ Pascy =Py A@t,f
772‘,f - @ - (D

25C,f 25°C, f

where

2%

is the phase at temperature ¢ and frequency f, in (°);

Po5 oc r is the phase at 25 °C and frequency f, in (°);

A(”t,f

is the phase difference between @,5 -c » and ¢, » at frequency f, in (°);

(1)
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Qo5 oc s is the total phase at 25 °C and frequency f, in (°);

3.2
maximum variation of temperature coefficient of phase
A7

maximum value 77, minus the minimum value 77_..

max

|A77 max = |77max - 77min (2)
3.3
ratio|of relative temperature coefficient of phase
PT

ratio pf the relative temperature coefficient of phase PT, when the relationship,between phase
and temperature is sufficiently linear

pr=_2n 0. (3)
q)zs"c, f-(tz _tl)
where
P.s is the phase value at ¢, and frequency f, ii\(?);
P, s

is the phase value at , and frequency.f, in (°);

D5 o 1 is the total phase at 25 °C and frequency f, in (°).
tyandl t, are any two temperatures within a specified temperature range in which the
relationship between phase.and temperature is sufficiently linear (¢, > #4), in °(C.

3.4
total |relative variation of phase‘constant
total felative variation of the phase constant

5[8 — IBZ _ﬂl (4)
ﬁnom
Z€2 _lel
é‘IH = ’l ’ 'Vr,nom :(Tp,Z _Tp,l).c.vr,nom (5)
mech

where
ﬂl is the phase constant at temperature ¢4 in radians/m;
B, is the phase constant at temperature ¢, > ¢4, in radians/m;
'B"f"" is the nominal phase constant in radians/m;
T, is the phase delay at temperature ¢4 in s/m;
T2 is the phase delay at temperature ¢, > ¢4, in s/m;

c is the propagation velocity in free space (3 x 108m/s);
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L, is the electrical length at temperature ¢4 in m;

16’2 is the electrical length at temperature 7, > ¢4 in m;
lme“h is the mechanical length in m;

VY, nom is the nominal relative propagation velocity.

Note 1 to entry: For unidirectional variation, ¢4 and ¢, are the limits of a specified temperature range. In the case

of changing signs of variation, ¢qand 7, become the temperatures at which the extreme value of Ze or Tp occur.

3.5
templerature coefficient of phase constant
CcT
temperature coefficient of the phase constant

cr=—% ink (6)
lp—t

wherg

B is the total relative variation of the phase copstant;

tyandl t, are any two temperatures within a specified range in which the phase constant is
approximately linear.

4 BRhase variation with temperature

4.1 Purpose

Phasg of cable varies as a functioncof temperature. The temperature variation will induce the
change of the dielectric constant.&,, mechanical length, material character which will ¢ause
its pphase variation. This yariation can be unidirectional or multidirectional. The phase
variafion is characterized ‘by the temperature coefficient of phase N, or by the ratio of

relatipe temperature coefficient of phase PT when the relationship between phaseg and
temperature is sufficiently linear. This method provides a test method to determine the phase
variation with tempeérature. The maximum variation of temperature coefficient of phase

|A77| .. is givefiin Formula (2).

4.2 | Equipment

A temperature chamber with sufficient precision, temperature range and volume shall meet
the requirement specified in the relevant specification (for PTFE insulated cable, the
temperature should be within £2 °C).

A vector network analyzer (VNA) capable of sufficient precision is recommended.

4.3 Test sample

The cable under test shall be terminated with suitable connectors at each end, as shown in
Figure 1. It is suggested that a pair of screw thread connectors which suit with the vector
network analyzer should be used to make a test sample for convenience and higher precision.
Two marks should be made at each end of the test sample, as shown in Figure 1. Ly ,ocp shall
not be less than 0,15 m and L, ., Of the cable under test (CUT) shall not be less than
2,70 m.
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At least two test samples (short named TS) should be made.

L1mech L2mech (CUT) L1mech

)

—

_.ﬂ}_._. _____ I S e—— — 1 Tl

mark mark
Ref : L ¢ Ref
; sample e
IEC\, [1886/14
Figure 1 — Test sample (TS)
4.4 | Test environment
The |variation of the laboratory’s ambient temperature shall bejWwithin +2 °C.| The

recommended temperature is 25 °C. For the cable with PTFE dielectric, the laborajory’s

ambignt temperature should avoid the material’s sensitive temperature interval.

4.5 | Preconditioning

TS shall be put into a temperature chamber in loose coils*with the diameter not less| than

10 times the cable’s minimum static bending radius.

Adjudt temperature of the chamber for 6 cycles as. shown in Figure 2 and maintain at
30 min at each limit temperature (z,,5, and z.;y) which shall be specified in the rel

least
evant

specification to ensure temperature balance.inside. Number of cycles may be agreed between

the customer and the supplier.

A

IEC 1887/14

30 min
_ Imax
o
2
o
(]
Q.
S| t
l_
0 —
min
13
Time, hour
Key
N laboratory’s ambient temperature, for example 25 °C £ 2 °C
tax Maximum temperature specified in the relevant specification, in °C
tin minimum temperature specified in the relevant specification, in °C

Figure 2 — Preconditioning

4.6 Test procedure

After preconditioning, one of the TS is picked up for calibration as a reference sample during
test. The state and position of the reference sample shouldn’t be changed during the test

period to avoid the measurement error.
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Put the other TS into the temperature chamber with two ends of TS from the marks outside
the chamber and seal the chamber with thermal insulating plugs as shown in Figure 3. The
marks in Figure 3 are proposed to be placed in the middle of the thermal insulating plugs. The
other part (CUT) of the TS in the chamber shall be placed in loose coils with the diameter not
less than 10 times the cable’s minimum static bending radius.

After
not lg

Set the temperature chamheérrto 25 °C and maintain 10 min at least when it reache
temperature. Connect TS ‘with the VNA, and read the frequency f; and f, which ar

adjag
of f. 1

Ve
-

§
b
\*\g): &\N

&

%

IEC 1888/14

Figure 3 — TS placement diagram

being preheated, the VNA shall be set to S, or S, with the number of scanning
ss than 801. Calibrate it over’the specified frequency range.

ent peak wave or valley wave as shown in Figure 4. f; and f, should be near the
[he total phase of the CUT at frequency fat 25 °C is:

o L
(D25°C,f =360° x f x 2mech
f2 - f’l Lsample

oints

5 the
e the
value

(7)
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Phase

/4 /2

+180° l\ l\ I\ I\
0° .
‘ \I \I \I Frequency
-180°

At 2§
recor

again
Adjud
time

parag

Adijus

maximum temperature of the cable and repeat the steps of 4.6 paragraph 6 and recor

phas

NOTE
maintg
more {

' et 1009
Figure 4 — Phase—frequency graph schematic diagram
°C, use the reference sample to calibrate VNA. Then connect TS with_the VNA

1 the phase value Prsc s at frequency f. Connect the reference sample with the

and record its phase drift 525@’]».

t the temperature of the chamber to the lowest temperature +{ and maintain for er
so that the CUT get balanced in temperature (see Note-1). Repeat the steps d

e value ¢, , and phase drift 6l.,f at frequency’'f at ¢,

1 Different cables differ in maintaining timé. When the outer diameter of cables is less than 6 m
ining time is at least 30 min or as specified;in'the relevant specification; when the outer diameter of ca
han 6 mm, the maintaining time is increased or as specified in the relevant specification.

raph 5 and record the phase value ?, and phase drift §l,f at test frequency fat ¢4.

and
VNA

ough

t the temperature of the chamber to each higherdemperature ¢ (see Note 2) until fo the

d the

m, the
bles is

NOTE|2 For cables with PTFE dielectric, ‘the testing temperature point between —20 °C to 25 °C is increased so
as to det a more accurate result.
4.7 | Test result
4.71 Calculation of temperature coefficient of phase
Use Formula (1) to.calculate the temperature coefficient of phase 77, . at 7 at frequency|f:
Prsc.r ~Piy —06,,/2 Ag, ,
M., = = (8)
q)’)iT‘ _r’ q)’)i”(‘ _f'
where
Prsc.r is the phase at 25 °C at frequency f, in (°);
s is the phase at ¢, at frequency f, in (°);
it is the VNA phase drift at each temperature point during test, in (°);
() J
25C.S is the total phase at 25 °C and frequency £, in (°);
A(ot,,f

is the phase difference between @.s5c r and @, , at frequency f, in (°).
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The phase drift of the VNA can be ignored when no higher precision is requested, and the
temperature coefficient of phase n, , atgat frequency f can be calculated with:

_ Pscyr —Puy Agot, S
ﬂt,-,f - D - D

9)

25C, f

25C, f

4.7.2 Graph of phase temperature change

T ire at

specified frequency f.
4.7.3 Maximum variation value of phase variation with temperature
Use Formula (2) to calculate maximum variation value of phase variation with tempenature
(nmax _nmin )

4.7.4 Ratio of the relative phase temperature coefficient

Use Formula (3) to calculate the ratio of the relative phase.temperature coefficient PT when
the relationship between phase and temperature is sufficientlylinear.

4.8 | Test report
The test report shall include:

e the preconditioning temperature (¢« — 46inds

o the temperature range and test temperature points;
¢ the maintaining time at each temperature;
o the sample length;

o the test frequency.

Annek A gives an example ‘an how to record the testing data and calculate testing result ¢f the
phas¢ variation as temperature change.

4.9 | Requirement

The Jalues shall meet the requirements of the relevant specification.

5 HRhase constant variation with temperature

5.1 Purpose

Phase constant varies as a function of temperature. This variation can be unidirectional or
multidirectional. The stability of the phase constant is characterized either by the total
variation of the phase constant or by the temperature coefficient of the phase constant in a
temperature range in which the relationship between phase and temperature is sufficiently
linear. The phase-temperature relationship of new cables may be influenced by irreversible
variations of the phase constant. These can be reduced by heat cycling.

In addition to the temperature, the phase constant depends on the pressure and the humidity
of the gas enclosed within the cable. This is of particular interest in the case of cables with
airtight outer conductors.
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5.2

Equipment

A temperature chamber with sufficient precision, temperature range and volume shall meet
the requirement in the relevant specification.

A vector network analyzer (VNA) capable of sufficient precision is recommended.

5.3

Test sample

Prepare TS according to 4.3 or the relevant specification.

5.4

Test environment

The Jariation of the laboratory’s ambient temperature shall be within +2 °C. For the‘cablg with

PTFH dielectric, the laboratory’s ambient temperature should avoid the maternial’s sen

temp

5.5

TS shall be preconditioned according to 4.5.

5.6

The

of thg VNA.

Put t
cham
parts
10 tin

Refer

Set

Measure the phase ¢, , in radians at 74 according to IEC 61196-1-108.

Mea

Set Jhe temperature (of~chamber to 7, and maintain 30 min at least when it reachg

brature interval.

Preconditioning

Test procedure

NA shall be calibrated according to the error correction procedure given in the m

he TS into the temperature chamber with twe ends of TS from the marks outsid
ber and seal the chamber with thermal instlating plugs as shown in Figure 3. The
of the TS in the chamber shall be placed in loose coils with the diameter not less
nes the cable’s minimum static bending.radius.

to Figure 3 for the placement ofJS.

he temperature of chamber-to ¢4 and maintain 30 min at least when it reache

ure the phase '¢) . in radians at 1, according to IEC 61196-1-108.

sitive

anual

e the
other
than

S 14.

S 1.

5.7 | Test result

Accofdifgto Formula (8) of IEC 61196-1-108:2011, S, B,  is calculated as:
Py Pus

where

'B‘I’f is the phase constant at 7, at frequency f, in radians/m;

ﬂfz’f is the phase constant at ¢, at frequency f, in radians/m;

Pu.r

is the phase at ¢, at frequency f, in radians;

(10)
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Po.s is the phase at 1, at frequency f, in radians.

The total relative variation of the phase constant is:

55=Les ~Pur (11)
Broms
where
’B’l’f is the phase constant at 7, at frequency f, in radians/m;
ﬁfz’f is the phase constant at ¢, at frequency f, in radians/m;
Bron,|

is the nominal phase constant at frequency £, in radians/m.

Use Formula (6) to calculate the temperature coefficient of the phase constant CT:

CT = B
tz _tl

5.8 | Test report
The test report shall include:

e the preconditioning temperature (¢,,x = {mir)

e the temperature range (74 — t5);
e thle maintaining time;

o the sample length;

o the test frequency;

e the nominal phase constant;

o the temperature coefficient of the phase constant.
5.9 | Requirement

The Jalues shall,meet the requirements of the relevant specification.

6 Rhase,stability with bending

6.1 Purpose
The structure and electrical length of the cable will be changed when it is subjected to

bending, which will induce the phase change. This method provides a test method to
determine the phase variation with specified frequency when the cable is subjected to bending.

6.2 Test environment

The variation of the Ilaboratory’s ambient temperature shall be within 2 °C. The
recommended temperature is 25 °C.

6.3 Test sample

The cable under test shall be terminated with suitable connectors at each end, as shown in
Figure 5. It is recommended that a pair of screw thread connectors which suit with the vector
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network analyzer is used to make a test sample for convenience and higher precision. The
length L of the cable under test (CUT) shall meet the requirements shown in Figure 6.

(A= ——m00

Ref : . Ref

= o

IEC 189

6.4

A ved
Test

6.5

After
not Ig

Conn
radiu
VNA

Put &
180°
VNA,
redud

Straig
CUT,
Figur
Figur

Figure 5 — Test sample (TS)

Equipment

tor network analyzer (VNA) capable of sufficient precision is recommended.
clamp for fixation should meet the precision requirement (if needed).

Test procedure

being preheated, the VNA shall be set to S12 or S21 with the number of scanning ¢
ss than 801. Calibrate it over the specified frequency'‘range.

ect the TS with the VNA and bend the CUTto U shape with the minimum be
5 1 specified in relevant specification as shown in Figure 6 a). Calibrate the phase
fo zero.

mandrel with the specified diameterld on C, and bend the CUT around the mandr
as shown in Figure 6 b). Record @urve 1 of the phase variation with frequency i
shown in Figure 8. Bending should be very carefully performed and stable in org
e its effect on the test result.

jhten CUT back to the(initial position shown in Figure 6 a). Put the mandrel unds
and then bend the CGUT around the mandrel for 180° in a reversed way as sho
6 c). Record curve 2 of the phase variation with frequency in the VNA sho

<
e 8.

0/14

oints

nding
f the

el for
n the
er to
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Test sample

a) Initial position

IEC 1891/14

Test report

bénding radius;

Ly > 150 mm

Mandrel

N\

b)

st report shall include:

c) Seeond bend

Figure 6 — Bending test

IEC

IEC™ 1892/14

1893/14

the bending radius » of the U shape; usually r is not less than the minimum dyr

the diameter d of the mandrel, which is usually 10 times the cable’s outer diameter;

thie test frequency;

thie r€sult of the test: curve 1 and curve 2.

amic
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R ) / | Curve 2
-8 /
“ - _ | Permit range value (lower)
-12 : : . .
0,05 5 10 15 20
frequency, GHz
——— — Permit range value — Actuel test value
IEC 1894/14
Figure 7 — Test graph schematic diagram
6.7 Requirement
The fesult of the test (curve 1 and curve 2) shall meet the requirement in the relevant
specification shown as permit range value in Figure 7.
7 Bhase stability with twisting
7.1 Purpose
The gtructure and electrical length of theseable will be changed when it is subjected to twjsting,
which will induce the phase change._This method provides a test method to determing the
phas¢ variation with specified frequency when the cable is subjected to twisting.
7.2 | Test environment
The |variation of the daboratory’s ambient temperature shall be within +2 °C.| The
recommended temperatute is 25 °C.
7.3 | Test sample
The ¢able under test shall be terminated with suitable connectors at each end, as shown in
Figure 5. Avpair of screw thread connectors which suit with the vector network analyser should
be used, te’ make a test sample for convenience and higher precision. The length L gf the
cablel under test should be:
[}
;360 (12)
0
where
L is the length of CUT, in m;
o is the permitting maximum twist angle per length specified in the relevant specification,
in °/m.
7.4 Equipment

A vector network analyzer (VNA) capable of sufficient precision is recommended.
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Test clamp for fixation should meet the precision requirement (if needed).

7.5

Test procedure

2014

After being preheated, the VNA shall be set to S, or S, with the number of scanning points
not less than 801. Calibrate it over the specified frequency range.

Connect the TS with the VNA and bend the CUT to U shape around a mandrel with the
specified diameter d as shown in Figure 8 a). Calibrate the phase of the VNA to zero.

Rota

with frequency in the VNA shown in Figure 9. Twisting should be very carefully performe
stabl¢ in order to reduce its effect on the test result.

Retunn the mandrel to the initial position shown in Figure 8 a). Then rotate the mand

180°

frequency in the VNA shown in Figure 9.

VNA/Or clamp

R0
Test sample RO

S o
o 0a%% %% %0
'*Y‘zt'&v

Test ports

IEC 1895/14

a),Initial position

IEC 1896/14

b) First twist

in the reverse way as shown in Figure 8 c). Record curve 4 of the phase variatiorn

te the mandrel to 180° as shown in Figure 8 b) and record curve 3 of the phase variation
] and

rel to
with

IEC 1897/14

c) Second twist

Figure 8 — Twist test

7.6 Test report

The test report shall include:

e the diameter d of the mandrel, which is usually 10 times the cable’s outer diameter;
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