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1

Scope

P

This part of IEC 61 238 appl ies to compression
and mechanical connectors for power cables

for rated vol tagesup to L kV (Um =1, 2 kV),
for example buried cables or cables instal led in
bui Id ings, having

a) conductors complying wi th IEC 60228 having
nominal cross-sectional areas between

2, 5mm2 and 1 200 mm2 for copper and between
16 mm2 and 1 200 mm?2 for aluminium;

b) a maximum continuous conductor temperature
not exceeding 90 T.

This document is not appl icable to connectors for
overhead | ine cond uctors nor to connectors

wi th a sl iding contact.

The object of this document is to define the type
test methods and requi rements which appl y

to compression and mechanical connectors for
power cables wi th copper or aluminium

cond uctors. The reference method is to perform
the tests on unused conductors.

P

Normative references

The fol lowing documents are referred to in the
text in such a way that some or al | of thei r
content consti tutes requi rements of this
document. For dated references, onl y the edi tion
ci ted appl ies. For undated references, the latest
ed i tion of the referenced document (includ ing
an y amendments) appl ies.

Terms and defini tions

For the purposes of this document, the terms and
defini tions given in IEC 60050-461 and the

fol lowing appl y.

ISO and IEC maintain terminological databases
for use in standardization at the fol lowing
addresses:

* |EC Electroped ia: avai lable at http: //www.
electropedia.org/

* ISO Onl ine browsing platform: avai lable at
http: //www. iso.org/obp

Symbols
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A nominal cross-sectional area of the conductor P
D change in the resistance factor of the connector
I direct current flowing through a connection during resistance measurement
Igms equivalent RMS short-circuit current
Iy alternating current necessary to maintain the reference conductor at its
equilibrium temperature
I direct current flowing through the reference conductor/conductors during
resistance measurement
k connector resistance factor: ratio of the resistance of a connector to that of the
resistance of the equivalent length of the reference conductor
kg initial connector resistance factor: ratio of the resistance of a connector to that of
the resistance of the equivalent length of the reference conductor at cycle no. 0
Iy, g 1 lengths of each connector assembly associated with the measurement positions
in the test setup after installation
I length of the reference conductor between measurement positions
R measured resistance value of connector/conductor installation under an electrical test
corrected to 20 °C
¢ measured resistance value of the reference conductor corrected to 20 °C
RJ- length related calculated resistance value of a connector under an electrical test
corrected to 20 °C
f heating time
Is time necessary for the connectors and the reference conductor to cool to a value
equal to or less than 35 °C
U potential difference between measurement positions while current 7 is applied
U, potential difference between measurement positions on a reference conductor
while current 7, is applied
o temperature coefficient of resistance at 20 °C
Jij mean scatter of the connector resistance factors
o initial scatter of the connector resistance factors
A resistance factor ratio: the actual resistance factor of the connector at each
measurement stage divided by its initial resistance factor
g temperature of a connector
max maximum temperature recorded on a connector over the total period of test
during heat cycling
b temperature of the reference conductor determined in the first heat cycle
Bt temperature of the related reference conductor at the moment of measuring
'gmax
5 |General P
5.1 |Defini tion of classes P
Al though i t is not possible to define precisel y P

the service condi tions for al | appl ications, the
fol lowing requi rements have been identi fied.
a) Electrical requi rements:

Class A

These are connectors intended for electrici ty
distribution or ind ustrial networks in which

they can be subjected to short-ci rcui ts of
relativel y high intensi ty and duration. As a
consequence, Class A connectors are sui table for
the majori ty of appl ications.

Class B

These are connectors for networks in which
overloads or short-ci rcui ts are rapidl y cleared
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by the instal led protective devices, for example
fast-acting fuses.
b) Mechanical requi rements:
Class 0
Connectors subjected to practical | y no
mechanical pul | -out force. These are for
example,
connectors inside swi tchgear where the cable or
conductors are secured or anchored.
Class 1
Connectors subjected to a mechanical pul | -out
force related to the conductor nominal
cross-sectional area and material (according to
Table 4) but | imi ted to a 20 kN pul I -out
force. These are for example connectors for
underground cable joints.
Class 2
Connectors subjected to a mechanical pul | -out
force above 20 kN and related to the
cond uctor nominal cross-sectional area and
material (according to Table 4). This Class 2
is onl y appl icable to conductor nominal
cross-sectional areas = 400 mm2 for copper
and= 630 mm2 for aluminium. These are for
example connectors in cable instal lations where
thermomechanical forces are estimated to exceed
20 kN.
Hence, the five classes correspond to the fol
lowing tests:
Class A: heat cycl ing and short-ci rcui t tests;
Class B: heat cycl ing test onl y;
Class 0: no mechanical test;
Class 1: mechanical test wi th | imi ted maximum
tensi le force;
Class 2: mechanical test wi th no maximum tensi
le force.

5.2 |Conductor P
The fol lowing information shal | be recorded in p
the test report:

- cond uctor material ;

- nominal cross-sectional area, dimensions and
shape;

- detai | of conductor construction shal | be
given when known, or can be determined by
inspection, for example:

* class according to IEC 60228 (sol id , stranded
and flexible) ;

e compacted or non-compacted for stranded
conductor;

* number and arrangement of strands;

* type of plating, i f appl icable;

* type of impregnation, water blocking, etc. , i f
appl icable.

5.3 |Connectors and instal lation procedure P
The fol lowing information shal | be recorded in p

the test report:
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- the assembl y method or the instal lation
instruction that is to be used,

- tool ing, dies and an y necessary setting;

- 1 f not part of the del ivered prod uct, for
example at cable conductor termination: bol ts,
nuts,

washers, lubricant, torque, etc. ;

- preparation of contact surfaces, i f appl icable,
for example cleaning, brushing and/or

greasing of inner and/or outer cond uctor and/or
connector surfaces;

- identi fication of the connector, for example
name of the suppl ier, drawing, reference

number, type.

5.4

Range of approval

In general , tests made on one type of
connector/cond uctor combination appl y to that
arrangement onl y. However, to | imi t the number
of tests, when using the same conductor

material , the fol lowing is permi tted:

- a connector which can be used on stranded
round cond uctors or on stranded sectorshaped
conductors which have been rounded, is approved
for both types i f satisfactory
resul ts are obtained on a compacted round cond
uctor;

- a connector which covers a range of
consecutive cross-sectional areas shal | be
approved,

i f satisfactory resul ts are obtained on the smal
lest and the largest cross-sectional areas;

- i fa connector is a through connector for two
cond uctors of d i fferent cross-sectional areas,
shapes, or materials, and i f the jointing method
and the connector barrels used have
al read y been tested separatel y for each
cross-sectional area, no add i tional test is
necessary. | f not, and i f i t is requi red for
bimetal | ic through connectors, ad di tional tests
shal | be made using the conductor having the
highest temperature of the two conductors,
as reference conductor;

- 1 f a type test for a range taking mechanical
connector is passed on the biggest possible
conductor cross-sectional area, this resul t is also
val id for simi lar connector designs wi th
the same material of the connector bod y but
bigger outer diameter provided that the
design of the conductor clamping channel ( inner
diameter, shape, etc. ), quanti ty and design of
clamping screws (torque, material , size, shear-off
characteristic, etc. ) are
identical ;

- 1 f a manufacturer can clearl y demonstrate
that common and relevant connector design
cri teria were used for a fami | y of connectors,
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conformi ty to this document is achieved by
successful | y testing the largest, the smal lest and
two intermediate connector sizes;

exception no. 1 : for a fami ly of connectors
consisting of five sizes, onl y the largest
connector, the smal lest connector, and one
connector of a representative intermediate

size need to be tested:;

exception no. 2: for a fami ly of connectors
consisting of four sizes or less, only the

largest connector and the smal lest connector
need to be tested;

- 1 f conformi ty to this document is achieved
by successful | y testing a connector on a dry
conductor then approval is achieved for the same
cond uctor used in an impregnated paper
insulated cable;

- for connectors where one or both sides are
designed for a range of cross-sectional areas,
and a common clamping or crimping arrangement
serves for the connection of the
di fferent cross-sectional areas, then mechanical
tests on conductors wi th the largest and
smal lest cross-sectional areas shal | be carried
out accord ing to Clause 7 for connectors
accord ing to Class 1 or Class 2;

- i f conformi ty to this document is achieved
by successful | y testing a mechanical connector
on round stranded aluminium conductors, this
type test approval can be appl ied to sol id
aluminium cond uctors of the same
cross-sectional area(s) ;

- 1 f conformi ty to this document is achieved
by successful testing of a through connector,
this type test approval can appl y to the barrel of a
termination which uses the same design
cri teria. Approval of the complete termination
can be achieved i f the termination
connection does not influence the barrel
performance, proven through design parameters,
drawings or through thermal veri fication tests;

- 1 f conformi ty to this document is achieved
by successful | y testing a connector on a
conductor wi th water blocking, approval is
achieved for the same conductor wi thout an y
water blocking but not for the same cond uctor wi
th di fferent types of water blocking ;

- i fconformi ty to IEC 61 238-1 -3 is achieved
by successful | y testing a connector, approval is
achieved for the same classes and conductors in
this document.

Electrical tests

6.1

Instal lation

o

6.1.1 General
Al | conductors of the same nominal
cross-sectional area in the test loop shal | be taken
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fromthe same conductor length.

For each series of tests, six connectors shal | be
instal led in accordance wi th the

manufacturer’s instructions, on a bare conductor
or on a conductor that has had the insulation
removed before assembl y, to form a test loop
together wi th the corresponding reference

cond uctor.

For stranded conductors, poten tial di fferences
between the strands at potential measuring

posi tions can cause errors in measuring electrical
resistance. Equal izers according to

Annex A shal | be used to overcome this problem
and to ensure uni form current d istribution in

the reference conductor and between connectors
at the equal izer posi tions. The

recommended method is to prepare equal izers on
the test loop before instal | ing connectors.

The test loop shal | be instal led in a location
where the ai r is calm.

The ambient temperature of the test location shal |
be between 15 T and 30 <TC.

For conductor cross-sectional areas above 1 000
mm2, i tis al lowed to increase the ambient
temperature range of the test location between 1 5
T and 40 <C. At the end of the cool ing

phase the ambient temperature shal | be between
15 <Cand 30 <.

I n the case of sol id conductors, the potential
measuring posi tions shal | be as close as

possible to the connector in order to red uce la
and Ib close to zero.

The test loop may be of an y shape accord ing to
Figure 2 or Figure 3 provided that i t is

arranged in such a way that there is no adverse
effect from the floor, wal Is and cei | ing, other
test loops and adjacent test branches.

To faci | i tate the short-ci rcui t test for
connectors according to Class A, the loop may be
d isassembled as shown in Figure 2 b) . I n this
case, the sectioning connections shal | not
influence the temperatures of the test objects
during heating.

Retightening of bol ts or screws of the connectors
under test is not permi tted.

6. 1.2 Through connectors and terminations

The test loop shown in Figure 2 indicates the
dimensions that shal | be used.

Where terminal lugs or mechanical connectors for
terminal bars are to be tested, they shal | be

bol ted to | inking bars in accordance wi th the
manufacturer's instructions or other relevant
standards/speci fications defining methods and
instructions for fastening terminations. These
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I inking bars shal |, at the point of connection, be
of the same dimensions and thickness as the
palm, and also of the same material .

| t may be necessary to adjust the thermal
characteristics of the | inking bar outside the point
ofconnection, to achieve the temperatures speci
fied in 6. 3.

For terminal lugs, the u se of | inking bars is the
recommended test method al though i t is

al ternativel y possible to test terminal lugs wi th
palms connected di rectl y to palms.

| fitisrequested that the terminal lug test
includes an evaluation of the performance of the
bol ted palm when connected to a speci fied plant
terminal , then the | inking bar method shal | be
used and the | inking bar ends, or an intermediate
piece, shal | be defined and described in

material , size and surface coating.

6. 1.3 Branch connectors

When the branch connector is intended for a
branch nominal cross-sectional area equal to the
main, or a nominal cross-sectional area
immediatel y above or below the main, i t is
treated as

a through connector between the main and the
branch, and the test method for through
connectors as shown in Figure 2 is appl icable. I n
other cases, the test loop shal | be as shown

in Figure 3. Where a type of connector makes i t
necessary for the main conductor to be cut,

that part of the connector which acts as a through
connector, shal | also be tested as for

through connectors.

6.2

Measurements

6.2. 1 General
Measurements shal | be made at stages
throughout the test according to Table 2.

6.2.2 Electrical resistance measurements

The resistance measurements shal | be made
under stead y temperature condi tions of both the
test loop and test location. The ambient
temperature shal | be between 15 T and 30 <C.
The recommended method is to pass a di rect
current of up to 1 0 % of the estimated heat

cycl ing current, through the connectors and the
reference conductor, wi thout signi ficantl y
increasing the temperature and to measure the
potential di fference between two speci fic
potential measuring posi tions. The ratio of
potential di fference and d i rect current is the
electrical resistance between those two posi tions.
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To decrease the uncertainty of the resistance
measurement, i t is recommended that the di rect
current is adjusted to the same value throughout
the electrical test.

For branch conductors assembled in accordance
wi th Figure 4, the whole of the measuring
current shal | flow through that part of the
connector whose potential d i fference is being
measured . Swi tches or d isconnecting terminals
may be provided for this purpose.
Thermoelectric vol tages may affect the
uncertainty of low resistance measurements (of
theorder of 1 0 uQ) . I fthis is suspected, the
recommended method is to take two resistance
measurements wi th the di rect measuring current
reversed between readings. The mean of the
two read ings is then the actual resistance of the
sample.

The potential measuring posi tions shal | be as
indicated in Figure 4 and Annex B. The various
lengths shal | be measured individual | y to enable
the actual connector resistances to be
determined. The temperature of connector and
reference conductor shal I be recorded when
resistance measurements are made. For d i rect
comparison, the resistance values shal | be
corrected to 20 <C. | nformation on the
recommended method is also given in An nex B.
Temperature measurements at these posi tions
shal | be made during the heat cycl ing test.

Ind i rect resistance readings:

- vol tage measurements shal | have a device
uncertainty wi thin+ 0,5 % or+ 1 0 puV, by
taking
the greater value;

- current measurements shal | have a device
uncertainty wi thin =0, 5 % or 0, 1 A, by taking
the greater value.

Di rect resistance readings:

Resistance measurements shal | have a device
uncertainty wi thin = 1 % or + 0,5 pQ, by taking
the greater value when the instrument is cal
ibrated against a certi fied standard resistance.

6.2.3 Temperature measurements
Temperatures of both connectors and reference
conductors shal | be measured at the

posi tions ind icated in Figure 4. The
recommended method of temperature
measurement is to
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use thermocouples. The temperature
measurements shal | have a device uncertainty wi
thin+2 K.
6.3 |Heat cycl ing test P
6.3. 1 General P
The heat cycl ing test shal | be made wi th al
ternating current.
6.3.2 Fi rst heat cycle P

The object of the fi rst heat cycle is to determine
the reference conductor temperature to be

used for subsequent cycles and also to identi fy
the med ian connector (see 3. 1 2) at

equi | ibrium.

Equi | ibrium is reached when the reference
conductor and the connectors do not vary in
temperature by more than += 2 K during appl
ication of the heating current. Minimum periods
tomaintain temperature stabi | i ty are defined in
Table 1.

a) Through connectors and terminations

Current is ci rculated in the test loop, bringing the
reference conductor to 1 20 <C at equi | ibrium.

| f the temperature of the median connector is
equal to or greater than 1 00 <C, the reference
conductor temperature for subsequent heat cycles
shal | be deemed to be 1 20 <C. | f not, then

the current shal | be increased unti | the med ian
connector temperature reaches 1 00 <C at

equi | ibrium, subject to the reference cond uctor
temperature not exceeding 1 40 <C. | f the
temperature of the median connector does not
reach 1 00 <C, even wi th a reference conductor
temperature of 1 40 <C, the test shal | be
continued at that temperature. The measured
reference conductor temperature 0 R shal 1 then
be used for subsequent heat cycles

(120 ° C < 6 R =< 140 ° C).

Where | inking bars are used for terminal lugs, the
temperature at the midpoint of the bar

| inking the palms should also be measured . This
temperature should be equal to the temperature of
the reference conductor 6 R, wi th a tolerance of]
15 K.

b) Branch connectors

Where i t is necessary to use the ci rcui t shown in
Figure 3, current shal | be ci rculated in the

test loop, bringing the main reference conductor
and the three branch reference conductors to

1 20 < at equi | ibrium. To achieve this, the
currents in the three branches shal | be adjusted
bycurrent injection or impedance control . | f the
temperature of the median connector according

to defini tion 3. 1 2 is then equal to or greater than
1 00 <C, the reference conductor temperature
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for subsequent heat cycles shal | be deemed to be
120 <C. I f not, then the current shal | be
increased in the loop unti | the med ian connector
temperature reaches 1 00 <C at equi I ibrium,
provided the reference conductors do not exceed
140 <C. | t may be necessary at this stage,

and also at intervals throughout the test, to adj ust
the current in an ind ividual branch so as to
ensure that each branch reference temperature is
the same as the main reference

temperature wi th a tolerance of £ K. The
measured reference cond uctor temperature OR on
the main and branch conductors, shal | then be
used for subsequent heat cycles

(120° C <= 6 R<140°"° Q).

Table 1 — Minimum period of temperature stability

for aluminium: A <300

Nominal conductor cross-

sectional area A (mm?) for copper: A <240

300 < 4 <630
240 < 4 < 400

630 <4 <1000
400 < 4 < 800

4>1000
4> 800

Minimum period (min) 15 20

30

60

6.3.3 Second heat cycle

The object of this second heat cycle is to
determine the heat cycle duration and temperature
profi le which wi | | be used on the test loop for al
| subsequent heat cycles. Current is ci rculated

in the loop unti | the main reference cond uctor
temperature reaches the value 6 R determined in
6. 3. 2, wi th a tolerance of 0+6K and the median
connector temperature is stable wi thin a band

of 2 K over a1l 0 min period and does not d i ffer
by more than 3 K compared to the temperature
measured during the fi rst heat cycle.

For branch connectors that need to use the ci rcui
t shown in Figure 3, current is ci rculated in

the loop unti | the branch reference cond uctor
temperature reaches the value 6 R determined in
6. 3. 2, wi th a tolerance of 0+6K and the main
reference conductor temperature reaches the
value 0 R determined in 6.3.2, wi th a tolerance of
46—K. The median connector temperature is
stable wi thin a band of 2 K over a 1 0 min period
and does not d i ffer by more than 3 K

compared to the temperature measured d uring
the fi rst heat cycle.

At the beginning of the heat cycle, an elevated
current up to 1 50 % of IN may be used as the
preferred method, to red uce the heating period.
The current shal | thereafter be decreased or
regulated to a mean value of the current close to
IN to ensure stable cond i tions during the
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median-connector control period. I t may be
necessary to use more than one cycle to determine
the second heat cycle.
The reference conductor temperature shal | be the
control parameter, in order to keep the
temperature profi le during the heat cycl ing test. |
n this way, the fluctuation of the ambient
temperature wi | | not affect the temperature profi
le of the reference conductor wi thin the
tolerances given in this document.
The determined heating profi le of the reference
conductor containing the characteristics of
temperatures during time, as shown in Figure 1,
shal | be recorded and reproduced for al |
subsequent heat cycles.
The heating period t1 is fol lowed by a cool ing
period t2 to bring the temperatures of al |
connectors and the reference conductor to values
< 35 ° C.
| t may be necessary in subsequent heat cycles to
adjust t2 to ensure that the temperature
condi tions are reached, in particular during the
measurement of resistances in order to
respect the condi tions of 6. 2. 2.
| f accelerated cool ing is used , i t shal | act on
the whole of the loop, and use ai r wi thin ambient
temperature | imi ts.
The total period t1 + t2 consti tutes a heat cycle
(see Figure 1).
A P

Temperature (°C)
=

7 10 min \
|-

-

A

b
-

Reference conductor temperature

Median connector temperature does not
iffer by more than 3 K compared to cycle 1
when equilibrium is reached

Median connector temperature

N <35 °C for all connectors
and reference conductor

;

Y

h J

Time

1EC

Figure 1 — Example of second heat cycle profile
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6.3.4 Subsequent heat cycles

A total of 1 000 heat cycles shal | be made
according to 6. 3.3. After the cool ing period of
the

cycles indicated in Table 2, the resistance and
temperature of each connector and each
reference conductor shal I be recorded as
described in 6. 2. The maximum temperature of
each

connector during the cycle just prior to or fol
lowing the resistance measurements shal | also be
recorded.

P

Table 2 = Electrical resistance measurements during the electrical test

Class A

Class B

after cycle no. 200 before short=circuit test

after cycle no. 200 and after short=circuit test

after cycle no. 2507 after cycle no. 250°

cycle no. 0, before the first heat cycle, see 6.3.2 cycle no. 0, before the first heat cycle, see 6.3.2

then after 75 cycle intervals® then after 75 cycle intervals®

(in total 14 measurements) (in total 12 measurements)

2 A tolerance of £10 cycles may be used for collecting measurements.

6.4

Short-ci rcui t test for connectors according to
Class A

6.4. 1 General

The short-ci rcui t test shal | be made wi th al
ternating current.

After finishing 200 heat cycles, six short-ci rcui t
currents shal | be appl ied on each connector.
After each short-ci rcui t current appl ication , the
test loop shal | be cooled to a temperature

< 3 ° C.

The measured ini tial reference cond uctor
temperature, the current and the duration, as wel |
as the J oule integral of each short-ci rcui t current
appl ication shal | be recorded in the test

report.

When through connectors are used to connect di
fferent conductors in the same test, the

conductor wi th the highest nominal electrical
resistance per uni t length shal | be used as
reference conductor.

When branch connectors are used, the short-ci
rcui t current shal | be appl ied from the main
cond uctor to the branch conductor for each
connector under test.

As stated in 6. 1. 1 the test loop may be
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disassembled for this test. Since the short-ci rcui t
test

is intended to reproduce the thermal effects of
high currents onl y, the recommended method

IS to use a concentric return conductor in order to
reduce the electro-d ynamic forces. The test
arrangements shal | be described in the test report.
For aluminium conductor nominal cross-sections
> 400 mmz2 and for copper > 300 mmz2,
preheating

up to 90 T may be used. However, for nominal
cross-sectional areas exceeding

630 mm2 for copper or 1 000 mm2 for
aluminium, the defined parameters (45 kA and 5
S) are

insufficient to reach 250 <C.

When determining the short-ci rcui t current RMS
value, a device taking into account the DC
component should be used. Al ternatively, the
determination of 12t can be obtained using the
method described in Annex E, noting this method
does not take into account the DC

component of the current.

6.4.2 Aluminium conductors wi th cross-sectional
areas below 1 000 mm2 and copper

conductors wi th cross-sectional areas below 630
mm2

The short-ci rcui t test current level shal | be such,
that i t raises the reference cond uctor from a
temperature << 35 ° C to a temperature
between 250 ° Cand 270 ° C.

The duration of the short-ci rcui t test current shal
1be (0510 1,,+—) s wi th a maximum current of
25 kKA.

| f the requi red short-ci rcui t test current exceeds
this value, a longer duration < 5switha
current between 25 kA and 45 kA shal | be used.
The minimal appl icable adiabatic J oule integral
I2ADt, which raises the temperature of the
reference cond uctor to 250 <C, shal | be
calculated accord ing to the formula in Annex D,
aswel | as the maximum appl icable ad iabatic
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Joule integral 12ADt necessary to reach a final
temperature of 270 <C.
The adiabatic J oule integral 12ADt used for each
short-ci rcui t current appl ication d uring the
short-ci rcui t test shal | be between both previous
calculated values of Joule integrals 12ADt.
6.4.3 Aluminium conductors wi th cross-sectional P
areas = 1000 mm2 and copper
conductors wi th cross-sectional areas = 630
mm?2
A short-ci rcui t test current of 45 kA for 5 s shal |
be appl ied.

6.5 |Assessment of resul ts P
An ind ividual connector resistance factor k P
enables a common method of connector
assessment to be made over the range of
conductor cross-sectional areas appl icable to this
document. The parameters | isted below shal | be
calculated according to Annex F:
a) The connector resistance factor k shal | be
calculated according to Clause F.3, for each of
the six connectors at al | the measurement
intervals | isted in Table 2.
b) The ini tial scatter & , between the six ini tial
values of kO, measured before heat cycl ing,
shal | be calculated accord ing to Clause F.4.
c) The mean scatter B , between the six values of]
k, averaged over the last 1 1 measurement
intervals, shal | be calculated accord ing to Clause
F.5.
d) The change in resistance factor D for each of
the six connectors shal | be calculated
according to Clause F. 6. D is the change in the
value of k taken over the last
1 1 measurement intervals, calculated as a
fraction of the mean value of k in this interval ;
e) The resistance factor ratio A shal 1 be calculated
according to Clause F. 7.
f) The maximum temperature Omax on each
connector shal | be recorded according to
Clause F.8.

6.6 |Requi rements P
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The six connectors shal | satisfy the requi rements P
shown in Table 3. | f one connector out of
the six does not satisfy one or more of the requi
rements, a re-test may be carried out. I n this
event, al | six new connectors shal | satisfy the
requi rements.
| f more than one connector out of the six do not
satisfy one or more of the requi rements, no
re-test is permi tted and the type of connector shal
| be deemed as not conforming to this
document.
Table 3 = Electrical test requirements P
Parameter Designation | Text reference Maximum
value
Initial scatter & Clause F.4 0,30
Mean scatter I Clause F.5 0,30
Change in resistance factor D Clause F.6 0,15
Resistance factor ratio Clause F.7 2,0
Maximum temperature [/ Clause F.8 o
NOTE Specified values are based on experience.
6.7 |Examples of electrical test loop configurations P
and associated parameters
See Figures 2, 3 and 4. P
— P

a) Through connectors = principle test loop
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= df2 I, = dl2 P
0 0 5
N ™
E O }——b|
3 _
g — 0——,
<1 i1 ——0]
E O—f  FO———|
: — +——F
_ ‘ra lrl:-
N A
IEC
b) Through connectors with separable sections according to 6.1.1
P
II’
>di2 /[ il
{ {_D " |_|\
L 1 P
> dj2 _T
) o IEC
c) Terminal lugs = principle test loop
where: Key P
d =80 /4 or 500 mm, whichever is the greater 1 reference conductor

4 is the corresponding conductor nominal cross-sectional area, in mm?
Lzl i+ (for I, see Figure 4) through connectors

linking bars

2

3

4 terminal lugs
For stranded conductors: 5
6

disconnecting terminals

i, I, =15 /4 or 150 mm, whichever is the greater

equalizers (for stranded conductors)

Figure 2 = Typical electrical test loops for through connectors and terminal lugs
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4
=dl2 |

For stranded conductors:

1,0, =15 4 or 150 mm, whichever is the greater Sw

a
IEC
where: Key
d =80 /4 or 500 mm, whichever is the greater 1 main reference conductor
A is the main conductor cross=sectional area, in mm? 2 branch reference conductor
folpzl 1+ (for I, see Figure 4) 3  equalizer (for stranded conductors)

a branch connector
c current control

switch (for branch resistance measurement) a
distance of 4/2 between switch and connectors
should be used

Figure 3 = Typical electrical test loop for branch connectors

P

TC Formula:

| | U 1

\/ R ="fx——
Ca— - "L 1+ a(6-20)

fr

IEC

a) Reference conductor

Formulas:
R; =R—R,x7@a +ly)
] [r
I
k:ﬁxi
R

Y

IEC
Reference: same conductor on both sides

b) Through connector
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TC Formulas: P
o (RCu RAI
Cu Al Ry =R (I,Cu S LAI Mo
I -
R.
k= N
] RCu laj + &Al % I
b [,Cu LAl
IEC
References: copper and aluminium conductors
c) Bimetallic through connector
I I Formulas: P
R —R {RTmain L R.branch / )
=5 l.main e I, branch %
[ — » 3
—l - = R; i.branch
/ﬂ ' R.branch ) !
<
'{I)
IEC
References: main and branch conductors
d) Branch connector
P
Iy Formulas:
il'
X d Ry I
72 k=—tx-t
A =
IEC
Reference: conductor
e) Barrel of terminal lug
4 Formulas: P
 — ) R I
! k=—txot
R

& TP “

Reference: conductor

f) Palm of terminal lug
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J Formulas: P
= f
(— — . o R =R—R x—2*
| IR
I = R
Y ik
: h=—1Lwt
4
16 1 _ R
Y
8
J
IEC
Reference: conductor
g) Connection to the conductor for a mechanical connector
— Formulas: p
| A —— R =R
- R
? k=1« J_f
TC > R, {j
Tk
i / )
| -
IEC
Reference: conductor
h) Connection to a terminal bar for a mechanical connector
Key
TC = Temperature measurement positions
Figure 4 = Typical cases of resistance measurements
7 Mechanical test P
7.1 |General P
The purpose of this test is to ensure an acceptable P
mechanical strength for the connections to
the conductors of power cables.
7.2 |Method P
The test shal | be made on three ad di tional P

connectors having the same combination of

cond uctors and instal lation proced ure as used
for the electrical test. The recommended

cond uctor length between connectors or between
connector and tensi le test machine jaws is

= 500 mm. The rate of appl ication of the load
shal | not exceed 1 O N per square mi | | imeter of
nominal cross-sectional area and per second up to
25 % of the value in Table 4 in order to

mark the cond uctor relativel y to the connector,
then up to the value in Table 4, which is then
maintained for 1 min.

The appl icable tolerance for applying the
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mechanical load shal | be wi thin &5 %.

When the axes of two conductors are not al igned,
the connector shal | be fixed and the force

appl ied in the axis of the clamping channel on
each conductor core. One sample of connector
shal | be used per tensi le test.

For example for a branch connector as shown in
Figure 4 d) , six connectors are needed , three
samples are requi red for testing the main
conductor and three samples for the branch
conductor.

| f the connector is tested electrical | y for
conductors of di fferent nominal cross-sectional
area,

three connectors shal | be tested individ ual |'y wi
th the same cond uctor as used in the electrical

test, in accordance wi th Table 4.

Table 4 — Selection of tensile force withstand values for the mechanical test

Class Conductor
material area A (mm?)

Nominal cross-sectional

Tensile force
(N)

Class 0 Aluminium -

No test

Copper -

No test

Class 1 Aluminium < 500

=630

40 x 4
20000

Copper = 300
=400

60 x A
20000

Class 2 Aluminium =630

40 x A

Copper = 400

60 x 4

7.3

Requi rements

Not more than 3 mm sl ippage shal | occur during
the last minute of the test.

Test reports

8.1

General

The type test resul ts according to this document
may be presented in separate test reports.

8.2

Electrical tests

The test report shal | include the fol lowing
information:

- connector class (see 5. 1) ;

- conductor used (see 5. 2) ;

- connector and instal lation proced ure (see 5.

3);




EPREI

File No.: TTCF0426-LVD

p21

EN IEC 61238-1-1:2019

Clause

Requirement-Test

Result-Remark

Verdict

- instal lation for example in the case of
terminations, where bol ted connections are not
suppl ied and not described by the manufacturer,
for example palms of cable lugs, where

ad di tional information shal | be given about
material , surface and lubrication of used bol ts,
nuts, washers and appl ied torques;

- temperature measurement method (see 6. 2.
3);

- current IN at equi | ibrium temperature (see 6.
3.2);

- for Class A the short-ci rcui t test parameters
(see 6. 4);

- test loop configuration;

- values and graph of the connector resistance
factor k versus the cycle number (see 6. 5) ;

- values and graph of the maximum
temperatures versus the cycle number (see 6. 3.
4);

- resul ts of the electrical test (see Table 3) .

| tis advisable to show a graph of the temperature
profi le of the second cycle (see 6. 3. 3) .

8.3

Mechanical test

The test report shal | include the fol lowing
information:

- connector class (see 5. 1) ;

- conductor used (see 5. 2) ;

- connector and instal lation proced ure (see 5.
3);

- resul ts of the mechanical test.

Provided by IHS Markit under license wi th IEC
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(1) Product Photos
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