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Standard Test Methods for
Electrical Performance Properties of Insulations and
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This standard is issued under the fixed designation D 4566; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope Phase delay 40
: Phase velocity 41
1._1 These test mgthgds cover procgdures for electrical o g ¢ Ciher metallic cable elements 1
testing of thermoplastic insulations and jackets used on tele- shorts test (continuity between wires of a pair) 29
communications wire and cable and for the testing of electrical Structural Return Loss 45
Voltage surge test 38

characteristics of completed products. To determine the proce-

dure to be used on the particular insulation or jacket com- 1.3 The values stated in inch-pound units are to be regarded
pound, or on the end product, reference should be made to ti&s the standard. SI units are for information only.

specification for that product.

1.4 This standard does not purport to address all of the

1.2 The test methods appear in the following sections of thisafety concerns, if any, associated with its use. It is the

standard:

Test Method Sections
Electrical Tests of Insulation—In Process: 4-8
D-C proof test 8
Insulation defect or fault rate 7
Spark test 6
Electrical Tests of Completed Wire and Cable: 9-37
Attenuation 26
Capacitance deviation 19
Capacitance difference 20
Capacitance unbalance—pair-to-ground 22
Capacitance unbalance—pair-to-pair 21
Capacitance unbalance—pair-to-support wire 23
Characteristic impedance—Method 1 42
Characteristic impedance—Method 2, Options 1 and 2 43
Characteristic impedance—Method 3 44
Coaxial capacitance (capacitance to water) 17
Conductor continuity 11
Conductor resistance 13
Conductor resistance unbalance (pairs) 15
Continuity of other metallic cable elements 12
Crosses test (continuity between wires of different pair) 30
Crosstalk loss—far end 25
Crosstalk loss—near end 24
DC proof test—core-to-internal shield (screen) 35
DC proof test—core-to-shield 33
DC proof test—core-to-support wire 34
DC proof test—internal shield (screen)-to-shield 36
DC proof test—other required isolations 37
DC proof test—wire-to-wire 32
Fault rate test (air core only) 28
Insulation resistance 27
Jacket voltage breakdown rating test 31
Mutual capacitance 18
Mutual conductance 16
Phase constant 39

1 These test methods are under the jurisdiction of ASTM Committee D-9 on
Electrical and Electronic Insulating Materials and are the direct responsibility of

Subcommittee D09.18 on Solid Insulations, Non-Metallic Shieldings, and Cover-

ings for Electrical and Telecommunications Wires and Cables.
Current edition approved Dec. 10, 1998. Published March 1999. Originally
published as D 4566 — 86. Last previous edition D 4566 — 94.

responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. Specific hazard
statements are given in Sections 6 and 32.

2. Referenced Documents

2.1 ASTM Standards:

B 193 Test Method for Resistivity of Electrical Conductor
Material&

D 150 Test Methods for A-C Loss Characteristics and
Permittivity (Dielectric Constant) of Solid Electrical Insu-
lating Material$

D 1711 Terminology Relating to Electrical Insulation

D 3426 Test Method for Dielectric Breakdown Voltage and
Dielectric Strength of Solid Electrical Insulating Materials
Using Impulse Wavés

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specificatins

2.2 ANSI Standard:

ANSI/IEEE Standard 100 IEEE Standard Dictionary of
Electrical and Electronics Terfis

3. Terminology

3.1 Definitions of Terms Specific to This Standard:

3.1.1 air core, n—refers to products in which the air spaces
between cable core components (pairs, etc.) remain in their
unfilled or natural state.

2 Annual Book of ASTM Standardgol 02.03.

2 Annual Book of ASTM Standardgol 10.01.

4 Annual Book of ASTM Standardgol 10.02.

S Annual Book of ASTM Standardgol 14.02.

© Available from the Institute of Electrical and Electronic Engineers, Inc., 345 E.
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Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



Ay D 4566

3.1.2 armored wire or cablen—wire or cable in which the the grounded conductor. This arcing or sparking will usually
shielded or jacketed or shielded and jacketed wire or cable iactivate one or more indicators (such as, warning buzzers or
completely enclosed by a metallic covering designed to protedights, counters, etc.) and, when appropriately interlocked, may
the underlying telecommunications elements from mechanicdialt the production or movement of the item through the

damage. sparker. For telecommunications products, the number of faults
3.1.3 cable, telecommunicationsn—products of six or are usually only counted while production continues. Jacket
more pair. defects may be flagged when detected. Jacket defects and units

3.1.4 filled corg n—those products in which air spaces are of insulated wire containing an excessive number of faults may
filled with some materials intended to exclude air or moisturepe repaired or disposed of.

or both. _ _ , 6.2 Caution:— Lethal voltages may be present during this
3.1.5 pair, n—two insulated conductors combined with a gt |t js essential that the test apparatus, and all associated
twist. _ equipment that may be electrically connected to it, be properly
3.1.6 phase constantf), n—a number derived from the yeqjaned and installed for safe operation. Solidly ground all
shift incurred by an elect_rlcal sinusoidal signal as it prOIOagateﬁlectrically conductive parts that any person might come into
along the length of a paur of conductors. . contact with during the test. Provide means for use at the
3‘1'7 sheath n—the J_acket an.d any un(_jerlylng layers of completion of any test to ground any parts which: were at high
isnhclﬁjlgi’narﬁzr’cg:eowrear intermediate material down to but no(/oltage during the test; may have acquired an induced charge
318 ghielded wire oe.cabllan—wire or cable in which the during the test; may retain a charge even after dlsconne(_:uon of
T . . . the voltage source. Thoroughly instruct all operators in the
core (or inner jacket) is completely enclosed by a metallic roper way to conduct tests safely. When making high voltage
covering design_ed to shield the core from electrostatic o ests, particularly in compressed.gas or in oil, the energy
elchtlr%mva?en ettlgIlen(fg:;?r:irr;?sét?c:nt;?]m—'produ cts containing release_d at breakdown may be sufficient to_result in fir_e,
less than si>2 pair. ’ explosion, or rupture of the test ch_amber. Design te_st. equip-
ment, test chambers, and test specimens so as to minimize the

ELECTRICAL TESTS OF INSULATION— possibility of such occurrences and to eliminate the possibility
IN-PROCESS of personal injury.
6.3 Unless otherwise limited by detailed specification re-
4. Scope quirements, spark testers used may generate either an ac or dc

4.1 In-process electrical tests are used primarily as procesest voltage; if ac, various frequencies may be used. For safety
control tools in an attempt to minimize the number andto personnel, spark test equipment is usually current-limited to
magnitude of problems detected at final test of completedevels normally considered to be nonlethal. Unless otherwise
cable. specified, the test voltage level employed shall be at the

discretion of the manufacturer.

. . o 6.4 Unless otherwise limited by detailed specification re-
5.1 Electrical tests, properly interpreted, provide '”forma'quirements, various types of electrodes may be used, at the
tion with regard to the electrical properties of the insulation.giscretion of the manufacturer. Bead chains, water, ionized air
The electrical test values give an indication as to how the,q spring rods are among electrode types that have been
insulation will perform under conditions similar to those successfully employed. The length of the electrode is also

observed in the tests. Electrical tests may provide data fQfariaple: unless otherwise limited by detailed specification

research and develop_mer_lt, engineering _d_esign, quality Contr%quirements, electrode size and length shall be such that the
and acceptance or rejection under specifications. tester will operate successfully for any particular rate of travel
of the product through the tester that is used. In spite of current
6. Spark Test R . !
limitations, electrodes are normally provided with grounded

_ 6.1 The spark test is intended to detect defects in the,eayjic screens or shields to guard against accidental person-
insulation of insulated wire conductors. Spark testers areq| -ontact

commonly used to detect insulation defects (faults) at conduc- . .
tor insulating operations, at pair twisting operations, and %‘5 ??;h eno![s”(.)f ﬂ;‘? ::dondléctor of Lr:sqlatli:dtwwe, or b(;thd
(occasionally) at operations for assembly or subassembly ginas ot the metallic shield under a cable jacket are grounded,
conductors. In selected instances, spark tests may be used d then attac;hed to the ground side of the tester. Attach the
detect defects in the jackets of shielded wire and cable, and inh voltage side of the tester to the sparker electrode. Set the

such cases, spark testers appear on cable jacketing lines. St vpltage at the level specified. Unless otherwise specified.,
basic method calls for a voltage to be applied between gnergize the spark tester whenever the product to be tested is
: : 5poving through the electrode. Take appropriate action (for

contact with the surface of the material being tested. The wir&*@mPle, flag defects, count defects, adjust the process, etc.)
or cable under test usually moves continuously against th@/nen and if defects are detected.

electrode. When the dielectric medium is faulty (for example, 6.6 Report

excessively thin or missing, as in a pin-hole or when mechani- 6.6.1 Report the following information recorded on suitable
cally damaged), the impressed voltage will produce an arc téorms (that is, production reports):

5. Significance and Use
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6.6.1.1 Machine number and type (that is, extruder, twisterl0. Significance and Use

etc.), ) 10.1 Electrical tests, properly interpreted, provide informa-
6.6.1.2 Date of production test, _ tion with regard to the electrical properties of the insulation or
6.6.1.3 Insulation type (air core or filled core), conductorgf the jacket, or both. The electrical test values give an

gage and footage, indication as to how the wire or cable, or both, will perform
6.6.1.4 \oltage level, and under conditions similar to those observed in the tests. Elec-
6.6.1.5 Number of indicated faults. trical tests may provide data for research and development,

6.7 Precision and Bias-The precision of this test has not engineering design, quality control, and acceptance or rejection
been determined. No statement can be made about the bias g{der specifications.

this spark test since the result merely states whether there is
conformance to the criteria for success specified in the produgty - conductor Continuity

ification. - o
specificatio 11.1 Continuity of the conductors of a telecommunications

7. Insulation Defect or Fault Rate—In-Process wire and cable is a critical characteristic.
7.1 For purposes of in-process control, it may be desirable 11.2 Unless otherwise specified or agreed upon, conductor

to monitor and record in-process faults at a particular operatiofintinuity shall be verified using a dc potential of 100 V or
(such as, extruders, twisters, etc.) and relate the number Ezfss. Manual continuity checkers commonly take the form of a
defects found to the quantity of product produced. attery voltage source of 9V, in series with a visible or audible
7.2 When appropriate, and using records of the quantity ofdicator Wlth hand-held test leads. Agtomatlc tgst equipment,
product produced versus the number of insulation defect@!SC available to test properly terminated wire and cable,

counted, a fault rate may be established as a ratio as follow&ermally provides an indication (lights or printout) when
continuity does not exist.

faults detected 1 11.3 Prepare each end of the wire or cable for test. This
Fault RS~ quantiy ftor m) produced X @ usually invoﬁves stripping some insulation from each conductor
7.3 Fault rates may be determined for any particular timeat each end and separating the conductors at one or both ends.
frame as desired; however, minimum industry practice is ta¥hen automatic test equipment is used, terminate the indi-
keep fault rate records covering periods approximating Vidual conductors at a test fixture (both ends are normally
month, with cumulative records kept for 6-month periods (forterminated since this automatic test is often performed in
example, for the first 6 months of the year, the fault rate wagonjunction with other tests). When manual continuity check-
1/40 000 ft, meaning 1 fault/40 000 conductor ft.) ing is performed, it is usually suitable to connect all conductors
7.4 Report—Report in accordance with 6.6. to a common termination (for example, wrap stripped ends
7.5 Precision and Bias-The precision of this test has not with a length of copper wire, immerse one end in an electri-
been determined. No statement can be made about the bias&flly conductive liquid, etc.) at one end of the wire or cable.
this test for insulation defect or fault rate since the result 11.4 In succession, apply the voltage source to one end of
merely states whether there is conformance to the criteria fosach conductor. Using test equipment indicators, verify the
success specified in the product specification. continuous circuit paths or detect the discontinuities.
11.5 After defective conductors are repaired, continuit
8. DC Proof Test—In-Process checks must be repeated. P y
8.1 For purposes of in-process control, it may be desirable 11 6 Report—Report in accordance with Section 47.
to dc proof test product at one or more stages of processing 11.7 Precision and Bias-The precision of this test has not
prior to the final test operation. Such testing is normally at theyeen determined. No statement can be made about the bias of
discretion of the manufacturer. this test for conductor continuity since the result merely states

8.2 Conduct wire-to-wire dc proof tests in accordance withyhether there is conformance to the criteria for success
Section 32 following, at whatever stage of production may bespecified in the product specification.

appropriate and designated by the factory management.
8.3 Report—Report in accordance with Section 47 exceptis Continuity of Other Metallic Cable Elements

that 47.1.5 does not apply. 12.1 In addition to the metallic conductors intended for

8.4 Precision and Bias-The precision of this test has not information transmission, telecommunications wire and cable
been determined. No statement can be made about the bias OF ’

this dc proof test since the result merely states whether there([g'ay contain one or more additional metallic elements in the

conformance to the criteria for success specified in the produ rm of a shield, an armor, or an internal shield or screen that
Separates a cable into compartments, etc. Depending upon the

specification. : X .
particular product design, these elements may or may not be in
ELECTRICAL TESTS OF COMPLETED WIRE contact with each other (cross-continuity). The continuity of
AND CABLE each of these elements is normally considered to be a critical
parameter.
9. Scope 12.2 Unless otherwise specified or agreed upon, verify the

9.1 Electrical tests of completed wire and cable may includéndividual continuity of each shield, armor, screen (internal
verification of some or all of the properties in accordance withshield), or other metallic cable element of the cable construc-
Sections 11-45. tion using a dc potential of 100 V or less, in accordance with
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Section 11. When metallic elements under test are insulated4. Resistance of Other Metallic Cable Elements
the insulation is normally removed to the extent necessary for 14.1 |t is occasionally important to know the resistance of
testing. If continuity between any of these metallic elements igther metallic elements (most often shield resistance) within
required, it shall be verified; if such continuity is expected buttelecommunications wire and cable. When required, this infor-
not required, it may be verified at the discretion of themation may be obtained following 13.2-13.4, measuring cable
manufacturer. |f Continuity betWeen a.ny Of these meta”iCConstruction elements as appropriate.
elements is not permitted, verify isolation in accordance with 14.2 Report—Report in accordance with Section 47 and
Section 37. include the ambient temperature.
12.3 Report—Report in accordance with Section 47. 14.3 Precision and Bias-The precision of this test has not
12.4 Precision and Bias-The precision of this test has not been determined. No statement can be made about the bias of
been determined. No statement can be made about the biasthis test for resistance of other metallic cable elements since the
this test for continuity of other metallic cable elements since’e€sult merely states whether there is conformance to the criteria
the result merely states whether there is conformance to tH@r success specified in the product specification.

criteria for success specified in the product specification. ) _
15. Conductor Resistance Unbalance (Pairs)

13. Conductor Resistance 15.1 The difference in resistance between two conductors of
. .any pair can be a key characteristic in telecommunications;

13.1 The .res'lstancg of each Of. the conductors used 'However, resistance unbalance is normally verified only on a
telecommunications wire and cable is usually a key characterqu‘,i“ty assurance sampling basis for finished products
istic; however, conductor resistance is normally verified only 15.2 The Conductor Resistance Unbalance is usuaIIS/ deter-
on a quality assurance sampling basis for finished productg,ine 4t the same time that conductor resistance measurements

Complete shipping units (full reels or other) of wire or cable, ;.o made; consequently, 13.2-13.4 apply and resistance data is
or both (not specimen lengths) shall constitute the basi¢,.orded in pair groupings.

sample. When the selected sample reel is a cable containing 815 3 The absolute difference in resistance unbalance is

great many conductors, the conductors of the sample cable ag8cjated by subtracting the lesser resistance from the greater
also checked on a sampling basis (that is, sampling of thgsgistance. Absolute resistance unbalance is normally ex-
sample). pressed inQ/1000 ft or /km. A more useful and generally

13.2 Unless otherwise specified or agreed upon, measuiged expression for resistance unbalance is percent resistance
the dc resistance of conductors at or correct to 68°F (20°Clynbalance, where

Temperature correction shall be performed as described in Test % Resistance Unbalanee
Method B 193. The dc resistance is considered to vary directly (max resistance- min resistance
with cable length. (N resTstance x 100 2

13.3 Conductor resistance measurements are commonly 15 4 Telecommunications wire and cable users are generally
made using volt/ohm meters or Wheatstone bridges having afjterested in two resistance unbalance values: cable average
accuracy oft0.5 %. Various types of automatic or semiauto- ang maximum individual pair unbalance. Cable average in
matic equipment may also be used. absolute or percentage terms is determined by standard aver-

13.4 Follow the general procedures of 11.3-11.5 except thaiging techniques, while the maximum individual pair unbal-
the voltage source shall be the test instrument, and instrumeghce in absolute or percentage terms is determined by simple
readings obtained for each tested conductor shall be recordeidispection of the data. Data values are then compared with
Note that data for resistance unbalance testing (Section 15) ietailed specification requirements to verify conformance.
normally obtained during this procedure; consequently, care 15.5 Repori—Report in accordance with Section 47 and
must usually be taken to record data separately in paiinclude the average and maximum values.
groupings. See Section 15 for details. 15.6 Precision and Bias-The precision of this test has not

13.5 Upon completion of measurements, manipulate th&een determined. No statement can be made about the bias of
recorded data as appropriate (for example, determine averagdBis test for conductor resistance unbalance (pairs) since the
adjust for temperature and length, etc.) and compare with theesult merely states whether there is conformance to the criteria

requirements of detailed specifications. for success specified in the product specification.

13.6 Report . ) , . 16. Mutual Conductance

13.6.1 Reportin accordance with Section 47 and include the . . .
following: 16.1 The mutual conductance of a pair in a wire or cable is

- . proportional to the mutual capacitance, the average value of the
13.6.1.1 Minimum, maximum and average values, and effective dissipation factor of the insulating system, and the
13.6.1.2 Ambient temperature. frequency. Although it is one of the primary transmission
13.7 Precision and Bias-The precision of this test has not characteristics, mutual conductance is the least consistent; the

been determined. No statement can be made about the biasafnductance of an individual pair may vary as much as 10 to

this test for conductor resistance since the result merely statd$ % from the nominal values at carrier frequencies. Fortu-
whether there is conformance to the criteria for successately, the effect of conductance on the secondary parameters
specified in the product specification. is negligible at voice frequency, and contributes less than 1 %
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to the secondary parameters at 1 MHz, so the inconsistency eontrol the insulating equipment. Such measurements are
of little consequence. Although conductance also varies witlyenerally not suitable for product acceptance.
temperature, the correction is insignificant in comparison with 17.3 For purposes of measuring coaxial capacitance in
other sources of variation, so it is usually neglected. completed wire, a sample length of insulated wire is immersed
16.2 Because of the factors mentioned in 16.1, mutuain a water bath and the direct capacitance is measured between
conductance is normally measured only infrequently, andhe conductor and the water. Unless otherwise specified, a
readings are usually taken on short specimen lengths (an exatinimum specimen length of 1000 ft (305 m) shall be used.
32-ft specimen is convenient). When an impedance bridge ifinless otherwise specified, perform measurements at a water
used for measurements, conductance and capacitance maytbemperature of 2@ 2°C and a test frequency of 10@0 100
read directly from the instrument balance settings. Variousdz using capacitance or impedance bridges, capacitance
types of automatic or semiautomatic equipment may also bmeters, etc. Unless otherwise prohibited, other equipment
used. yielding equivalent results may be used.
16.3 Unless otherwise specified, obtain mutual conductance 17.4 Report—Report in accordance with Section 47 and
readings at 23 3°C and 1000t 100 Hz. Measured values are include the minimum, maximum, and average values.
normally converted to a standard length value (normally one 17.5 Precision and Bias-The precision of this test has not
mile or one km). For conductance in microsiemens per milebeen determined. No statement can be made about the bias of

the values would be: this test for coaxial capacitance (capacitance to water) since the

G X 5280 result merely states whether there is conformance to the criteria
Go=—7T— (3)  for success specified in the product specification.

where: 18. Mutual Capacitance

G, = mutual conductance, pS/mile, 18.1 Mutual capacitance is defined as the effective capaci-

G = conductance reading, uS, and tance between the two wires of a pair. In a multi-pair cable, AC

L = specimen length, ft. mutual capacitance is defined as:

16.4 Report—Report in accordance with Section 47 and
. . _ (Cag) (Cge)
include the maximum value. Cy=Cups + Coc T Con 4)

16.5 Precision and Bias-The precision of this test has not here:
been determined. No statement can be made about the bias of V"€'€:

this test for mutual conductance since the result merely statdgae: Cac andCeg are as |IIu_strateq n Fig. 1. o
whether there is conformance to the criteria for success 18-2 Mutual capacitance is a critical characteristic in tele-

specified in the product specification. communications wire and cable; consequently, unless other-
wise specified or agreed upon between the producer and the
17. Coaxial Capacitance (Capacitance to Water) user, each lot of product is checked to verify this parameter.

18.3 Before measuring, cable to be tested must be prepared

capacitance existing between the outer surface of the rourfl €moving the jacket(s) and shield or armor, when present,

metallic conductor and the outer surface of the insulatind’©™ Poth ends of the cable to expose approximately 2 ft (600
dielectric applied over that conductor. m) of the cable core. Conductors at one end of the cable are

then fanned out to ensure that no conductors are shorted or
Note 1—For a more general definition, refer to Test Methods D 150 orgrounded. Insulation is then stripped for approximately 1 to 3
to Terminology D 1711. in. (25 to 75 mm) from the conductors at the other end of the
17.2 In-process measurements of coaxial capacitance aoable. All conductors are then shorted together and to ground to
made by passing the insulated conductor through a water batlissipate any static charge that may have accumulated.
while measurements are made between the grounded conductorl8.4 Unless otherwise specified, mutual capacitance is un-
and the water. Automatic feedback of data is then used tderstood to mean capacitance at an ac frequency of Q000

17.1 Coaxial capacitance for insulated wire is defined as th

C
AB

Conductor A=A JI B= ConductorB

l
I

AG 2K Cro

G= Cable Shield, if any, plus pairs
not under test, connected together
FIG. 1 Mutual Capacitance Relationships
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Hz, and this test frequency shall be used if measurement is 19.2 Using the methods described in Section 18, measure
made using a bridge technique. Other test methods yieldinthe individual pair mutual capacitances. (Note that this method
comparable results shall be considered as acceptable if noannot be applied tgrouped mutual capacitance readings.)
specifically prohibited. Calculate the capacitance deviation from the measured data
18.5 Mutual capacitance readings are commonly madesing the following equation:
manually using impedance bridges or capacitance meters; .
various types of automatic or semiautomatic equipment may D =+ X 100(%) (6)
also be used.
18.6 Specification limits are generally placed on the cablewhere: o
average mutual capacitance and on the individual pair mutuaP = % RMS deviation from average,
capacitance. Limits for individual pairs can be verified only by @ >x? X\ 2
making measurements of individual pairs, and such measure- N <W) '
ments are normally made for cables of 25 or fewer pairs; for
larger cables, individual measurements are often made only ox
a quality assurance sampling basis. Cable averages can be N’ and
obtained by averaging individual pair readings. Average mu-
tual capacitance can also be measured by grouping a number of individual mutual capacitance values (nF/mile, nF/kft,
pairs together (electrically in parallel circuits), measuring the nF/km, etc.)
capacitance of the group and dividing the total capacitance by 19.2.1 The calculated percentage deviation for any mea-
the number of pairs tested to obtain a grouped average. Whesured cable shall comply with the requirements of the product
grouped readings are made, no more than 25 pairs should Bgecification.
grouped for any one reading. Conversely, grouped readings 19.3 Report—Report in accordance with Section 47 and
should not be used for cables containing 25 or fewer pairs. include the percent deviation.
18.7 Unless otherwise specified, measure mutual capaci- 19.4 Precision and Bias-The precision of this test has not
tance at 23t 3°C. Measured values are normally converted tobeen determined. No statement can be made about the bias of
a standard length value (normally 1 mile or 1 km). For mutualthis test for capacitance deviation since the result merely states

capacitance in nanofarads/mile, the values would be: whether there is conformance to the criteria for success
C X 5280 specified in the product specification.
Co=—1T— ®)

20. Capacitance Difference (Filled Core only)

vc\:/heri: mutual capacitance, nF/mile 20.1 This test may be used to provide some assurance that a
CO = mutual Capacitance’ measur'ed nF. and filled cable is adequately filled across the entire cross-section
L = specimen length ft., Y of the cable core. This test can be applied only to cables that are

manufactured with a clearly discernible center layer of pairs.
Note 2—This method is applicable for lengths of 10 000 ft (3.05 km)  20.2 Using the methods described in Sections 13 and 18,

or less. Special correction factors are required for longer lengths. measure the conductor resistance and mutual capacitance of
18.8 Report individual pairs selected at random, keeping separate records
18.8.1 Report in accordance with Section 47 and include théor pairs from the inner layer and for pairs from the outer layer.

following: When measuring compartmental core cables, make measure-
18.8.1.1 Minimum, maximum, and average values, and ments in each compartment separately. Unless otherwise per-
18.8.1.2 Standard deviation. mitted, the number of inner and outer pair readings shall each

18.9 Precision and Bias-The precision of this test has not be at least 5% of the total pair count, or 25 readings,
been determined. No statement can be made about the biasWfichever is less.
this test for mutual capacitance since the result merely states 20.3 Calculate the average conductor resistance and average
whether there is conformance to the criteria for succes§utual capacitance for the innermost pairs (center layer) and

specified in the product specification. record asiR andC ;, respectively). Repeat this calculation for
the outermost pairs and record &, @nd C,, respectively).
19. Capacitance Deviation 20.4 Calculate the percent differend®, in the average

19.1 The desired intent of most telecommunications cabI%gt?s:gzﬁ%ngzﬁg?: the innermost and outermost pairs using

specifications is to have an individual pair mutual capacitance
and a reel average mutual capacitance as close to the specified wp=0-CG _R-R. .0 @
nominal requirement as possible. It is also intended that Co Ro

differences between reels of cable of different wire gages and 20.4.1 The calculated percentage difference for any mea-
of different pair counts should be kept to a minimum. Thesured cable shall comply with the requirements of the product
capacitance deviation for any reel of cable is defined as thspecification.

calculated root mean square deviation of the mutual capaci- 20.5 Report—Report in accordance with Section 47.

tance of all the measured pairs of the reel of cable from the 20.6 Precision and Bias-The precision of this test has not

average mutual capacitance for that reel of cable. been determined. No statement can be made about the bias of
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this test for capacitance difference since the result merely stat@seasured using a voice-frequency capacitance bridge or com-
whether there is conformance to the criteria for succesparable equipment. The pair-to-pair capacitance unbalance,
specified in the product specification. Cupp Can then be calculated using the following equation:

21. Capacitance Unbalance—Pair to Pair Cupp = (C?d * Coo _'(?“Jr Cod (E_a)
21.1 The capacitances involved and the definition of pair-a vzeiffgeugﬁzsro%tth;r::v;\esciﬁaer(:elff:bazﬁgﬁgé ;?]ia{g?égn\l;';?des
to-pair capacitance unbalance are illustrated in Fig. 2, waere '
and b represent the two conductors of a pair ancind d for each length other than 1000 ft (or 2000 m) to 1000 ft (or
represent the two conductors of another pair 1000 m) by dividing the value of unbalance for the length
21.1.1 The capacitances, nam@ly,, C, C b' andC,, are measured by the square root of the ratio of the length measured
o ’ (o] a (o3

the direct capacitances between conductors. Direct capacitan[% 1000.

is defined in ANSI/IEEE Standard 100 — 1984. Y, = Y ©)
21.1.2 The capacitance€s,, C,,, C ,qandCqyq are the direct 1 4/X/1000

capacitances between wirasb, c andd respectively, and all

other conductors in the cable that are connected to the shiel@’

and grounded. v o=
21.2 Measure the pair-to-pair capacitance unbalance at _

frequency of 1000+ 100 Hz using a capacitance unbalance cable fength, ft (m).

i . . : : . 21.6 Report—Report in accordance with Section 47 and
bridge. Various types of automatic or semiautomatic equmenltnCluole the maximum. averace. and root mean square values
may also be used. ' ge, q .

21.3 In cables of 25 pairs or less and in each group o 21.7 Precision and Bias-The precision of this test has not
multigroup cables, the unbalances to be considered are all -en determmed.. No statement can b.e madg abput the bias of
the following: this test for capacitance unbalance (pair-to-pair) since the result

21.3.1 Between pairs adjacent in a layer merely states whether there is conformance to the criteria for

21.3.2 Between pairs in the center, when there are four pairZicCess specified in the product specification.
or less, and ) )
21.3.3 Between pairs in adjacent layers, when the number &2+ Capacitance Unbalance—Pair-to-Ground
pairs in the inner (smaller) layer is six or less. Here, the center 22.1 The capacitances involved and the definition of pair-
is counted as a layer. to-ground capacitance unbalance are illustrated in Fig. 3, where
21.4 If a capacitance unbalance bridge is not available, tha and b represent the two conductors of a pair. The capaci-
direct capacitances (refer to 21Q), C,4 Cy,cand Gqcan be  tances, namelyC,q and C,, are the direct capacitances

here:
= unbalance corrected to 1000 ft (1000 m),
unbalance of cable length, and

Cog
|
ccc | Cod
1.
-1-Cab
! .
[0 iy O- 1y
= Ccg ! ) Cos L
| =
]
Che | Chd
Chyg

FIG. 2 Conductor Capacitances
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ALL OTHER PAIRS IN CABLE
CONNECTED TOGETHER
AND GROUNDED

SHIELD GROUNDED

FIG. 3 Pair-to-Ground Capacitance Unbalance

between conductora and b respectively and the shield. The all measurements. The maximum allowable unbalance shall

capacitance€,, and C,, are the direct capacitances betweencomply with the requirements of the product specification.

conductorsa andb respectively and all other pairs. 23.3 Report—Report in accordance with Section 47 and
22.2 Using a capacitance unbalance bridge, measure tlieclude the maximum value.

pair-to-ground capacitance unbalance at a frequency of 000  23.4 Precision and Bias-The precision of this test has not

100 Hz. Various types of automatic or semiautomatic equipbeen determined. No statement can be made about the bias of

ment may also be used. this test for capacitance unbalance (pair-to-support wire) since
22.3 If a capacitance unbalance bridge is not available, thehe result merely states whether there is conformance to the

direct capacitances (refer to 22@),, C,,,, C,, andC,,can be criteria for success specified in the product specification.

measured using a voice-frequency capacitance bridge or com-

parable equipment. The pair-to-ground capacitance unbalancg4. Crosstalk Loss—Near End

Cupg can then be calculated using the following equation: 24.1 Near-end crosstalk loss (NEXT) is usually defined and
Cupg = (Cag t Cap) = (Cpg + Cpp) (10)  measured as an input-to-output crosstalk (that is, the power

22.4 Unless otherwise specified, correct the maximum antnput to the disturbing pair is compared to the output power
average capacitance unbalance values for each length othegupled into the disturbed pair at the end of the cable which
than 1000 ft (or 2000 m) to 1000 ft (or 2000 m) by dividing the includes the disturbing source). Referring to Fig. 4, the NEXT

value of unbalance for the length measured by the ratio of thehall be defined as:

length measured to 1000. Vi
Xm = |20 logyg~— | (12)
Y Viy
Y1 = X71000 1)
where:
where: Vin = d!sturbing pqir input voltage, and
Y, = unbalance corrected to 1000 ft (1000 m), V,y = disturbed pair output voltage, near end.
Y = unbalance of cable length, and 24.1.1 To correct crosstalk values to the nominal character-
X = cable length, ft (m). istic impedance, algebraically add the following factor to the
22.5 Report—Report in accordance with Section 46 and measured value:
include the maximum and average values. 47,2
22.6 Precision and Bias-The precision of this test has not 20 IOQLO(Z.TZ)Z (13)

been determined. No statement can be made about the bias of
this test for capacitance unbalance (pair-to-ground) since thevhere:
result merely states whether there is conformance to the criteri? , = nominal characteristic impedance, and
for success specified in the product specification. Z = terminating impedance
24.2 Cable ends shall be prepared for test as described in
23. Capacitance Unbalance—Pair-to-Support Wire 18.3.

23.1 This particular procedure is applied only to self- 24.3 Unless otherwise specifiedq)(the equipment used for
supported (that is, integral messenger wire) non-shieldedrosstalk testing shall be balanced to ground and the pairs
telecommunications wire and cable. under test shall be terminated in their nominal characteristic

23.2 Unbalances shall be measured as described in Sectionpedancet1 %, (b) pairs not under test shall be terminated at
22 except that the grounded support wire replaces the shield iboth ends in their nominal characteristic impedanct0 %,
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Note 1—1. Source impedance Z ;= 1 %. 2.Z, at 150 kHz (FEXT) or 3Z, at 772 or 1576 kHz (NEXT). 4. Terminating resistats, shall be
noninductive.

2SN %

(NS

FIG. 4 Test Circuit for Crosstalk Measurements

(-dB)n

and (c) the input to the disturbing pair shall be approximately P.S. NEXT= 10 log, 21 e (15)

10 dBm. The circuit of Fig. 4, or equal, shall be used. If the
crosstalk values are impedance-corrected (as illustrated in
24.1) to the nominal characteristic impedance, the pairs unde\é"here:
test may be terminated in their nominal characteristic imped- B
ance*25 %. However, in case of conflict, data derived with
the pairs terminated in their nominal characteristic impedance measurements).

+1 % shall be used. 24.7 Report

24.3.1 For accurate readings, each pair in the cable under 4 7 1 Report in accordance with Section 47 and include the
test must be terminated; however, if readings are taken on Rllowing:

sampling of the pairs, the pairs not under test usually can be 54 7 1 1 Minimum and average values
left unterminated, since any error introduced by this shortcut 54 7 1 2 Standard deviation. and ’

will be minor and in the conservative direction (that is, 54713 Power sum near end crosstalk (if applicable).
readings will be worse than if all pairs had been terminated). 54 g precision and Bias-The precision of this test has not
24.4 Measure the NEXT between pairs, as required by thgeen determined. No statement can be made about the bias of
detailed product specification using a signal generator and ghis test for near end crosstalk (NEXT) since the result merely
level meter. Various types of automatic or semiautomaticstates whether there is conformance to the criteria for success
equipment may also be used. specified in the product specification.
24.5 Measured values are normally corrected to a standard
length value (normally 1000 ft or 1000 m). Correction of 25. Crosstalk Loss—Far End
measured values is not required if lengths of 1000 ft (305 m) 25 1 Referencing Fig. 4, the far-end crosstalk loss (FEXT)
or more are used. If lengths less than 1000 ft (305 m) ar@na|l be defined as:
measured then correct the readings to 1000 ft (305 m) by using

measured near end crosstalk, dB, and
number of pairs being measured minus 1, (for
example, for a 50 pair cable each pair will have 49

the following equation: FEXT dB = |20 Iogo#| (16)
- e_40(1x 1F
N, =N, — 10 |0g10m (14) where:
Ve = disturbing pair output voltage, and
where: V,- = disturbed pair output voltage, far end.
N, = near end crosstalk, dB/1000 ft (305 m), 25.2 Cable ends shall be prepared as described in 18.3
N, = near end crosstalk, dB/cable length, (except both ends must be stripped) and terminated as de-
a = attenuation, nepers/cable length, scribed in 24.3.
1, = cable length, ft (m), 25.3 Measure the output-to-output FEXT for any binder
1, = reference length, 1000 ft (305 m), and group in completed cable at the specified frequentyt ¢o)
e = 2.71828. using a signal generator and a level meter. Various types of

24.6 Some specifications require near end crosstalk to b@&utomatic or semiautomatic equipment may also be used. The
reported as power sum (P.S.) near end crosstalk. This requireieasured values shall be corrected to the normal characteristic
ment normally applies to cables containing 50 or more pairsimpedance as illustrated in 24.1.

P.S. NEXT can be calculated from readings obtained in 24.4 as 25.4 Take measurements between adjacent and alternate
follows: adjacent pairs in the same layer, and center to first layer within
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each binder group. Calculate the root mean square FEXT using _ o 21)
the following formula: %68 ~ [T+ 0.0012(T — 68)]
% Vi \2 where:
k=1 \Vae) Ik a, = measured attenuation,
rms FEXTdB = | 20 log, Y N R | a7 T = temperature, °F, and

Qgs attenuation corrected to 68°F.

\II\IVhEireélumber of meastrements berformed 26.5 Alternatively, the information and instructions given in
25_5 unl therwi i g FEXT h b d Fig. 5 may be used for performing temperature corrections.
) niess otherwise specited, shall be measured gho o red values are normally converted to a standard length

23 = 3°C. Measured values are normally converted to ; T
standard length value (normally 1000 ft or 1000 m). To conve&lgwgdggmgl%é (rjml:(':tlyl/ov(ai?hflté n(z;rthl km). Attenuation is

FEXT of the tested length to FEXT of 1000 ft, algebraically 26.6 Upon completion of measurements, mathematically

add the following factor to the calculated FEXT: . ;
manipulate the recorded data as appropriate (for example,
10 I0g10< Measured |engtl(ft)> 4B (18) determine averages, adjust for temperature and length, etc.)
1000 and compare with the requirements of detailed specifications.
25.6 Some specifications require far end crosstalk to be 26.7 Report
reported as power sum (P.S.) far end crosstalk. P.S. FEXT can26.7.1 Report in accordance with Section 47 and include the
be calculated from readings obtained in 25.4 (except measurgs|iowing:
ments must be made on all pair combinations) using the 557 1.1 Minimum. maximum. and average values, and

formula presented in 24.6 :
T 26.7.1.2 Ambient temperature.
25.7 Report—Report in accordance with Section 47 and L np . .
. - 26.8 Precision and Bias-The precision of this test has not
include the minimum and root mean square values. . :
been determined. No statement can be made about the bias of

25.8 Precision and Bias-The precision of this test has not _ - : X
: - _this test for attenuation since the result merely states whether
been determined. No statement can be made about the bias : oo .
there is conformance to the criteria for success specified in the

this test for far end crosstalk (FEXT) since the result merely e
. o roduct specification.
states whether there is conformance to the criteria for succegs

specified in the product specification. 27 Insulation Resistance

26. Attenuation 27.1 Before measuring, prepare cable ends in accordance
26.1 Attenuation is a measure of the loss in signal strengtiith 18.3.

over a length of wire or cable and is affected by the materials 27.2 Each insulated conductor shall be measured with all

and geometry of the insulated conductors. Referring to Fig. 4ether insulated conductors and the shield grounded. Measure-

attenuation shall be defined as: ments shall be made with a dc potential of not less than 100 or
Vi more than 550 V applied for 1 min. The test may be terminated
a =20 'Oglo(v—m) (19)  within the minute as soon as the measurement demonstrates
that the specified value has been met or exceeded.
where: . 27.3 Unless otherwise specified, measure insulation resis-
« measured attenuation of cable length, dB,

tance at or correct to 20°C (68°F). Measurements shall be made
using a megohmeter. Measured values are normally converted
to a standard length value (normally 1 mile or 1 km). For
igsulation resistance in megohm-miles, the values would be:

VN = input voltage level, and
V., = output voltage level.
26.2 Cable ends shall be prepared as described in 25.2.
26.3 Measure attenuation using a signal generator and
level meter. Various types of automatic or semiautomatic R. — RuxL 22)
equipment may also be used. Unless otherwise specified, the
equipment used for measuring attenuation shall be balanced here:
ground and the pairs under tests shall be terminated in thei[R0
nominal characteristic impedance 1 %. IRy, = insulation resistance, measured (megohms), and
26.4 Unless otherwise specified, measure attenuation at or specimen length (ft).
correct to 20°C (68°F). Temperature corrections can be made 57 4 Report

insulation resistance (megohm-mile),

using the following equations: 27.4.1 Reportin accordance with Section 46 and include the

26.4.1 following:

oo = o (20) 27.4.1.1 Minimum and average values, and
[1+0.0022(T = 20)] 27.4.1.2 Ambient temperature.

where: 27.5 Precision and Bias-The precision of this test has not
a, = measured attenuation, been determined. No statement can be made about the bias of
T = temperature, °C, and this test for insulation resistance since the result merely states
a,o = attenuation corrected to 20°C. whether there is conformance to the criteria for success

26.4.2 specified in the product specification.

10
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To adjust attenuation data from one temperature to another, proceed as follows:
1. Find the point where the temperature correction factor (TCF) curve is intersected by the vertical line for the temperature of interest. Project this intersection point
horizontally and read the temperature correction factor on the vertical scale.

Example: For Temperature Read TCF
40°C (104°F) 0.96
50°C (122°F) 0.938

2. If adjusting from a non-standard temperature to the reference temperature (20°C or 68°F), multiply the known attenuation by the temperature correction factor to
determine the attenuation at reference temperature.

Example: Known—attenuation is 2 dB [][@] 40°C (104°F) Method: (1) Read TCF = 0.96
Determine—attenuation at 20°C (68°F) (2) Multiply: 2 dB X 0.96 = 1.92 dB

3. If adjusting from the reference temperature (20°C or 68°F), divide the known attenuation by the temperature correction factor to determine the attenuation at the
non-standard temperature.

Example: Known—attenuation is 2 dB [][@] 20°C (68°F) Method: (1) Read TCF = 0.938
Determine—attenuation at 50°C (122°F) (2) Divide: 2 dB + 0.938 = 2.13 dB [J[@] 50°C (122°F)

Note 1—This Graph applies to copper loss correction only, dielectric losses are assumed to be constant with the temperature.
FIG. 5 Attenuation Temperature Correction Factor

28. Fault Rate Test (Air Core Cable Only) 28.2.4 Cut failing lengths of wire into 25-ft (7-m) lengths
28.1 Just as in the case of in-process fault rate (7.2), fauRnd retest these to ensure detection of multiple faults.

rate in finished air core cable represents the relationship 28.3 Additional specimens may be cut and tested, provided

between the number of faults detected and the conductdhat selected specimens are separated by a minimum of 20 000

footage examined, expressed as a ratio of one fault per givesable ft (6100 cable m) from any other tested specimen. Fault

quantity of conductor length. rate is then determined by relating faults found to conductor
X faults detected 1 fault length tested, as stated in 28.1.
Fault Rate= y—oianiity fested. Z quantity length 23) 28.4 Report
28.2 For finished air core cable, the following method may 28.4.1 Report in accordance with Section 47 and include the
be used (or required) to establish fault rate: following:

28.2.1 Select a sample of completed wire or cable and cuta 28 4.1.1 Conductor footage tested,
specimen length such that a minimum of 1000 conductor ft 28.4.1.2 Number of faults detected (if any), and
(300 conductor m) will be included in the specimen. T '
28.2.2 With the exception of test ends, expose each insu- 28-4.1.3 The fault rate.
lated conductor to tap water over its entire length (by removing 28.5 Precision and Bias-The precision of this test has not
outer covering and immersing the exposed wires, or by fillingoeen determined. No statement can be made about the bias of

the specimen with water under pressure). this fault rate test since the result merely states whether there
28.2.3 Measure the insulation resistance for each wire, ifs conformance to the criteria for success specified in the
accordance with Section 27. product specification.

11
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29. Shorts Test (Continuity Between Wires of a Pair) 31.6 Precision and Bias-The precision of this test has not

29.1 Testing for shorts is normally accomplished using thd?&en determined. No statement can be made about the bias of
voltage test method of Section 32 except that testing idhis jacket voltage breakdown rating test since the result merely
expedited by connecting the tip conductors of each paiftates whether there is conformance to the criteria for success
together, and connecting the ring conductors of each pafPecified in the product specification.
together, and then making one tip-to-ring voltage test.

29.2 Report 32. DC Proof Test—Wire-to-Wire

29.2.1 Report in accordance with Section 47 and include the 321 H|gh V0|tage breakdown testing of telecommunica-
following: tions wire and cable is traditionally performea) (Using a dc

29.2.1.1 Identification and number of shorts detected (if\/o|tage SOUI’CG,m ina dry Configuration, anctI on Comp|ete
any), and production or shipping lengths of wire or cable.

29.2.1.2 The voltage level. o _ 32.1.1 Caution— Lethal voltages may be present during

29.3 Precision and Bias-The precision of this test has not his test. It is essential that the test apparatus, and all
been determined. No statement can be made about the bias Qs ciated equipment that may be electrically connected to it,
this shorts test since the result merely states whether there i3, hroperly designed and installed for safe operation. Solidly
conformance to the criteria for success specified in the prOdUi}round all electrically conductive parts that any person might

specification. come into contact with during the test. Provide means for use
o i _ at the completion of any test to ground any parts which: were
30. Crosses Test (Continuity Between Wires of Different ¢ high voltage during the test; may have acquired an induced
Pairs) charge during the test; may retain a charge even after
30.1 Testing for crosses is normally accomplished by usinglisconnection of the voltage source. Thoroughly instruct all
the voltage test method of Section 32. If pairs have beewperators in the proper way to conduct tests safely. When
separated for other purposes, it may be desirable to test the twoaking high voltage tests, particularly in compressed gas or in
wires of each pair (connected together) to all other pairs usingil, the energy released at breakdown may be sufficient to result
the method of Section 32, provided that the shorts test oin fire, explosion, or rupture of the test chamber. Design test
Section 29 has also been performed. equipment, test chambers, and test specimens so as to minimize
30.2 Report—Report in accordance with 29.2.1. the possibility of such occurrences and to eliminate the
30.3 Precision and Bias-The precision of this test has not possibility of personal injury.
been determined. No statement can be made about the bias 0f32.2 Obtain the dc proof test voltage from a dc source
this crosses test since the result merely states whether therecigpame of supplying the required voltage. The peak-to-peak ac
conformance to the criteria for success specified in the produgfpple component of the dc proof test voltage shall not exceed

specification. 5 % of the average voltage value under no-load conditions.
) 32.3 Measure the dc proof test voltage by a method that
31. Jacket Voltage Breakdown Rating Test provides the average value of the voltage applied to the

31.1 This test is normally applied only to wire and cableinsulated conductor under test. It is recommended that the
intended as “unprotected” premises wiring to ensure complivoltage be measured by the use of a dc meter connected in
ance with Federal Communications Commission (FCC) reguseries with appropriate high-voltage type resistors across the
lations, Part 68, Section 68.213. high-voltage circuit. An electrostatic voltmeter of proper range

31.2 Prepare a specimen of completed wire or cable at leastay be used in place of the dc meter-resistor combination. The
12 in. (300 mm) long. Completely cover the center 6 in. (150accuracy of the voltage measuring circuit shall be within %

mm) of the specimen with conductive foil. Connect all of the of full scale.
underlying conductors (including any shield under the jacket) 324 Apply the dc proof voltage with a rate-of-rise of
of the wire or cable together. approximately 3000 V/s dc. Each insulated conductor shall be

31.3 Apply a 60 Hz ac potential between the groupedested to every other insulated conductor in the wire or cable
conductors and the foil, gradually increasing the potential taassembily.
the required value over a 30 s time period, and then maintain- 3o g Voltage magnitude shall be as specified by the product

ing this potential for a period of 1 min. Measure current flow gpeification. Unless otherwise specified, apply the voltage for
throughout the entire 90 s test period. a period of 3 s.

31.4 Unless otherwise specified, and to comply with FCC
regulations, apply a maximum voltage potential of 1500 V ac; Note 3—For automated test sets, conductors are usually fanned out on
the maximum current flow permitted throughout the 90 s test i§ test board and the test proceeds automatically; for manual testing, it is
10 mA peak. Other voltage and current limitations may beusually most convenient to ground all conductors except one, and apply
o . voltage to the ungrounded conductor. As each conductor is successively
specified for other than FCC compliance purposes.

. . - tested to all others, it is removed from the test configuration.
31.5 Report—Report in accordance with Section 47 and
include the following: 32.6 Report—Report in accordance with 29.2.1.
31.5.1 The maximum voltage level used in the test, and  32.7 Precision and Bias-The precision of this test has not
31.5.2 The maximum current flow measured during the tesbeen determined. No statement can be made about the bias of
period. this voltage test (wire-to-wire) since the result merely states

12
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whether there is conformance to the criteria for success 36.2 \Voltage magnitude shall be as specified by the product

specified in the product specification. specification. Unless otherwise specified, apply the voltage for
_ a period of 3 s.
33. DC Proof Test—Core-to-Shield 36.3 Report—Report in accordance with 29.2.1.

33.1 This test is performed following the methods of Sec- 36.4 Precision and Bias-The precision of this test has not
tion 32 except that all conductors in the core are groupedeen determined. No statement can be made about the bias of
together, and high voltage is applied between these conductotidis voltage test (internal shield-to-shield) since the result
and the grounded shield. merely states whether there is conformance to the criteria for

33.2 \oltage magnitude shall be as specified by the produgiuccess specified in the product specification.
specification. Unless otherwise specified, apply the voltage o5+ 5~ proof Test—Other Required Isolations

a period of 3 s. , . .
33.3 Report—Report in accordance with 29.2.1. 37.1 Depending upon the complexity of the completed wire

33.4 Precision and Bias-The precision of this test has not °F cable constructions, product specifications may require that

been determined. No statement can be made about the biasYher electrical isolations be verified. As an example, dielectric
this voltage test (core-to-shield) since the result merely statgd€akdown testing of the jacket between the shield and armor

whether there is conformance to the criteria for succes&@ be required for a cable having an armor applied over a
specified in the product specification. shielded and jacketed core. All such testing shall be performed

in accordance with Section 32, with voltage appropriately

34. DC Proof Test—Core-to-Support Wire applied to the members under test. 3
34.1 This test is normally performed only for non-shielded 3722. Vqltage magnitude shall be as specified by the product
wire and cable. The test is performed in accordance With%pemflcatlon. Unless otherwise specified, apply the voltage for

Section 32 except that all conductors in the core are groupe% period of 3 s.

: : ; 37.3 Report—Report in accordance with 29.2.1.
together, and high voltage is applied between these conductors - . g .
and the grounded supporting messenger wire. 37.4 Precision and Bias-The precision of this test has not

34.2 \oltage magnitude shall be as specified by the prOdU(ij.leen determined. No statement can be made about the bias of
o : oo is voltage test (other required isolations) since the result
spemﬂc;tl?n. Unless otherwise specified, apply the voltage fomerely stgtes Whe(ther therg is conformancg to the criteria for
a period of 3 s. N e
34.3 Report—Report in accordance with 29.2.1. success specified in the product specification.
34.4 Precision and Bias-The precision of this test has not 38. Voltage Surge Test
been determined. No statement can be made about the bias of3g 1 \pltage surge testing may be required for qualification
this voltage test (core-to-support wire) since the result mere'¥)urposes on new or modified designs of telecommunications
states whether there is conformance to the criteria for succegSre and cable. Such testing is intended to simulate the effect
specified in the product specification. of lightning strikes. Two types of test shall normally be
. performed: wire-to-wire and core-to-shield.
35. DC Prpof Test_—Core—to—InternaTI Shield (Screen) _ 38.2 Select a reel of cable for the test. A25-pair 22 AWG
~ 35.1 This test is normally applied to all cables which caple is most commonly used for voltage surge testing. From
include an internal shield or screen. The test is performeghe selected reel, cut a sample length long enough to permit the
following the methods of Section 32 except that the conductorfecessary specimen preparation.
in the core are grouped together, and high voltage is applied 38.3 Unless otherwise specified, cut two specimen lengths

between these conductors and the grounded screen. from the sample, each specimen to be 10 ft (3 m) in length after
35.2 \oltage magnitude shall be as specified by the produghe end preparation.

specification. Unless otherwise specified, apply the voltage for

a ggrg)(geof 3ts_'R i d ith 29.2.1 torn or rough shield edges, unintentional knicks and cuts of insulation,
) epor eport in accordance wi T core wrap, shield, etc. Proper specimen preparation is critical to the

35.4 Precision and Bias-The precision of this test has not gyccess of this test.
been determined. No statement can be made about the bias 0f38 3.1 Remove approximately 18 in. (460 mm) of the outer
this voltage test (core-to-internal shield) since the result merelghea'th' (outer 'acke?%nd armo)r/ and i.nner jacket, if present)
states whether there is conformance to the criteria for SUCCe$S 1 each endl of each specimen J '
specified in the product specification. 38.3.2 Remove approximately 15 in. (380 mm) of shield

. ; . from each end of each specimen.
36. DC Proof Test—Internal Shield (Screen)-to-Shield 38.3.3 Remove approximately 8 in. (205 mm) of the core

36.1 This test is normally applied to all cables that include,y a5 4t each end of each specimen. Fasten the loose ends of
an internal shield or screen. The test is performed in accorzq e wrap with plastic insulating tape.

dance with Section 32 except that the conductors of the core 3g 3 4" Select pairs for testing at random. Unless otherwise
are left electrically floating and high voltage is applied betweer]ndicated, a minimum of three pairs and a maximum of 10 %

Note 5—Exercise care throughout the specimen preparation to avoid

the internal screen and the grounded cable shield. of the cable pairs (for large cables) shall be tested. For the
Note 4—This test applies only if the internal shield is intended to be cOre-to-shield test specimen, all pairs selected should be in the
electrically isolated from the outer shield. outer layer of the core.

13
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38.4 Conduct all testing in air as prescribed by Method 3.0
D 3426. Unless otherwise specified, only one test shall be
made for each type of test performed. 25

38.4.1 For the wire-to-wire test specimen, apply the speci-
fied voltage surge in succession between the wires of conduc-

tors of each selected pair. Examine an oscilloscope photograggh 20 /
[3V]

record for evidence of breakdown failure. o
38.4.2 For the core-to-shield test specimen, apply the specig 1.5

fied voltage surge in succession between each selected pair agd
the shield. Examine an oscilloscope photograph record fog 4

evidence of breakdown failure.

38.5 Report—Report in accordance with Section 46. _

38.6 Precision and Bias-The precision of this test has not 05 '
been determined. No statement can be made about the bias of
this voltage surge test since the result merely states whether 0.0 502 04 o6 08 1o 12 12 18 15 20

there is conformance to the criteria for success specified inthe ™ " Frequency (MH2)
product specification.

FIG. 6 Determining the Multiple of 2 = Radians to be Added to the
Phase Measurement
39. Phase Constant

39.1 The phase constant of a pair of conductors is a measujgherek = 0, by counting the number of +2to O traversals
of the phase shift incurred by the sinusoidal signal as itg gbtain the value fok.

propagates over the length of a pair. It is affected by the 39 4.2 petermining k Numerically-Acquire the phase in-
materials and geometry of the insulated conductors. Referringsrmation obtained with the network analyzer digitally by
to voltage designated in the top circuit of Fig. 4, the phasgneans of an interface with a digital computer as was done with

constant, is defined as: the points plotted in Fig. 6. Follow the data acquisition with a
B=L(Vip) — L(Vyy) + 27k (24)  program procedure which starts by establishing a starting slope
from several points in thé& = 0 (multiple of 2r) frequency
where: region. Let the program continue by examining each remaining
P v - .total phaS(Ia of tlhe. length c::‘ cable, rad,f point in succession. If the next point is not withi2 rad of the
M) = mpult angle relative to the same reference . .iin qys phase line being established, increrkemtil it is.
LV = gatgpﬁlc E?anndgle relative to the same reference This approach works even when intermediate valuek afe
1F angle, and passed over, once the correct starting slope is established.
K — multiple of 2 rad. 39.5 Length Functior-Use a procedure called the “length

function which is built into many network analyzers to obtain
Note 6—This measurement is normally performed at the same time athe total phase. This internal procedure subtracts the specified

attenuation (see Section 26). length, which can be expressed as seconds of delay (actually a
described in 25.2. delay and displays the remainder as a residual phase. The

39.3 Specimen MeasuremeniMeasure the phase constant displayed phase trace is conveniently kept within the O#o 2
using a sinusoidal signal generator and a phase meter. Equig;r alternately -r to +m) range over the whole frequency range
ment such as a network analyzer may be used. For balanc@ Supplying the appropriate length value to the analyzer.
pairs, the transmit and receive ports of the measurement 39-6 Report—Report in accordance with Section 47 and
instrument shall afford balanced voltages with respect tdnclude the following data: minimum, maximum, average and
ground and balanced currents (commonly accomplished with 8andard deviation.

transformer). Terminate pairs under test in their nominal 39.7 Precision and Bias-The precision of this test has not
characteristic impedance 1 %. been determined by round robin. No statement can be made

39.4 Determining k about the bias of this test for the phase constant since the result
39.4.1 Determining k by Examining Analyzer Disptay merely states_v_vhe;her there is conform_anc_e to the criteria for
Obtain the multiplierk, by interpreting the data acquired over Success specified in the product specification.
the range of frequencies as appropriate. The phase meter
network analyzer normally yields only the difference between%' Phase Delay
the first and second terms shown on the right hand side of Eq 40.1 Compute phase delay, from the Phase Constant as
24. Fig. 6 shows the total phase and the sawtooth represent@easured in accordance with Section 39, by means of:
tion obtained from a network analyzer. When a network B
analyzer is used, a trace of the phase constant cycling through T e
the 2w rad (360 degree) range is generally displayed on a CRT
display, facilitating the determination &€ A frequently used where:
technique in the interactive mode is to start at a low frequency’ — phase delay of cable length, s,

(25)
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phase constant from Section 39, rad, and nation is obtained with little additional measurement effort

radian frequency. when obtained concurrently with the attenuation measurement
Phase Delay (not the same as group delay) is a measure @focedure in 26.2.

the amount of time a simple sinusoidal signal is delayed when 42.1.1 Important Formulas—Characteristic Impedance can

propagating through the length of a pair or cable and, like thé€ stated in terms of the primary cable pair parameters as

Phase Constant, is affected by the materials and geometry &llows:

B

(O]

the insulated conductors. R+ joL

40.2 Repori—Report in accordance with Section 47 and %= \/GTjeC @7)
include the following data: minimum, maximum, average and
standard deviation. where:

t Zo = the complex characteristic impedande,and De-
grees,
the ac resistance of the pair lengfh,
the inductance of the pair length, H,
the conductance of the pair length, S,
the capacitance of the pair length, F, and
_ ® radian frequency, rad/s.
41. Phase Velocity 42.1.1.1 The propagation constant can be stated in terms of
41.1 Compute phase velociiy, from the Phase Constant, as the same primary cable pair parameters as follows:
measured in accordance with Section 39 by means of:

40.3 Precision and Bias-The precision of this test has no
been determined by round robin. No statement can be mad
about the bias of this test for phase delay since the resul
merely states whether there is conformance to the criteria forG
success specified in the product specification. c

v =R+ jol)(G + juO) (28)
w
V=g (26)  where:
v = the complex propagation constant of the length, nepers

where: and radians.

v = phase velocity, distance/s, 42.1.1.2 The propagation constant can also be stated in
o = radian frequency, rad/s, and terms of the attenuation measured in accordance with Section
B = phase constant.

X ) ] 26 and the phase constant measured in accordance with Section
Phase velocity (reciprocal of phase delay) is a measure of thgg 55 follows:

velocity with which a sinusoidal signal propagates through a

cable. y=atip (29)
41.2 Phase velocity is normally reported in unit of length \where:

per unit of time such as m/s. a = the real part, attenuation of the length, nepers, and
41.3 Phase velocity is sometimes reported as a ratio cong = the imaginary part, the phase constant for the length,

sisting of the phase velocity from 41.2 divided by the velocity rad.

gf;;%ht In a_va%ug; 0. It :js tplenhref\orte_d,_for_example, QS Note 7—It will be noted that the natural unit of attenuation, neper, is
. , meaning 0. speed of light. A variation Is to report it equal to 8.686 dB.

as a percentage such as, 71 %.

41.4 Report—Report in accordance with Section 47 an
include the following data: minimum, maximum, average an
standard deviation.

d 42.1.2 Applicable Formula—From Eq 27, Eq 28 and Eq 29
qt follows that characteristic impedance can be stated in terms
of the propagation constant and the shunt primary constants

41.5 Precision and Bias-The precision of this test has not since:
been determined by round robin. No statement can be made Zy= 2 +ip (30)
about the bias of this test for phase velocity since the result G+ joC
merely states whether there is conformance to the criteria for 42.1.3 Delay Capacitance ProcedureMeasure the three
success specified in the product specification. quantities, capacitance, attenuation, and the phase constant,
according to Sections 18, 26 and 39. Estimate the fourth
42. Characteristic Impedance—METHOD 1 quantity, conductance, which is relatively small compared to

42.1 Characteristic Impedance from the Propagation Con-@C (in the range of 0.01 % to 3 % depending on dielectric
stant and Capacitanee-Characteristic impedance for many auality). The value of the characteristic impedance is mini-
cable designs can readily be obtained using the propagatidﬁa”y affected by an incorrect estimate®f For instance, if it
constant, consisting of the real attenuation and the imaginary assumed thaB/o = 0.0 when in factGl/w = 0.03 thenZ,
phase constant, and the pair capacitance. The magnitude of thél be too large by a mere 0.05 %. _
characteristic impedance simplifies to being a function of the 42.1.3.1 When only the reactive portions of Eq 27 are
delay and capacitance at high frequencies. This method @&dnificant, a simpler version of Eq 30, shown here as Eq 31
relatively easy to use for cables with non-polar dielectrics(the delay-capacitance formula) may be used:
where an easily obtained low frequency capacitance value (See T
Section 18 for mutual capacitance) is valid over a broad range %l=7 (1)
of frequencies. The additional phase constant information

required for this method of characteristic impedance determi-Where:
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|Z] = the magnitude of the characteristic impedarfde, Eq 33 indicates that the input impedance is substantially
T = the delay, s, and equal to the characteristic impedance if the load impedance is
C = the capacitance, F. nearly equal to the characteristic impedance, or if the length is

42.1.4 Report—Report in accordance with Section 46 and such that loss is considerable, in which case tamhclose to
include the following data: minimum, maximum, average andunity. Around trip loss of 20 dB and a 15 % difference between
standard deviation. the load impedance and pair impedance causes the terminated

42.1.5 Precision and Bias-The precision of this test has impedance to differ from the characteristic impedance by 1.4 %
not been determined by round robin. No statement can be madé Most. A round trip loss of only 12 dB and 15 % impedance
about the bias of this test for characteristic impedance since trdifference causes the reading to differ frafy by, at most,
result merely states whether there is conformance to the criterf&5 %

for success specified in the product specification. 43.3 Procedure for Method 2, Options 1 and 2—Obtaining
the Input Impedanee-Much of the equipment used in the
43. Characteristic Impedance—METHOD measurement procedure is the same for the open and short
2—Characteristic Impedance Obtained from Single circuit approach as for the terminated approach.
Ended Measurements: 43.3.1 Equipment Required-The equipment required for

43.1 Option 1—Open and Short Circuit Measurements the input impedance measurement procedure consist af (
The open circuit and short circuit measurements have tradi€twork analyzer with ars-parameter accessory)(calibra-
tionally been employed to obtain the characteristic inpedancéon load with the appropriate nominal impedance value (for
of a cable pair (either coaxial or balanced). The basis for thi$stance, 100Q2) with a 1% tolerance, 3) an impedance

measurement approach is the following: matching transformer for converting from unbalanced to bal-
2= \ZZ 32) anced impedances (for instance, 50:1D0r 50:15002) with a
c suitable frequency range4)(appropriate test leads, anf) @
where: plotter for hard copy output. In addition, if data is being
Z, = the complex characteristic impedanée, acquired digitally for subsequent processing), & computer
Z,. = the complex open circuit impedand®@, and with an interface card and appropriate data acquisition software
Z,. = the complex short circuit impedanc@, is required.

In the ideal sense, Eq 32 applies for frequencies and cable 43.3.1.1 Alternate Measurement EquipmeatA vector im-
pair lengths varying from a fraction of a wavelength to multiple pedance meter can be substituted for the network analyzer and
wavelengths. Measurements for balanced pairs must be mad@parameter accessory. A matching transformer may still be
under balanced voltage and current conditions. Accurate chapecessary to achieve a balanced impedance measurement.
acteristic impedance values can be reported directly as conkquipment setup and calibration procedures will vary accord-
puted from Eq 32 for lines where structural effects areing to actual configuration being used.

negligible. 43.3.2 Specimen Preparation

43.1.1 For electrically long lines (morg t.ha/ﬂ pf a wave- 43.3.2.1Choosing a Specimen LengSelect a specimen
length) the presence of structural variation influences thg,,o, vepresentative of the intended application, taking into
impedance observed at the measurement end considerably §q.gjqeration the shipping lengths, the loss at the highest
thf"‘t ItIs not the actual, but rather an input |mpeda_mz%. For easurement frequencies (in the 300 to 1100 ft range for cable
this situation, least squares function fitting techniques covere tended for Local Area Network (LAN) application) and the
in Section 44 can be used to extract the characteristic impeqlc—)W frequency round trip loss which needs to be at least 12 to

ance from the input impedarlce. 20 dB depending on accuracy desired (terminated impedance
43.2 Option 2—Terminated Input Impedance heasurements only).

Measurements-A single terminated impedance measurement . .
is an attractive alternative to the dual open and short circuit 43.3.2.2preparing the Ends-Remove appropriate lengths

measurement procedure in that the resultant input impedancoé Jac_ket and insulation from b.Oth _ends of the specimen
nsuring that the exposed portion is short compared to a

can be viewed directly on an instrument such as a networf
analyzer. The value of the load impedance does influence th\gcket 2in. of shield. 0.75 in. of insulation for measurements
input impedance value at low frequencies and for short lengt @xtending to 100 MH2).

where cable loss is small. For the smooth line, this measure= o )
ment is governed by the following equation: 43.3.2.3Far End Terminatior-Terminate the far end of the

2, + Z, tanhy cable pairs with the appropriate load resistors (applicable only
Zn = Zoﬁ (33) to terminated measurement procedure). For the open and short
- circuit method the corresponding condition must be supplied

avelength at the highest frequencies (no more than 2.5 in. of

the propagation constant, nepers and radians, and
length of the pair.

where: for each measurement.

Zj, = inputimpedance(), 43.3.2.4Laying Out the SpecimerEvenly suspend the

Z, = characteristic impedance), cable away from any ground surfaces so that the multiple
Z_ = the load impedancd}, traversals are separated by at least 1 in. and supported

frequently to minimize tension to the cable core (applicable to
unshielded cables only).
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43.3.3 Equipment Set-Up-( 1) Establish proper connec- 44. Characteristic Imnpedance—METHOD 3

tions between network analyzer and aparameteraccessory, 44.1 Least Squares Function Fit of Impedance Magnitude
(2) aIIov_v proper equipment warm up time3)(connect the 54 Angle—Least squares function fitting consistently works
appropriate impedance matching transformer to the test porhegt \yhen the open and short circuit impedance data scans
(4) connect the plott.er to the network analyzer (if apphcable),begm at a frequency sufficiently low so as to include frequen-
and (5) connect the interface on network analyzer to computegieg \yhere the cable length is shorter than a quarter wave-
interface card and load the acquisition program (if applicable)jenqgth This approach, which allows averaging over the entire
_43.3.4 Equipment Calibratioa-( 1) Set frequency resolu- cape |ength at low frequencies, stabilizes the coefficients of
tion of the network analyzer to a minimum of 100 points per e jmpedance like function in a manner representative of the
decade (Note: Higher resolution is desired for best resultsicy,a| characteristic impedance function being sought. This
accuracy), %) choose the log frequency sweep mode instead of5y suggest starting the measurement scan at a frequency
the linear sweep mode if data is being acquired by th§,yer than the range being addressed by a given performance
computer for sut_)sequent fitting Wl_th an impedance _func_:t|on 1%tandard (<0.3 MHz for a typical 500 ft cable length). Input
achieve appropriate low versus high frequency weightiB, ( jmpedance smoothness, which is ensured over this portion of
perform the three step one-port calibration of the analyzefhe frequency range, contributes to achieving a good overall
using open/short/terminated connections at the end of the lea@i$nction fit. Acquiring single terminated impedance scans

on the secondary (balanced_) side of t_he transformer to deteg&, mewhat compromises the possibility of the low frequency
mine the normalized reflection coefficient scan, and) et  nortion of the data being smooth when the termination is
proper scales (linear vertical) and sweep time (minimum 10 S)jiierent from the cable impedance and the round trip attenu-
See the Annex for calibration equations to be used withyion s minimal. Good fit (where fit resembles a theoretical
calibration data obtained from network analyzers lacking such,5racteristic impedance curve of a smooth pair) results are

computation capability internally. _ __ possible with terminated scans provided the roughness is
43.3.5 Specimen MeasuremerConnect twisted pair (with  \1,0derate in at least a portion of the frequency range.

far end appropriately terminated in a load resistor for Option 2, 44.1.1 Fitting the Input Impedance MagnitudeFor un-
or if Option 1 (open/short measurements are being made) thel} e e twisted pair cable and for twisted pair cable with an

open or short circuit terminations) to an impedance matchin vershield, calculate a least squares curve fZ tg based on
transformer and sweep across the desired frequency range. T, following equation:

shields or other pairs, or both, may optionally be grounded to

the center tap of the transformer secondary. IZo] = Ko + K Ka
43.3.5.1 For On-analyzer Evaluation of Terminated Imped- frrz ¥

ance MeasurementsPlot results on plotter for a hardcopy of )

results. Alternately, for subsequent function fitting and struc—véhere'

tural return loss (SRL) determination, acquire the terminated| ol

input impedance results digitally by means of computer andf frequency, Hz, and

appropriate software. In many network analyzers, conversiory g least squéresl fit coefficients as indi-

from the measured reflection coefficiest,,, to impedanceis ~ ° = 2 3 cated in Eq 35

done automatically by routines included with the analyzer '

controller using the formula:

K3
f3/2

(35)

the magnitude of the characteristic im-
pedance(?,

Calculate the fit coefficients using the formula:

1+s N N1 oMo K,
Zo=Z1—s. (34) =, 12l N2 R ’
where: Nz No1oN1 M1 M K,
Z;, = the complex input impedance) ,:21\/7, ,:El_f,. 247 ,zlﬁ,gi
. = load resistance used during calibratiéh, and - x (36)
s1; = the complex measured reflection coefficient. & |2l clgn 1 g1 o1 Kz
e Z 7 Z ,{21:1 372 Z 2,2 52
43.3.5.2 For Open and Short Data Acquisition Procedure = =l 75 =17 =,
Use the computer to acquire the two data scans (both real and
. . . Nz N1l N 1M1 K
imaginary components, or the magnitude and angle of the 3 Swminms 3
impedance for each scan). Use Eq 34 to convert from ’ ’ ’ Y

Sparameter to the open and short circuit impedances and
compute input impedance using Eq 32. where all summations are performed oWedata points.

43.4 Report—Report in accordance with Section 47 and 44.1.1.1Log Spaced Data-Acquire data points that are
include the following data: minimum, maximum, average andequally spaced on a log frequency scale when possible. Most
standard deviation. network analyzers offer this type of sweep. Convert the data

43.5 Precision and Bias-The precision of this test has not being fitted to log spacing by interpolation when it is equally
been determined by round robin. No statement can be madpaced on a linear frequency scale, or usengighting (this
about the bias of this test for the characteristic impedance sinaeeans weighting a 10 MHz data point by 0.1 whee 1 MHz
the result merely states whether there is conformance to th#ata point is weighted by 1) in performing the summations to
criteria for success specified in the product specification.  simulate log frequency spaced data points. The 4th order
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system of equations and unknowns (Eq ) is solved by the zee
computer, using determinants or matrix inversion techniques.
44.1.1.2 Fitting With Fewer Terms-Use fewer terms, such
as two or three, when the data spans only one or two decades
of frequency. While a four term fit is indicated by Eq 35 and Eq
, in some cases fewer terms may suffice. Just accompanying the [N
inductance variation of a cable pair with frequency, calls forg \\\ :
the first two terms of Eq 35 when the starting frequency is in® 1ee w
the vicinity of 0.5 MHz. If the capacitance is changing with 8
frequency as it does when polar dielectric material is presené
two more terms are generally justified.
44.1.1.3Four Criteria Indicating Use of Fewer Terms
Check or have the computer program determine if the fitted "
function obtained by solving Eq meets the following set of four e
criteria: (1) the fitte_d function, except v_vhen it is only a se.J‘lB!H
constant, has negative slope for frequencies below 3 M2z, ( 05 .1 i ¢ ra
the 10 MHz fitted Yalue is within the |mpedance.range of¥5 FIG. 7 Unshielded Twisted Pair Input Impedance Data Fitted with
to -2 O of the high frequency asymptote (fitted constant Impedance Function
value), @) the area under the fitted function supplied by the
frequency dependent terms on a log frequency basis, exclusive ) )
of the constant area, is positive (constant component is nérably because of structural effects at high frequencies. The
above the data), andi)the sum of the negative areas (thosefour fit coefﬁuents and the root mean square of the. deV|e}t|ons
due to negative coefficients) is less than the total area due to tiPout the fit appear in the lower left hand corner with units in
frequency dependent terms. If all four criteria are not met, thé@hms. The fitted results for a few round number frequencies
number of terms in the function (Eq 35) must be reduced byPpear across the bottom of the plot. _

wider range of frequencies and generally resulting in a better filn Alternate Functioa-Fit input impedance traces for rela-
must be obtained and fitted. tively smooth pairs such as those with individual shields with

S _ ~a polynomial consisting of log frequency terms. Individually
Nore 8—A symptom indicating that too many terms are being used isfoj| shielded pairs exhibit several asymptotic regions. One
that the resultant function fit is over responsive. It may exhibit unusual “E’elatively high impedance region typically starts to develop

or down swings at either end of the frequency range. The desired fit nee s'th increase in frequency in the range of frequencies where
to exhibit the properties of a smooth pair of the same design. The fit forV!th | ! qu y g qu 1es w

impedance magnitude should have a monotonic downward behavior witf€ shield is electrically thin. A second lower impedance region
increasing frequency and become asymptotic at very high frequencie§levelops at higher frequencies where the shield becomes
Dropping the last term from Eq 35 amounts to deleting the fourth row ancelectrically thick. These pairs can not be fitted well over a
column from Eq , etc. A four term fit works well when the data spans abroad range of frequencies using Eq 35 of 44.1.1 but respond
three plus decade range extending from 0.05 MHz to 100 MHz with aye|l to a polynomial fit employing a series of lof) erms as
fairly smooth trace in the lowest decade. One term, representing only thﬁ] icated in Eq 36. A six term function (an obvious extension
average over a narrow measurement frequency range (perhaps a decadttaqEq using log te'rms) fits such an impedance characteristic

in the asymptotic frequency region, may suffice when SRL estimates ar@ .
being sought with minimal computing effort. well over a three to four decade frequency range extending

Note 9—The use of fewer terms leading to a reduced computing effort/fom 50 kHz upward without over-responding to local struc-
should not be a consideration with computing capabilities now availabletural fluctuations. A word of caution is that a six term function
Use of too few terms will compromise the fitted result and possiblyof this form will tend to be over responsive when the input
jeopardize obtaining a favorable SRL result in portions of the frequencimpedance is rough.
range. From a computational standpoint, the program subroutine doing the
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calculations for Eq can readily be written in such a way as to allow |20l = Ko + K log (f) + K, log?(f) + -+ K 5log®(f) (36)
choosing of the number of terms required for a given cable type and
frequency range. where: . o
|Z o = the magnitude of the characteristic imped-
44.1.1.4 Compute and Plot Fitted Results Compute val- ance,(),
ues for the magnitude of the characteristic impedan@|,| f = frequency, Hz, and
according to coefficients obtained from the fit at the desiredK,, K, --- K, = least squares fit coefficients as indicated in
frequencies and plot the results or tabulate the fitted results, or Eq 36.
both, at specification frequencies as desired. Calculate the fit coefficients using a formula similar to Eq .

44.1.1.5 Sample Result with Function Fitting Approaeh 44.1.1.7 Report—Report in accordance with Section 47 and
Fig. 7 shows a typical result for the function fitting procedureinclude the following data: minimum, maximum, average and
where 401 equally spaced points with log frequency spacingtandard deviation.
have been least squares fitted using Eq 35. This example shows44.1.1.8 Precision and Bias-The precision of this test has
a fit good to within an Ohm or two at the low frequency end, not been determined by round robin. No statement can be made
and passes through the “middle” of data that oscillates consichbout the bias of this fit for the characteristic impedance
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magnitude since the result merely states whether there BRL basis. However, on an individual pair basis, computing return loss

Conformance to the Criteria for success Specified in the produdﬁstead of SRL can result in either favorable or unfavorable treatment
specification depending on the direction of the major impedance deviations and where

L the smooth characteristic impedance lies relative to the reference. The RL
44.2 Fitting the Angle of Input Impedance (useful Whenapproach is a handy alternative only when the pairs pass SRL with

characteristic impedance needs to be specified as a complegnsigerable margin.
guantity) —Fit the angle of the input impedance using an .
equation containing the same powers of frequency as thos 45.2 Obtaining the Structural Return LossCalculate the

being used for the magnitude of the characteristic impedanc RL fqr cable pairs, whqse characteristic impedance varies
discussed under 44.1.1. appreciably over the desired measurement range, from the

input impedance values and fitted impedance function by

1Zy= L+ 1‘/12 4 %2 T 3'-/32 @7)  means of the formula:
f f

-2

Z
SRL= —20 log,, |5 (38)
where: 0lZ.+Z,
LZ, = the angle of the characteristic imped- \ynere:
ance, rad, SRL = Structural Return Loss, dB,
f = frequency, Hz, and Z, = Input Impedance (complex§}, and
Lo, Ly, Ly, Ly = least squares fit coefficients for angle. = Fitted Impedance (complexj).

The coefficients for the impedance angle can be calculated _ _ _
by using the same matrix equation solution procedure as that Note 12—On the other hand, using only the magnitude for the fitted

: i sults is reasonable when the frequency range starts at a high enough
used for the magnitude of the characteristic impedance. F>I(ﬁl?alue to result in the fitted angle being within a few degrees of 0.

the results as desired. Perform the indicated calculation using a computer (such as the one

NoTe 10—This procedure is necessary only if the angle of the characUsed to acquire the data) and plot the results, checking for conformance to

teristic impedance is of interest or if structural return loss (SRL), see 43.1t"€ appropriate standard over the entire frequency range. It is important to

is being calculated at frequencies low enough to result in a significan’f_‘me that E_q 38 inyolves complex vaI_ues for the input impedance and_the
angle ¢ <10 degrees). fitted function. Using only the magnitude for the input impedance will

. ) result in favorable SRL results since impedance deviations in the
44.2.1 Fitting the Angle of Input Impedance with an Alter- imaginary direction, which are equally strong as those in the real direction,
nate Functior—Use a function of the same form as Eq 36 to fit will be overlooked.
the impedance angle for pairs of the type d'|scusse'd in42.3.1.5. 452 1 Typical SRL ReswitThe SRL result obtained from
~ 44.2.2 Report—Report in accordance with Section 47 and yhe yse of Eq 38 is shown in Fig. 8 for the same cable pair
include the following data: minimum, maximum, average andconsidered in Fig. 7. This SRL trace shows a decreasing trend
standard deviation. with frequency extending over three decades. A straight line

44.2.3 Precision and Bias-The precision of this test has | 55 peen fitted to the trace to quantify its reference level and
not been determined by round robin. No statement can be madg,ynward trend with frequency. It indicatea 1 MHz SRL

about the bias of this fit for the characteristic impedance anglg; e of 41.8 dB and a downward slope of about 10.1

since the result merely states whether there is conformance {h/4ecade for this example. Worst values of SRL are as much

the criteria for success specified in the product specification.;5 12 4B worse than the fitted line at select frequencies in this
example.

45. Structural Return Loss (SRL) and Return Loss (RL) 45.3 Obtaining the Return LossUse the appropriate net-

45.1 Structural return loss (SRL) is obtained from inputwork analyzer function to obtain the RL. The RL may be an
impedance (square root of open/short impedances). Return loss

(RL) is obtained from a terminated impedance scan. The two e l ’ I !
measures of pair roughness differ in that SRL compares the 1Mz Slope
input impedance obtained from open and short scans with the ot
characteristic impedance while RL compares the terminated
impedance with the nominal or load impedance of the pairs (for \
instance, 10d}). Separate characteristic impedance and SRL  efjif
specifications are often the preferred method of specification W\,
because the two effects are more clearly separated. The RE 1
approach is sometimes preferable from a measurement stang-
point because it does not require function fitting of the input \J No\ LM
impedance but uses the load impedance as the reference value, * YT Ww-
allowing the determination to be accomplished on board the

network analyzer, on a stand-alone basis in many instances. In
general, a return loss result is less tolerant of roughness than
the SRL result since it is sensitive to how well the character-

istic impedance is centered about the load impedance. %% 1

N

1
5 S~
=~
w—_ry

1 10 160
FREQUEMCY (MHz)

Note 11—When many pairs are considered it is generally true that FIG. 8 Typical SRL Trace Computed from Input Impedance Data
pairs that pass an SRL requirement on an RL basis will also pass on an and Characteristic Impedance
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attractive alternative to SRL when it is desirable to evaluate 46.2.1 Choosing a Specimen LengH#S8elect a specimen
structural effects on the network analyzer without using datdength representative of the intended application (such as 328
acquisition procedures. For pairs whose high frequency chaft for horizontal LAN wiring), taking into consideration the
acteristic impedance is close to the nominal or load valueshipping lengths and the loss at the highest measurement
impedance, the return loss is virtually the same as SRL. Th&equencies

return loss for a pair is defined as: 46.2.2 Preparing the Ends-Remove appropriate lengths of
-2, jacket and insulation from all pairs at both ends of the
RL=—20logol7z 571 (39)  specimen to allow connection to the transformers and termi-
nations.
where: 46.2.3 Terminations— Terminate the cable pair being tested
RL = Return Loss, dB, at the near and far ends so as to simultaneously minimize
Zr = Terminated Impedance (complex), and reflections for both the differential and common mode. The

N
i\
|

Calibration Load ). nominal differential mode impedance of a multibar cable pair
Calculate the RL either on board the network analyzer okg generally a well known design parameter. The common

using the computer that was used to acquire the data, and plgigqe impedance of the pair is heavily influenced by the

the results, checking for conformance to the appropriaig,,mper of nearby pairs and an overshield if present. The
standard over the entire frequency range. Plots of RL will Not.5mymon mode impedance of pairs in many 4 pair unshielded
exhibit the consistent downward trend such as that apparent Wvisted pair (UTP) designs is approximately 75 Ohms when the
Fig. 8 over such a broad frequency range. They will onlygifferential impedance is 100 Ohms. This value can be arrived
gxh|blt this property for frequgnues where the pharactensuglt by considering the ratio of direct-to-mate capacitance to
impedance is centered and is close to the high frequencyirect-to-ground capacitance as defined by Fig. 1. The common
asymptote. _ _ _ mode impedance of other designs can be higher or lower
_ 45.4 Report—Report in accordance with Section 46 and yenending on the number of other pairs nearby the pair under
include the following data: minimum, maximum, average andiest and the position of a shield, if present. Individually
standard deviation. o _ shielded pairs with a 100 Ohm differential impedance may
45.5 Precision and Bias-The precision of this test has not j,5ve a common mode impedance as low as 25 Ohms. Use of
been determined by round robin. No statement can be madg,nroper differential and common mode terminating imped-
about the bias of this test for the SRL or RL since the resultnceg results in possible mixing of LCL and reflected LCTL for
merely states whether there is conformance to the criteria fof,siance. This is similar to the mixing of NEXT and reflected
success specified in the product specification. FEXT that results from wrongly terminating crosstalk mea-
N . surement circuits.
46. Il:gr?gi'ttug.'nall gonverspn _'I:OSS f(LCLL) an?_CTL 46.2.4 Laying Out the SpecimenEvenly suspend the cable
gitudinal Conversion Transfer Loss ( ) away from any ground surfaces so that the multiple traversals
These measurements represent conversion from the longitdre separated by at least 1 in. and supported frequently to
dinal or common mode to the differential mode. LCL consistsminimize tension to the cable core (applicable to unshielded
of the ratio of the differential signal received at the transmit enctable only).
to the common mode signal applied at the transmit end. LCTL 46.3 Equipment Set-Up-Set up the equipment in accor-
consists of the differential signal received at the end oppositgance with Fig. 9 for LCL and Fig. 8 for LCTL. Generally, the
from the transmit end to the common mode signal applied arimary side of the transformer presents an impedance that is
the transmit end. It will be noted that while the procedurerelated to the differential side (secondary) by the square of the
discussed here depicts common mode at the transmit port of thgrns ratio (for instance, 50 Ohms for a 50 to 100 Ohm
measurement instrument and differential mode at the receivgansformer). The common mode port of the transformer
end the measurement circuit is actually reciprocal with th%resents the common mode impedance of the pair under test
same port impedance at both ends. (for instance, 75 Ohms). In Fig. 9 and Fig. 10 a matching pad
46.1 Equipment Requireg-Equipment required consists of s used to convert from the 75 Ohm common mode impedance

(1) a network analyzer of appropriate frequency range withof 4-pair UTP to the 50 Ohm equipment impedance so as to
appropriate transmit and receive port impedance (for instancgiinimize reflections.

50 Ohms), (2) transformers, with a center tap on the secondary
winding, to convert the network analyzer impedance to the
nominal differential mode impedance (for instance 50 to 100
Ohms) of the cable pairs, (3) passive termination for the cable
pairs capable of supplying both the appropriate differential and
common mode terminations, and (4) a 50 to 75 Ohm minimum
loss pad. The bandpass of the transformers shall be appropriate 50:100Q Balun
for the frequency range of the measurements. The balance

To 500 Analyzer Input 100Q2 Cable Pair Under Test

500

requirements for the transformers are to be better than the Mg Pad
anticipated performance of the cable pairs being measured by Zfarl*; o0 500
15 to 20 dB. Source Other Pairs and/cr Shield

46.2 Specimen Preparation FIG. 9 Longitudinal Conversion Loss (LCL) Circuit
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1000 Cable Pair Under Test  To 50Q Analyzer Input correction has been made for the combination of the differen-
o0 tial mode loss and the common mode loss that is a part of this
measurement.

46.7 Report—Report in accordance with Section 47.

46.8 Precision and Bias-The precision of this test has not
been determined by round robin. No statement can be made
about the bias of this test for LCL or LCTL since the result

50:100Q Balun 50:100Q Balun

5001750 750

Erom 500 Matching Pad merely states there is no conformance to the criteria for success
Analyzer _ , specified in the product specification.
Source Other Pairs and/or Shield

FIG. 10 Longitudinal Conversion Transfer Loss (LCTL) Circuit 47. Report

47.1 Unless otherwise specified, record the test results of the
wire or cable electrical characteristics, with identifying units,
46.4 Number of Swept Frequency PoirtSet the frequency on a report form that includes the following:
mode preferably to linear mode and to a sufficient number of 47.1.1 Identification of the wire or cable sampled and tested

points to allow detailing of the structure (400 points Whenby pair count, gage, sheath type, reel number, |ength, air core,
several decades of frequency are to be covered). The number &f filled core, etc.,

measurement points required for LCL is similar to that needed 47.1.2 Date of testing,
for NEXT or input impedance of the same length and maxi- 47.1.3 Location of testing laboratory and the person respon-
mum frequency, where structure is generally present. Fogjple for the testing,
LCTL the considerations are similar to those for FEXT where 47.1.4 Remarks indicating method or procedure used and
interference patterns can result from mode delay differencesthe deviation, if any, from the standard procedure, and

46.5 Equipment Calibration-Calibrate the equipment ar-  47.1.5 Indication of the variance in test measurements such
rangement by placing a short coaxial between the transmit angs minimum, maximum, average standard deviation €nvi-
receive ports of the network analyzer and doing a simplgonmental conditions, etc.
calibration. Measurements are further corrected by subtracting 47.2 Report test results as calculated or observed values
a correction loss pertaining to the turns ratio loss of therounded to the nearest unit in the last right hand place of figures
transformer (3.6 dB for 50 to 100 Ohm transformers asysed in the wire or cable specification to express the limiting

indicated by the manufaCtUrer) and by the loss of the minimurﬂ/aiue_ (See the rounding method of Practice E 29)
loss impedance matching pad (5.7 dB for 50 to 75 Ohm pad)

for a total of 9.3 dB. 48. Keywords

46.6 Specimen MeasuremenMeasure the pair under test  48.1 attenuation; capacitance deviation; capacitance differ-
by connecting the ends of the pairs and shield, if any, to th@nce; capacitance unbalance; characteristic impedance; coaxial
measurement equipment in accordance with Fig. 9 or Fig. 10 asapacitance; conductor resistance; conductor resistance unbal-
applicable. Aquire the data as desired, graphically or byance; continuity; crosses; crosstalk loss—far end; crosstalk
transferring to a personal computer by way of an interface. Théoss—near end; dc proof test; fault rate test; insulation defect;
swept loss for LCL or LCTL is corrected by the loss value insulation resistance; jacket voltage breakdown; mutual capaci-
indicated in 46.5. Minimum margin to a performance specifi-tance; mutual conductance; phase constant; phase delay; phase
cation is also calculated on an individual pair basis. It shouldrelocity; shorts test; spark test; structural return loss; voltage
be noted that the LCTL is an input to output quantity where nosurge test

ANNEX
(Mandatory Information)

Al. CALIBRATION PROCEDURE FOR CHARACTERISTIC IMPEDANCE AND SRL DATA ACQUISITION

Al.1 S-Parameter Calibration of Network Analyzer Whenterminated in a calibration resistor, making use of the following
Internal Calibration is Not Available-Extension of the point three equations with all the variables having complex values:
of calibration from the coaxias-Parameter port to the end of s, — S
the matching pad (coaxial case) or to the connection point on =S, +T (AL.1)
the balanced secondary side of the impedance matching
transformer (balanced pair case) is readily accomplished withvhere: .

a three step calibration procedure. For either coaxial measure311 = the calibrated s-parameter resullt,
ments or balanced pairs, separate measurement scans are m = the measured s-parameter value,
with the point of connection open circuited, short circuited and =t the terminated calibration value,
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T = the Eq Al.2 calibration term, and where:
S = the Eq Al.3 calibration term. S, = calibration value from open circuit calibration scan,
The equation foIT is defined as: S.s = calibration value from short circuit calibration scan,
and
2s —-S + - . . . .
T= CSSC"S j‘(;“ S (A1.2) sy = calibration value from terminated calibration scan.
cs 0
The calculations involved in the 3-step calibration procedure
Wher‘i: ibrati e f euit calibrat above are accomplished as an internal procedure on many
S = calibration value from open circuit calibration scan, poyyork analyzers. Where this is not the case, the values from
S.s = calibration value from short circuit calibration scan, h h d : d be obtained with
and the open, short and terminated scans can be obtained with a
s, = calibration value from terminated calibration scan, 9ata acquisition program similar to the one being used to
The equation foSis defined as: acquire the open and short or terminated data, and stored at the
) beginning of the data file so as to be available for subsequent
S— SHSC%SS:SCO (AL3)  processing of actual measurements.
S (o]

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
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