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MpoTokon OT U3NUTaHUS: CrpaHuua:
297/1/2017 ]ﬂ/) 415

4. MEXAHWYHW U3NMUTAHUA
CwrnacHo STN EN 61284, Yact 11.5.1

4.1 N3NUTAHUA C MEXAHUYHO YBPEXOAHE U PA3PYLLABAHE

Paspywaealio
OGpaseu ycunue PaspyiieHue npn Bua v msicTo Ha noBpepara
No. [kN]
[kN]
20 % RTS 24,1 MapkupaHne — 6e3 nospena
60 % 65.1 3agbpxaHe 3a 10 MUHYTV — NpoBepka
1 1145 SMFL ’ NPUNITBH3BAHETO Ha NPOBOAHMKE — 0e3 noBpeaa
) ’ 3aabpxaHe 3a 1 MUH. — NpoBepKa
1 SMFL 114,5
NpMNNb3BaHETO Ha NpoBoAHMKa — 6e3 nospeaa
- 1171 CkbcaH NpoBOAHNK
20 % RTS 241 MapkupaHe — 6e3 noepena
60 % 3aabpxaHe 3a 10 MUHYTU — NpoBepKa
65,1
2 114.5 SMFL NpUNNb3BaHETO Ha NPOBOJHVKA — 6e3 nospega
’ 3apgbpxaHe 3a 1 MUH. — NpoBepka
1 SMFL 114,5
NpUNTH3BAHETO Ha NpoBoadHuka — 6e3 nospena
- 115,4 CkbCaH NpOBOAHUK
20 % RTS 241 MapkupaHe — 6e3 nospeaa
60 % 3aabpxaHe 3a 10 MUHYTU — NpoBepka
SMF 65,1 6
3, 114,5 L npVNNbL3BaHETO Ha NPOBOAHKKa — be3 nospeaa
1 SMFL 114,5 3apgbpxaHe 3a 1 MuH. — NpoBepka
NPUNITb3BaHETO Ha NPoBOAHVKa — 6e3 noBpeaa
- | 116,9 CKbCcaH NPOBOAHUK
Pesyntar: W3anurBaHute o6pasum ca MTPUEMNNBU / HERPUEMAUBK *

5. 3AKINIOYEHUA :

USMUATAHUTE OBPALIVI CbOTBETCTBAT / HEGBEOTBETGTBAT HA N3NCKBAHUATA HA
STN EN 61284, STN EN I1SO 1461, STN ISO 2178; (PP - 231).

<o)

* . HeCbOTBETCTBALLOTO f1a Ce 3a4epkHe Mpesoa: Nnusax Unves
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Test report

Version: M

ELBA, a. s. - Usek predaja, Ceskoslovenskej armady
264/58,967 01 Kremnica

dead end clamp — 175 840.2
compression joint — 166 840.2

15.01.2016 — 17.02.2016

According IEC 61284

Heat cycle test

The compression dead end clamp 175 840.2 and the
compression joint Ne166 840.2, passed the test, and

fulfilled the requirements given in IEC 61284

H. Walter, A. Schliter

-

3annyeHo no 4na. 36a, an.3 or 30I1

Dortmund, 18.02.2016
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H. Walter / A. Schiiter
Test engineer Test engineer
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RWE Eurotest GmbH - Electrotechnical Testing Laboratory

1. General:
Out of IEC 61284

1.2 Heat cycle test

1.2.1 Purpose
Heat cycle test are type test aimed ascertaining the long-term electrical performance of
current — carrying joint.
When a design of joint meets the requirements of this clause, then it is expected that in
service:
. The electrical resistance of the joint will remain stable;
- The temperature of the joint will not exceed that of the conductor to which it is attached:

- If the design and intended use of the joint demand the application of short-time
overcurrent test, such currents will not adversely affect the performance of the joint

1.2.2. Joints
1.2.2.1 General

The current-carrying joints consisting of compression and all other forms of mechanical
connector can be divided into two main groups regarding the tensile strength: tension joints
and non-tension joints (see Annex A of IEC 61284)

1.2.2.2 Service Temperatures

The heat cycle tests specified in this clause apply to the joint for use on conductors having
the following maximum permissible temperatures in service:

e Continuous current rating <80°C

e Temperature during the short circuit <200°C

1.2.2.3 Classification for test purposes

Although all positive joint applications may not be clearly identified, the following two
classes of joints are defended for the test purposes:

o Class A: the joints are subjected to electrical heat cycle only. Typical joints for
class A joints are tension joints (see 1.2.2.1)

e ClassB: the joints are subjected to electrical heat cycles ant a short-time
overcurrent pulse test. Typical joints for class B joints are non-tension
joints.

The short-time overcurrent pulse test is omitted in class A because the construction of
tension joint in normally so massive in order to meet the mechanical requirements that this
test is not necessary, except if a joint consists of helically formed wires there the current
path is unlikely to be uniform in all strands.

However, the short-time overcurrent pulse test can be also be made on joint of class A if
agreement between the supplier and the purchaser.

1.2.3 Test specimens ;
1.2.3.1 General Qﬁj
The connectors supplied for the test shall be identical to those to be delivered

commercially.
Two compression dead end clamps and one compression joint were tested.

o

RWE Eurotest Gesellschaft fiir Prifung - Engineering - Consulting mbH

Unterste-Wilms-Strafte 52 - D-44143 Dortmund - Tel: +49 (0)231 / 438 - 2861 - Fax: +49 (0)231 / 438 - 2634 - E-Mail: info @ rweeurotest.com
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1.2.3.2 Multi — range connectors g o

In general, connectors shall be tested on all configurations of conductor for which they be
designed.

However, with the agreement of the purchaser the following exception is allowed to limit the
number of test: if connector is designed for more than ones size of conductor, the test shall
be made on both the largest and smallest of such conductor sizes within the supplier's

declared design range.

1.2.3.3. Preparation

The contact surfaces of the connectors and the conductors shall be prepared in accordance
with the supplier's instructions.

The connector shall be installed strictly according to the supplier's instructions on
conductors of the size and type with which they are to be employed without further
preparation. No subsequent tightening of the joints shall be made.

1.2.3.4. Data of test specimens

The following technical details of the test connectors and conductors shall be recorded
before making any test.

Connectors

o -Manufacturer, catalogue or reference number;

o Class of joints: A or B:

o Assembly technique: preparation of contact surfaces, joint grease (if any),
details of installation method and tooling to be employed

Conductors

o Specification;
o Material;
o Size and stranding;

,/\/L \{
RWE Eurotest Gesellschaft fur Priifung - Engineering - Consulting mbH
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el
1.2.4.5 Measurements 6\()

1.2.4.5.1 Resistance measurement

The resistance of each test joint and reference conductor shall be measured between the
potential points installed in accordance with 1.2.4.3.

The electrical resistance is measured between the potential points, marked on the test
pieces according to the requirements of IEC 61284, point 13.4.3 (with Appendix G) with a
straight test current of 100A.Measurement of resistance at each measurement is performed
at a ambient air temperature + 5C, taking into account the difference of about 20 ° C with

the test.

The resistance measurements shall be made with direct current having a magnitude not
higher than 10% of the a.c. test current. The temporary current connections used for
resistance measurements shall be at a distance of not less 50 times diameter of the
conductor from the joint and shall be made so that effective contact is made with all those
strands of the conductor which would be taken into account in calculating its equivalent
resistance.

Instruments used for resistance measurement shall be accurate to within 1% or 0.5uQ,
whichever is the greater when the instrument is calibrated against a certified standard
resistance bar.

1.2.4.5.2 Temperature measurement

The temperatures of the joints and reference conductors, including ambient, shall be
measured by thermocouples or by other suitable means with an accuracy of 2 °C or better.

The joint temperature recorded shall be that of the hottest part of its surface. The
thermocouple may either be inserted in a small hole drilled into the joint or secured to the
outside surface.

On the reference conductor the thermocouples shall be positioned at the mid-point and
securely located, either in a small hole drilled in a solid conductor or by sliding it under the
strands of the outer layer of a stranded conductor (see annex B and C of IEC 61284).

The devices to measure the ambient temperature throughout the test shall be placed so as
not to be influenced by the heat dissipation of the test circuit.

N RWE Eurotest Gesellschaft fUr Priifung - Engineering - Consulting mbH
Un

erste-Wilms-Strafe 52 - D-44143 Dortmund - Tel: +49 (0)231 / 438 - 2861 - Fax: +49 (0)231 / 438 - 2634 - E-Mail: info @ rweeurotest.com
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1.2.5 Heat cycle test procedure \\

1.2.5.1 General
The heat cycle test shall consist of N electrical load cycles. The number N of cycles shall be

chosen from table below:

e

N Tf (°C)
(cycles) temperature rise
1000 70
500 100
| 100 130

Each cycle includes a heating period where the test assembly is loaded by the test current,
followed by a subsequent cooling period with the current switched off.

The heat cycle test shall be carried out employing an alternating current
1.2.5.2 Joints of class A
1.2.5.2.1 Test procedure

The joints of class A shall be tested by the electrical heat cycle (N cycles) method
described below.

1) The test shall be carried out on the joints prepared in accordance whit 1.2.3.3. after the
four joints have been placed in the test assembly, but prior to heat cycling, the resistance
across each joint and the resistance of the reference conductor shall be measured as
specified in 1.2.4.5.1. Taking into account the length of the joint, the resistance of an
equivalent length of the reference conductor shall then be calculated.

2.) A test current shall then passed through the assembly. The value and duration of the
test current shall be such as to raise the reference conductor temperature to Tf9°C see
table above ambient and maintain this temperature for 30 min. The use of an initial current
of value not greater than 150% of the test current to provide accelerated healing so as to
reduce the time to raise of the conductor to Tf*3°C above ambient, is permitted.

3) At the end of the heating period the current shall be interrupted and the conductor
allowed to cool to within 5 °C above ambient. Forced cooling to reduce the time cycle is
permitted.

4) This sequence of operation shall be repeated so that 0.1N cycles (£ 0.02 N cycles) of
heating and cooling are applied.

5) On one occasion during the last five cycles of the 0.1N cycles, the conductor
temperature and temperature of each joint shall be measured during the last 15min of 30
min period.

6) The assembly shall then be allowed to cool to ambient and the resistance of each jaqiqt
measured and recorded. ' %

7) Heat cycling shall then be continued with temperatures and resistance measurement at
the end of each 0.1 N cycle until 0.5 N cycles have been completed.

8) A further 0.5 N cycles shall then follow with resistance measurement taken every 0.05 N
cycles and temperature measurement every 0.1 N cycles

The joints shall not be tightened or adjusted during the test.

/\/1 _ RWE Eurotest Gesellschaft fUr Priifung - Engineering - Consulting mbH
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1.2.5.2.2 Acceptance criteria (class A joints)
Each joint shall meet the following criteria.

1) The initial resistance of the joint shall not differ by more than 30 % from the mean of the
initial resistance of each of the four joints assembled for test.

2) The temperature of the surface of the joint, measured every 0.1 N cycles when the test
current is flowing, shall not exceed that of the reference conductor.

3) The electrical resistance of the joint, measured at the end of every 0.1 N cycles at
ambient temperature, shall not exceed 75% of the measured resistance of the equivalent
length of the reference conductor.

4) The average resistance of the joint over the last 0.5 N cycle shall not exceed the initial
resistance of the joint by more than 50 %.

5) A graph of resistance against number of cycles shall demonstrate with a reasonable
probability that the rise in resistance over the last 0.5 N cycles is not more than 15 % of the
average resistance over the same period. The method employed for the determination of
this probability shall be In accordance with annex E of IEC 61284.

Test parameters:

Heat cycle test start: 15.01.2016
Heat cycle test end: 17.02.2016
Test specimen: 4 compression dead end clams

2 compression joints

ACSR 400
Classification of joints: class A
Number of cycles 500
Max. temperature 80 °C

Ai L/J RWE Eurotest Geselischaft fur Priifung - Engineering - Consulting mbH

UnterstelWilms-Strafe 52 « D-44143 Dortmund - Tel: +49 (0)231 / 438 - 2861 - Fax: +49 (0)231 / 438 - 2634 - E-Mail: info @ rweeurotest.com
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3. Test set-up ;
1

A
\ RWE Eurotest Gesellschaft fiir Priffung - Engineering - Consulting mbH
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4. Test results:
4.1. Initial resistance of the joints (see 1.2.5.2.2-1)

Dead end clamps:

Difference
Elec. Mean initial to mean
ltem Resistance | Resistance initial Requirement Result
resistance
[uQ/m] [(HQ/m] [%]
] R1 25.34 -0.8 Passed
C
g max. £30%
L J=Y R2 24.78 -2.98 from the Passed
~ o % 25.54 mean of the
' 5 © R3 25.45 -0.36 initial Passed
g resistance
© R4 26.60 415 Passed
Compression joints:
Difference
Elec. Mean initial to mean
Item Resistance | Resistance initial Requirement Result
resistance
[uQ/m] [HQ/m] [%]
R5 25.58 -2.30 Passed
. 2 max. +30%
V, _E; R6 26.46 1.06 from the Passed
o 26.18 mean of the
£ R7 25.74 -1.68 initial Passed
S resistance
R8 26.95 2.92 Passed

i
3
!

: Requirement: The initial resistance of joint shall not differ more then 30% from the mean of
the initial resistance of each of the four joints assembled for test.

Unte/l/‘

te-Wilms-StraRe 52 - D-44143 Dertmund - Tel: +49

Acceptance criteria according to 1.2.5.2.2-1 fulfilled

RWE Eurotest Geselischaft fr Priifung - Engineering - Consulting mbH
(0)231 / 438~ 2861 - Fax: +49 (0)231 / 438 - 2634 . E-Mail: info @ rweeurotest.com
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4.2. Surface temperature of the joints (see 1.2.5.2.2-2) \

Dead end clamps:

Temperatures of Dead End clamps

a0
8& —?.:%rvd_ﬂ.uﬂra-“m"“——"'mﬂaaﬂmrﬁrﬂ“ e M——r e
70
&)
5 0 s T conicluctor
©
550 : e T_arnbient
g 40 g—_—"———-—-— S — Dead end 1
= Dead end 2
& 30 :
—— === Dead end 3
20 " e N meens Deadd end 4
10
0 100 200 300 400 500
Cycle
Compression joints:
Temperature of Compression joints:
90
70
Q
3 60 =enme | _cONAuGtor
5 50 - b wmmmen T _ambient
© e —— e e — -
g’_ 40 7 __-——.:-q:;_.,__—-—- ~joint 1
§ 30 . a0 2
D) s =ajoint 3
0 50 100 150 200 250 300 350 400 450 500 ‘g ‘

Cycle

Requirement: The temperature of the joint, measured every 0.1 N cycles when the test current is
flowing, shall not exceed that of the reference conductor
Acceptance criteria according to 1.2.5.2-2 fulfilled

RWE Eurotest Gesellschaft fir Priffung - Engineering - Consulting mbH
Unterste-Wilnjs-StraRe 52 - D-44143 Dortmund - Tel: +49 (0)231 / 438 - 2861 - Fax: +49 (0)231 / 438 - 2634 - E-Mail: info @ rweeurotest.com
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S

4.2. Electrical resistance of the joints (see 1.2.5.2.2-3)
Dead end clamps:

Electr. Resistance of Deda End Clamps

60
50
é 40 et e o e e - T_conductor
c::i. - - e o - T -~ =T - - e s = T P
e - == Limit
3 30 i
% ..,_,_ _— Sk _.,,—c.—f‘ . = e 2 —— ;_:_‘_:-“__:-'_z"—' ._‘.—?_ ah‘“‘"—_f‘-‘- R Dead End 1
2 50 B oo R Dead End 2
« e R Dead End 3
0
0 50 100 150 200 250 300 350 400 450 500
Cycles
~__Compression joint o o
Electr. Resistence of Compresion Joints
50 - B -
TR
45
40 ~
F-E_‘ss w”““—aua—m’-lw'u%m”mu—“‘wmuﬁ
c aamemes T_conductor
S 30 | .
© s e e o — == = Limit
Q25 - — e i
& -R Joint 1
% 20 e R JOINE 2
0 45 )
64 s R JOINE 3
10 -R Joint 4
5 -
0

0 50 100 150 200 250 300 350 400 450 500
Cycles

<

Requirement: The electrical resistance of the joint, measured at the end of every 0.1 N cycles at
ambient temperature shall not exceed 75% of the measured resistance of the equivalent length of
the reference conductor
Acceptance criteria according to 1.2.5.2-3 fulfilled

: ! RWE Eurotest Gesellschaft fir Priifung - Engineering - Consulting mbH
Untétste-Wilms-Strafte 52 - D-44143 Dortmund « Tel: +49 (0)231 / 438 - 2861 - Fax: +49 (0)231 / 438 - 2634 - E-Mail: info @ rweeurotest.com



RWE Eurotest GmbH - Electrotechnical Testing Labmatory

4.4. Average resistance of the joint over the last 0.5 N cycles (see 1.2.5.2-4) YW/)

Dead end clamps:

[ Cveles Resistance Compression Dead End 1

y [uQ/m] Average Initial Difference | Requirement
250 25.85
275 25.49
300 24.84 Average
325 24.93 resistance
350 25.48 shall not
375 25.29 25.26 25.34 -0.17% exceed initial passed
400 25.28 resistance
425 25.11 more than
450 25.08 50%

™ 475 25.47

! 500 25.40

Cycles Resistance Compression Dead End 2
[uQ/m] Average Initial Difference | Requirement
250 25.55
275 24.90
300 25.21 Average
325 25.32 resistance
350 24.90 shall not
375 24.70 25.05 24.78 1.09% exceed initial passed
400 25.00 resistance
425 24.85 more than
450 25.42 50%

ey 475 24.87

L 500 24.80

/\/‘ RWE Eurotest Gesellschaft fir Priifung - Engineering - Consulting mbH
Unterste-Wilms- Stralle 52 . D-44143 Dortmund - Tel: +49 (0)231 / 438 - 2861 - Fax: +49 (0)231 / 438 - 2634 - E-Mail: info @ rweeurotest.com
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N

)

Cvel Resistance Compression Dead End 3

ycles [uQ/m] Average Initial Difference | Requirement
250 25.36
275 25.27
300 25.36 Average
325 25.47 resistance
350 25.94 shall not
375 25.73 25.63 25.45 0.72% exceed initial passed
400 25.81 resistance
425 25.65 more than
450 25.58 50%
475 25.91

‘T‘ 500 25.86

Cycles Resistance Compression Dead End 4
[uQ/m] Average Initial Difference | Requirement
250 27.13
275 26.35
300 25.53 Average
325 25.67 resistance
350 26.52 shall not
375 26.29 26.22 26.60 -1.42 exceed initial passed
400 26.22 resistance
425 26.07 more than
450 25.75 50%
{f‘ 475 26.47
500 26.40

I\/\D
/\/) RWE Eurotest Gesellschaft fir Priifung - Engineering - Consulting mbH

Unterste-Wilms-Strafte 52 « D-44143 Dortmund - Tel: +49 (0)231 / 438 -~ 2861 - Fax: +49{0)231 / 438 - 2634 - E-Mail: info @rweeurotest.com
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Compression joints: )ﬁ,/)
4

Cveles Resistance Compression Joint 1

y [HQ/m] Average Initial Difference | Requirement
250 26.01
275 25.54
300 25.33 Average
325 2547 resistance
350 25.72 shall not
375 25.55 25.60 25.58 0.07% exceed initial passed
400 25.61 resistance
425 25.45 more than
450 25.56 50%
475 25.72
500 25.62

(M
Cycles Resistance Compression Joint 2
[pQ/m] Average Initial Difference | Requirement

250 25.97
275 26.19
300 26.29 Average
325 26.44 resistance
350 26.78 shall not
375 26.56 26.48 26.46 0.10% exceed initial passed
400 26.63 resistance
425 26.47 more than
450 26.54 50%
475 26.77

M 500 26.68

, _

/\JL RWE Eurotest Gesellschaft fir Priifung - Engineering - Consulting mbH
U
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Cvel Resistance Compression Joint 3

ycles [pQ/m] Average Initial Difference | Requirement
250 25.71
275 25.74
300 25.64 Average
325 25.77 resistance
350 26.26 shall not
375 26.06 25.92 25.74 0.70% exceed initial passed
400 25.92 resistance
425 25.79 more than
450 25.87 50%
475 26.25

) 500 26.15

Cycles Resistance Compression Joint 4
[uQ/m] Average Initial Difference | Requirement

250 26.50
275 26.19
300 26.52 Average
325 26.67 resistance
350 27.11 shall not
375 26.92 26.80 26.95 -0.54% exceed initial passed
400 27.10 resistance
425 26.91 more than

" 450 26.78 50%

\ 475 27.11
500 27.02

Requirement: The average resistance of the joint, over the last 0.5 N cycles shall not excee
initial resistance of the joint by more than 50 %

Acceptance criteria according to 1.2.5.2-4 fulfilled

5. Conclusion:
The compression dead end clamp Art.Ne 175 840.2 and the compression joint Art.
Ne166 840.2, passed the test, and fulfilled the requirements given in IEC 61284

/\L’J/r‘}terste- ilms-Strafe 52 - D-44143 Dortmund - Tel: +49 (0)
J [
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1. OBLLN NONOXEHWUS:
OT IEC 61284

.2 N3nuTBaHe Ha TONMMHHUA UUKDBbN
.2.1 Uen
TecTbT Ha TOMMVHHAS LMKBI € TWM TecT, HAaCOUeH KbM YCTaHOBABaHe Ha AB/ITOCPOYHNTE
eneKkTpUYEcKkn XapakTepucTuKu Ha TOKONpOoBOAsiLIaTa CTaBa.
KoraTo KOHCTPYKUMST@ Ha doyrata OTroBaps Ha WU3UCKBaHusTa Ha Tasu Knaysa, To ce
ovaksa, Ye B ekcnroaTtauus:
- eNEeKTPUYECKOTO CbMNPOTVBNEHNE HA CHEAVHEHVETO LIie OCTaHe cTabwvnHo;
- TemnepaTypaTa Ha CbeAVHEHWNETO HAMa Aa HajBuWaBa TemnepaTtypara Ha NpPOBOAHUKAE,
KbM KOVTO € CBBbP3aH:
- AKO KOHCTPYKUMATA U NpeAHa3Ha4YeHUeTo Ha CbeAUHEHVETO U3NCKeat npunaraHe Ha
W3NWTBAHE 3a KbCO BPEMe Ha npeToBapBaHe, TaknBa TOKOBE HAMa Aa  okaxar
HeGnaronpusTHO Bb3AeNCTBMe BbpXy paboTaTta Ha CbeanHeHneTo
1.2.2. CraBu
1.2.2.1 OBLLw nonoxeHus
TokonposoauMuUTe hyri, CBLCTOALM CE OT KOMMpecus U BCUHKM ApYrU dopmn Ha
MEexaHUUeH cheguHuTen, MoraT Aa ObAaT pasAaeneHu Ha ABe OCHOBHW rpynu no
OTHOLLEHME Ha SKOCTTAa Ha OMBH: OMbHATU CbEAVHEHUA U HeHaTAraww ce CheAVNHEeHUs
(Bux npunoxeHne A ot IEC 61284)
1.2.2.2 PaboTHU TemnepaTypu
M3nuTBaHMsITa 3a UMKbNa Ha 3arpsBaHe, Moco4YeHU B Tasy Touka, Cé OTHacAT 3a
CbEAWHEHVETO, KOETO Ce W3nonsea 3a MPOBOAHMLM, vMallK CneaHuTe MakcumanHo
LOMNyCTUMK TEMNEPATYPU B ekcnnoaTauus.
+ HenpekbcHat Tok < 80 0C
« Temnepatypa ro BpeMe Ha KbCO CbeAUHEHNe < 200 oC
1.2.2.3Knacndpukauns 3a uenute Ha tecta
BbMpeku Ye BCUUKMA MOJIOXKUTENHN CbBMECTHWU MPUMOXEHWA He Mmorat Aa Gbagat fAcHo
NaeHTUULMPaHK, CNeaHVTe ABa knaca CTasu ce 3aliuTaBaT 3a LenuTe Ha Tecta.
+ Knac A: cdoyruTe ce nognarart camo Ha enekTpn4eckn LnkbIl. TunvuHn dyru 3a
cTaBwTe OT Knac A ca onbHaTh CbeauHenmna (Bux 1.2.2.1)
« Knac B: ¢pyrute ce noanarar Ha eNeKTpUYecKkU TONNVHHA LIKU 1 3a KpaTko Bpeme
uanuTBaHe Ha npetoBapsail UMnync. TunuuHuTe Qyrn 3a cbefnHeHus oT Knac B ca Ge3
HanpexeHve
cTaBMu.
KpaTKOCPOYHOTO M3MUTBaHE Ha CBPBXMOTOYHW UMNYNCK Ce U3KMoYBa B KNac A, Tbil KaTo
KOHCTPYKUMSTa Ha OMbBalioTO CbeAMHEHWE € HOpManHo TOonkoBa MacKBHA, ye pfa
OTroBaps Ha MEXaHW4HUTE U3UCKBaHUA, Y& TOBa U3NUTBaHe HE € HeoBXxoA4MMO, OCBEH aKo
dyraTa ce CbCTOU OT CMPaNOBUAHO OOPMEHU XULM TaM, KbASTO NBTAT Ha ToKa e efBa
nn we 6bae egHaksa BbB BCUYKU HaNpaBneHus.
Bbnpeku TOBa, W3NMTBAHETO Ha KPaTKOTpaiHW npeToBapsaily WMMyrcy MOoxe na %&’
M3BLPLUM W MpWU CBbP3BAHE Ha Knac A, ako e MocTUrHaTo cnopasymeHune mexay
[OCTaBYMKa U KynyBaya.
1.2.3 TectoBn obpasum
1.2.3.1 Obwia
MpegnaraHuTe 3a W3NUTBAHETO CbeanHUTenn TpAbsa Aa 6bOaT UOEHTUYHU C TEe3U, KoUTo
ce [oCTaBAT B Thprosckara mpexa.
Baxa TeCTBaHM [Be KOMMPECUOHHW TMpuUTUCKaWy kpawwa wu eaHo KOMMPEeCUOHHO
CbeavHeHne.

1
1

1.2.3.2 KoHeKTopu ¢ pasnnyHu obxeartu
OBUKHOBEHO ChEeAVHUTENWTE Ce M3NUTBAT Ha BCUUKW KOHMPUTypaLuu Ha NpoBOAHWKAE, 3a
KOWUTO Te ce NpoeKTnpar.
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Bbnpeku ToBa, CbC ChrNacueTo Ha Kynysada, ce paspeluaBa CNeaHOTO usktoyeHne aa ce
orpaHuuM GpOST Ha M3NUTBAHUATA. aKO KOHEKTOP®LT e npoeKkTupaH 3a noeeve OT €AuH
pasmep Ha NpoBOAHMKA, N3NUTBAHETO TpsGea ga 6bae HanpaBeHo KaKTo Ha Hal-ronemMmums,
Taka U Ha Hall-Mankus pasMep Ha NpPoBOAHVLWUTE B paMKuTe Ha JOCTaBuuKa. AeknapvpaHda
rama.

1.2.3.3. nogroToBKa
KOHTaKTHATE NOBBPXHOCTU Ha CbeauHuTenute 1 NpoBOAHALIMTE ce noaroTBAT B
CHOTBETCTBME C MHCTPYKLMUTE Ha JOCTaBYUKa.
CbeguHutensat Tpabea Aa ce MOHTWpa CTPOro cbrnacHo WHCTPYKUMMNTE Ha AOCTaBuuKa Ha
NPOBOAHMULM C pasMep 1 Tun, C KOUTO Aa Ce n3rnonssar 6e3 no-HaTaTbLUHa nogroToska. He
ce npaBAT NocrneaBalum 3aTaraHna Ha dyruTe.

1.2.3.4. [laHHK 3a obpasunte 3a n3nuteaHe
CrneaHuTe TeXHNYECKN AeTainy Ha CbeJMHNTENNTE 3a N3NUTBaHE U nposogHuLuTe Tpsibsa
fa 6baat sanucaHu, Npean Aa ce U3BBbPLUK BCAKO U3NATBAHE.
KOHEeKTOopKU
o MpoussoanTen, KaTanoxeH U pedepeHTeH Homep;
o Knac na cBpb3ku: A unu B:
o0 TexHuka Ha crnobsBaHe: MNOAroTOBKA Ha KOHTAKTHW MOBBbPXHOCTW, Fpech (ako nma
TakmBa), NoapoBHOCTM 3a MeToAa Ha MOHTaX U UHCTPYMEHTanHa eKkMnnpoBkKa
[MpoBoAHULIM
o cneundukaLus,
o maTepwuan;
o Pa3mep n 3acspaHe;

1.2.4.5 ViamepeaHna

1.2.4.5.1 NamepBaHe Ha CbNpOTUBNEHNETO
CbMpOTMBMEHMETO Ha BCAKO WINUTBATENHO CbEAUHEHWE W eTanoHeH NPOBOAHNK ce
“3MepBa Mexay NOTeHLMaNHNTE TOYKW, MOHTUPaHU B CbOTBETCTBNE C 1.2.4.3.
ENeKTpUYeckoTo CbMNPOTUBIIEHME Ce N3MEPBa MEXAY NOTEeHUManHUTe TOUKM, oTbensasaHu
BBbPXy W3NWTBaHUTE npobu CBIMacHo M3UCKBaHWATA Ha IEC 61284, Touka 13.4.3 (c
ponbnnenne G), ¢ npasuried npobex Tok oT 100A. N3mepBaHeTo Ha CbNPOTUBMEHNETO NpU
BCAKO M3MEpBaHe Ce U3BBLPLLBA NP TeMNepaTypa Ha OKONHWA Bb3AYX + 5° C, kaTo ce nma
npeasna pasnukata ot okono 20 ° C ¢ TecTa.
/iamepBaHeTo Ha CHMPOTUBNEHVETO Ce U3BBPLIBA C MOCTOAHEH TOK C MarHuwTys He no-
BucoK OT 10% OT a.c. WanuTaTeneH Tok. BpemeHHUTE TOKOBW BPBL3KM, W3nonssaHu 3a
n3MepBaHe Ha CbMpPOTUBMeHneTo, TpAbsa Aa ObAaT Ha pascTosHne He no-manko ot 50
MbTU AMaMeTbpa Ha NPOBOAHMKA OT CbEAVHEHMETO 1 TpAbsa Aa 6baaT HarnpaBeHn Taka,
Ye fa ce OCblLecTBABA ePeKTUBEH KOHTAKT C BCUYKM TE3M HULWKA Ha NpOBOAHWKA, KOWTO
Grixa GUNM B3ETV NO4 BHUMAHWE NPV N3YUCIIABAHETO Heroarta eksneasieHTHa cenpoTuea.
YpepuTe, U3NON3BaHN 3a U3MEPBaHE Ha CbNPOTMBNEHNETO, TpsbBa Aa ca ¢ TouHocT 8o 1%
unn 0,5 uQ, KoeTo OT ABeTe € no-ronfAmMo, Korato ypeasT € kanubpupaH cpeLly
cepTvcbnUMpaHa cTaHAapTHa NeHTa Ha CbNpoTVBIEHNE.

1.2.4.5.2 amepBaHe Ha TemnepaTtypaTta
TemnepaTypute Ha CbeAVHEHUSTa W €TanoHHUTE MPOBOAHMLIM, BKIIIOHUUTENHO oKkonHata

cpena, ce U3MepBat ¢ TEPMO/ABOKM UM ¢ ApYrv NOAXOASLN CPEACTBA C TOUHOCT or2°C Q@

nnu no-gobpa.

3anucanarta TemnepaTypa Ha dyrata e Tasu Ha Hai-ropellara 4acT OT NoBbPXHOCTTa My.
TepmopBsoiikaTa Moxe unu aa 6bAe BkapaHa B Manbk 0TBOp, npoBuT B CbeANHEHNETO nnu
3aKperneH KbM BbHLIHaTa NOBbPXHOCT.

Bbpxy €TanoHHMs NpoBOAHUK TepMoaBoikuTe Tpsbea Aa 6baaT pasnonoxeHu B cpeaHarta
TOYKa M CUTYpPHO PAa3roNIOXKEHU, Wnu B Marnka Aynka, npoBuTy B TBBPA NPOBOAHUK, UK
ypes nnb3raHe MNOA HUWKATE Ha BBHLIHMA CNOM Ha MHOFOXMWMHUA NPOBOAHUK (BX.
Mpunoxerne B 1 B Ha IEC 61284).
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YcTpoicTBata 3a uMepsBaHe Ha TemrepaTtyparta Ha oKonHara cpefa no speme Ha
VU3MNUTBAHETO ce NOCTaBAT Taka, Ye Aa He ce BNUAAT OT pasceMBaHeTo Ha TomnuHaTa Ha
nanutTeaTenHarta sepura.

1.2.5 MNpoueaypa 3a n3nuTBaHe Ha TOMTMHHUA UKL

1.2.5.1 O6um nonoxeHus

V3nUTBAHETO Ha TOMMHHUSA UMK Ce CbCTON OT N LIMKNN Ha eNeKTpUu4ecko HaToBapsaHe.
BposT Ha unknute N ce nsbnpa ot TabnuuaTa no-gony:

N Tf (°C)
(umknu) MosuwasaHe Ha
| TemnepaTypara.
1000 70
500 100
100 | 130

Bcekn LMKb BKIIOYBA OTOMNUTENEH NEPUOA, B KOWTO MSNUTBATENHUAT TOK CE sapexga ot
U3NUTBaTENHUSA TOK, MOCMEABaH OT CriefBall| Nepuos Ha OxXnaxaaHe C USKITIOHeH TOK.
MN3AnTBaHETO Ha TOMMMHHUA LUKbLIT Ce U3BBbPLUBA C U3MNON3BaHE Ha NPOMEHNNE TOK

1.2.5.2 ®yru oT KNac A
1.2.5.2.1 MNpoueaypa Ha nanutsaxe

CbeavHeHusTa oT knac A ce usnuTeatr 4pes MeToaa Ha enexkTpUYecKnss LKL Ha
HarpsieaHe (N LuKnn), onvcaH no-gony.

1) N3nuTBaHETO Ce N3BbPLWBA BbPXY CbEAVHEHVATa, NIrOTBEHN B CLOTBETCTBME C TOHKa
1.2.3.3. cnepn KaTo YeTvpuTe CbeauHeHusa ca noctaBeHn B nanuTeaTenHns Bb3en, HO
npeau TONAMHHNS LKL, CbNPOTUBIIEHNETO Ha BCAKO ChEANHEHVE U CBMNPOTUBMNEHNETO Ha
eTanoHHVsl NPOBOAHMK Ce M3MEepBaT, KakTo € MOCOYEeHO B 1.2.4.5.1. Kato ce B3eme
npefBUA AbIMKMHATa Ha CbefVHEHMeTo, Torasa ce u3HncnsaBsa CBLNPOTUBNEHNETO Ha
exBUBaneHTHa AbimK1Ha Ha eTanoHHMA NPOBOAHUK.

2.) Cnep ToBa TOKLT 3@ W3NWUTBaHE NpemuHaBa npes ycTpoucteoTo. CTOMHOCTTa #
NPOABLIMKUTENHOCTTA Ha W3NUTBATENHUA TOK TpsGBa Aa O6baaT TakuBa, Ye Aa nosuwar
TemnepaTtypaTta Ha eTarnioHHUA NPOBOAHWK A0 Tf + 50C, Bk Tabnuuarta Haj okonHara
cpena v Aa NoAAbPXaT Tasn TemnepaTtypa B NPOABINKEHNE Ha 30 muHyTW. PaspeluaBa ce
M3MNON3BAHETO Ha MbpBOHaYasneH TOK CbC CTOWHOCT HEe no-ronsMa ot 150% ot
W3NUTBATENHUS TOK, 38 A2 CE OCUIrypyn YCKOPEHO 3apacTsBaHe, 3a Aa Ce Hamanu BpeMeTo 3a
noeuLwaBaHe Ha nposogHuka fo Tf + 5 ° C Hap okonHara cpeia.

3) B kpast Ha OTONNUTENHUA NEepVoA TOKBLT Ce NpeKbCBa U NPOBOAHUKBLT CE OCTaBsA Aa ce
oxnagn Ao 5 ° C Hap okonHaTa cpepa. fonycka ce NpWHyAUTENHO oxnaxgaHe 3a
HamanseaHe Ha BpeMeBUA LIUKbI.

4) Tasu nocrnepoBaTenHOCT Ha paGoTa ce nNoBTaps, Taka Ye Aa ce npunarat 0.1N uukbna
(£ 0.02 N umkbna) 3a oTonneHve n oxnaxaaxe.

5) B eguH cny4ai no BpeMe Ha nocnepHuTe net yukbna Ha 0.1N umkbna, TemnepaTtyparta
Ha NPOBOAHWKA W TemnepaTypata Ha BCAKO CbeAnHeHne TpsGBa Aa ce namepsar npes
nocnegHute 15 MuHyTK oT 30-MUHYTEH Nepuoa.

6) Crnep ToBa yCTpOWCTBOTO TpsibBa Aa ce OCTaBu Aa ce oxnaau JO OKonHaTa cpepa, a
CbNPOTUBIIEHUETO Ha BCAKO CbEAVHEHVE Ce M3MEpBa 1 3anncea.

7) Cnep ToBa TONSIMHHUAT LKL TpsbBa Aa NPOABITKM C U3MEpBaHe Ha Temnepartypara un
CbMNPOTVBIIEHNETO B Kpas Ha BCEKU 0,1 N uukbn, gokaTo 6bAAT 3aBbpLUEHN 0,5 N uuksna.
8) Cnep ToBa ce m3pbpwsar owe 0,5 N uvkbna ¢ usMepeaHe Ha CbNpPOTUBNEHWETO Ha
scekv 0,05 N umkbna v namepsaHe Ha Temnepartyparta Ha BCeku 0,1 N yukbna
CbeauHeHusTa He TpsabBa fAa ce 3aTAraTt unu perynupar no speme Ha N3NUTBaHETo.
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1.2.5.2.2 Kputepum 3a npuemaHe (CbeiMHeHNs oT knac A) )
Bcska CbBMECTHA YacT OTroBaps Ha CnegHuTe Kputepun. {)
1) HauanHoTO CbNPOTMBNEHVE HA CLEANHEHNETO HE TpabBa Aa ce pasnuyasa C nose o%
30% OT cpefHaTa CTOWHOCT Ha MbpPBOHAYANHOTO CBMPOTUBNEHNE Ha Bcsika OT 4etunpute
cbeaunHeHus, crnobexn 3a nsnuTsaHe.
2) TemnepaTtypaTa Ha NoBLPXHOCTTa Ha CbeANHEHNETO, nsmepera Ha Bcekn 0,1 N umkena,
KkoraTo npoTMYa TOK Ha UsNWTBaHe, He Tpsbsa Aa HagBuWwasa Tasn Ha eTanoHHUA
NPOBOAHUK.
3) EnekTpu4eckoTo CbNpPOTUBIIEHME HA CbEANHEHVETO, uamepeHo B kpas Ha Bcekn 0,1 N
uMKbNa Npu TemnepaTypa Ha okonHata cpeia, Heé TpA6sa pa Hapsuwasa 75% oT
N3MEPEHOTO CbNPOTUBMNEHNE Ha EKBIUBANEHTHATA Ab/KnHA Ha €TaNOHHNA NpOBOAHUK.
4) CpegHOTO CLNPOTUBIIEHWE Ha CbeAVHEHUETO Npes nocrnegnus 0,5 N uukbn He Tpabsa
[a HafBVLIaBa MbPBOHAYANHOTO CHAPOTUBIIEHNE Ha ChbeANHEHNETO C NoBEHE OT 50%.
5) M'pachuka Ha cbnpoTusaTa cpeuly Gpos Ha uuknuTe TpsbBa fa AoKaxe C pasymHa
BEPOATHOCT, Y€ MOBULLIABAHETO Ha CbMNPOTUBNEHNETO Npes NOCNeAHNTE 0.5 N unkbna e He
noeede oT 15% OT CPeAHOTO CHNPOTUBIEHNE 3a ChLMA NEPUoA. MeToabT, M3nonssaH 3a
onpenensHe Ha Tasn BeposATHOCT, Tpsibea Aa Obae B cboTBeTCTBME C npunoxexune [ Ha
IEC 61284.

MapameTpu Ha TecTa:

CrapTupaHe Ha TecToBusA Lmkbn: 15.01.2016

KpaeH Lunkbn Ha TECTOBUA LIMKBI. 17.02.2016
O6pasel 3a nanuTBaHe: 4 KOMNpecupaLium ryxu Muan
2 KOMMPECUOHHN dyri

ACSR 400

Knacudukaiums Ha cTaBuTe: knac A

Bpoi umknu 500

Makc. Temnepatypa 80 ° C
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3. Test set-up
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4. TectoBU pe3ynTaTu.

4.1. MbpBOHAYANHO CLNPOTUBIIEHNE 38 BPBIKATE (Bx 1.2.5.2.2-1)

OnbBaTenHy Knemu:

esting Laboratory

Pasnuka oT
MNepBOHa4a
Enek. 1HO NbpBOHaYa
WNapenne Cenporven CbMpPOTMBN NHO N3ncksaHe PesynTart
A eHvne P CbNpOTNBA y
eHune
eHne
[uQ/m] [LQ/m] [%]
3 R1 25.34 -0.8 MpemuHar
g mMakc. £30%
< R2 24.78 -2.98 or MpemuHar
z 25, 54 nbpBOHAaYan
= R3 25.45 0.36 roTo n
© : e cbnpoTUBRe pemunHat
A Hue
o) R4 26.60 4.15 MpemuHaT
CbeauHuTenn samexagycrbnove:
n Pasnuka ot
E BPBOHAYA
n. nHO nbpBOHa4Ya
Wspenve Cenpotvan CovnpoTtusn nHoTo M3nckeaHe PesynTar
eHne CBNPOTUBI
eHne
eHne
[WQ/m] [uQ/m] [%]
R5 25.58 -2.30 Passed
L% makc. £30%
5 5 R6 26.46 1.06 oT Passed
o NbpBOHAYan
S = 26.18 HOTO
% R7 25.74 -1.68 CLApPOTMBIE Passed
s Hue
R8 26.95 2.92 Passed

UancksaHe: HauanHOTO CbAPOTUBNEHME Ha CheluHeHueTo He Tpsibea fa ce pasnu4yasa
noseye OT 30% OT CpeAHaTa CTOMHOCT Ha MbPBOHAYaNHOTO CBMPOTUBIIEHWE Ha BCAka OT
YeTupuTe CbefUHEHUS!, CrnobeHn 3a n3nuTBaHxe.

M3nbaAHEHU ca KpUTepumn 3a npMuemaHe cbrnacHo 1.2.5.2.2-1
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4.2. MNoBbLPXHOCTHA TemnepaTypa Ha pyruTe (Bx 1.2.5.2.2-2)

OnbBaTenHn KNeMu:

Temperatures of Dead End clamps

[E]
Lo

T_conductor

50 T_ambient

Lo - = n ;4
40 — Jead end

Deadend 2

Temperature oC

s Daad end 3

20 e Dmad end 4
10
0
4] 100 200 300 400 500

Cycle
CbeauHuTenu 3a mexaycrenbue:

Temperature of Compression joints:

90

B0 ——r -

70
Q
g 60 T_conductor
% B0 e ——— T _ambient
T 40 7 R ————— joint 1
E 30 - joint 2

() s i —e=joint 3

10 B . joint 4

0

0 50 100 150 200 250 300 350 400 450 500
Cycle

U3auckeaHe: TemnepaTtypaTa Ha CbeANHEHNETO, N3MEPEHa Ha BCEKN 0,1 N uvkbna, korato
NpOTWYa TOK Ha M3NUTBaHe, He TpabBa Aa HaaBuLWaBa Tasn Ha eTanoHHUS NPOBOAHNK

Kputepuure 3a npuemMaHe CcbrnacHo 1.2.5.2-2 ca n3anbLNHEHU
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4.2, ENeKTPUYECKO CbNpoTUBNeHue Ha dyrure (Bux 1.2.5.2.2-3) ﬁ’

OnbBaTenHy Knemu:

Electr. Resistance of Deda End Clamps

60
50 i —
e —— —— e ——————
é_ 40 T_conductor
%.. -_— e e En an g, - T e e T T -~ - eeam wm =
o - = |imit
3 30
< —— " R Dead End 1
st e ——— - e ——.
%] ————
&‘n} 30 R Dead End 2
w R Dead End 3
10 R Dead End 4
0

0 50 100 150 200 250 300 350 400 450 500
Cycles

CobeavHuUTENM 3a MeXayCTbNove

Electr. Resistence of Compresion Joints

50
e . e L ————————

45

40 —
C:& 30 s T _conductor
© e —— e - — — o e | it
Q 25 e = =
5 R Joint 1
w20 s R Jo0INE 2
15 - .
nd R Joint 3

10 R Joint 4

0

0 50 100 150 200 250 300 350 400 450 500
Cycles

W3nckeaHe: ENeKTpUYecKOTO CbNPOTUBIEHNE Ha CbeAUHEHNETO, USMEPEHO B Kpas Ha BCEKU 0,1
N uuKbna rpu TemnepaTypa Ha okonHaTa cpeaa, He TpAbsa Aa HaaBuLIaBa 75% OT N3MEPEHOTO
CLNPOTUBIEHNE Ha EKBUBaANEHTHaTa AbMKUHA Ha €TanoHHWUA NPOBOAHWUK \

WU3nBbNHEeHW ca KpMTepum 3a npuemaHe cbrnacxo 1.2.5.2-3
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4.4. CpepHa yCTOMYMBOCT Ha CbeAMHEHNETO Npes nocneaHuTe 0.5 N yukbna (Bu

OnbBaTentn Knemu:.

CunpotusneHne OnbBatentu Knemu 1

Uuicnm [uQ/m] CpeagHo HauyanHo Paznuka sucksaHe
250 25.85 .
275 25.49
300 24.84
325 24.93 Cpeatoro
350 55 48 CbNPOTUBNEHUE
375 25.29 25.26 25.34 017% | HeTPAGBAAa | hoemuuan
400 25 28 HafBuLaBa
495 25 11 nprOHsaSIOa/.I'IHOTO
450 25.08 S
475 25.47
500 25.40

Lnknu CbnpoTusneHue OnbBatenHu Knemu 2

[uQ/m] CpeaHo HayanHo Pasnuka U3uckeaHe
250 25.55
275 24.90
300 25.21
325 25.32 Cpearoto
350 24 90 CLMpPOTUBNEHVE
375 24.70 25.05 24.78 1.09% HeTpAbBafa | hoomuHan
=0 25.00 nb::on:amiiizm
425 24.85 :
450 25.42 ¢ 50%
475 24.87
500 24.80
"4

| RWE Eurotest Gesellschaft fir Priifung - Engineering - Consulting mbH
Unterste-Wilms-Strafie 52 - D-44143 Dortmund - Tel: +49 (0)231 / 438 - 2861 - Fax: +49 (0)231 / 438 - 2634 « E-Mail: info @ rweeurotest.com
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CbnpotueneHue OnueatenHu Knemu 3

[HQ/m] CpegHo HauanHo Pasnuka WU3nckBaHe
250 25.36
275 25.27
300 25.36
325 25.47 Cpeatoto
350 25'94 CbMNpoTUBNEHNE
375 25.73 25.63 25.45 0.72% He TpAGBa Aa | L hemuman
200 2581 HagBvVLaBa
495 25.65 MbpBOHAYaNHOTO

. 50%
450 25.58 ¢ on
475 25.91
500 25.86
CunpoTtueneHne OnuBaTenHu Knemu 4
Uuknu

[uQ/m] CpenHo HauanHo Paznuka UN3uckBaHe
250 27.13
275 26.35
300 25.53
325 25.67 Cpeanoto
350 26.52 CBMNpOTMBNEHNE

375 26.29 26.22 26.60 1.42 ”IfaL'ffj:BT npemuHan
:gg gggg NbpBOHaYanHoTo
- 0%

450 25.75 ¢ °0%
475 26.47
500 26.40

o

{Unterste-Wilms-Strape 52 - D-44143 Dortmund - Tel: +49

RWE Eurotest Gesellschaft fir Prifung - Engineering - Consulting mbH
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Lnknu CweanHvTen 3a Mexayctbnove 1
" [HQ/m] CpepgHo HavanHo Pa3nuka UsuckeaHe
250 26.01
275 25.54
300 25.33
325 25.47 Cpearoto
350 55 72 CBNPOTUBNEHNE
375 25.55 25.60 25.58 0.07% He TPAbBA A | |hopypan
200 25 61 HagBuwasa
425 25‘45 MbPBOHAYANHOTO
- 50%
450 25.56 ©ou
475 25.72
500 25.62
Linknm CbeguHUTen 3a MexaycTbnoue 2
[uQIm] CpepgHo HauyanHo Pa3nuka A3sunckBaHe
250 25.97
275 26.19
300 26.29
325 26.44 CpeaHoTo
350 2678 CLMNPOTUBEHUNE
375 26.56 26.48 26.46 0.10% | HeTPtBaAd | nhemuman
200 26 63 HagBuwiasa
225 26'47 NbpBOHAYaNHOTO
. 0
450 26.54 c 50%
475 26.77
500 26.68 B

i

(‘ RWE Eurotest Gesellschaft fur Priifung - Engineering - Consulting mbH
Uhterste-Wilms-Strafe 52 - D-44143 Dortmund - Tel: +49 (0)231 / 438 - 2861 - Fax: +49 (0)231 / 438 - 2634 . E-Mail: info @ rweeurotest.com
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RWE Eurotest GmbH - Electrotechnical Testing Laboratory

T(?Q

[ CbeauHuTen 3a MeXxaycrbnbue 3 T
Lnkrm [HQ/m] | CpegHo HavyanHo Pasnuka M3nckBaHe
250 25.71
275 25.74
300 25.64
325 25.77 Cpeﬂgﬁme
350 26.26 cenpor
375 26.06 25.92 25.74 0.70% He TpAbBa Aa | hoyyHan
HagBuMWaea
Zgg %g% NbpPBOHAYANHOTO
: o
450 25.87 c 50%
475 26.25
500 26.15
Lnknm CbeauHuTen 3a Mexaycrbiibue 4
[MQ/m] CpegHo HauanHo Pasznuka WU3snckBaHe
250 26.50
275 26.19
300 26.52
325 26.67 CpeproTo
350 27 11 CBNPOTUBNEHNE
375 26.92 26.80 26.95 054% | HeTPAbEala | Lueuuuan
400 27.10 HapsuLlasa
425 26 91 n'prOHa(;Ioa.l'lHOTO
450 26.78 ¢ 50%
475 27.11
500 27.02 |

Uzuckeane: CpeaHOTO CbNPOTUBNEHME Ha CbEAUHEHNETO Npes nocneaHuTe 0,5 N uukbna He
TpsbBa Aa HaABVILLABa MbPBOHAYANHOTO CLIMPOTUBIIEHUE Ha CbE@ANHEHNETO C noseyve oT 50%

M3nbrHeHu ca KpuTepuu 3a npuemade ckrnacHo 1.2.5.2-4
5. 3aknwyeHue

OnveamenHama knema Kam.Ne 175 840.2 u cbeduHumensa 3a mexdycmuvnbue
Kam. Ne166 840.2, npemuHaxa mecma u noKpuxa UuckeaHuam cropeod IEC 61284

/\/\//\‘/\,f RWE Eurotest Gesellschaft fir Priifung - Engineering - Consulting mbH

{Unterste-WiIms—Stra[Se 52 . D-44143 Dortmund - Tel: +49 (0)231 / 438 - 2861 - Fax: +49 (0)231 / 438 ~ 2634 - E-Mail: info @ rweeurotest.com



TYPE TEST CERTIFICATE
PRUFZEUGNIS

ARTICLE | ARTIKEL: Suspension clamp envelope type |

Gabelhdngeklemme
ARTICLE NO. | ARTIKELNR.: 4301.10

REPORT NO. | BERICHTSNR.: 4301.10_2017

important Notice: Reproduction of any part of this report, duplication or distribution is strictly forbidden without prior written consent of
Mosdorfer GmbH. This report exclusively relates to the products, scope and conditions herein specified.

Wichtiger Hinwels: Die Reproduktion, Vervielfaltigung oder Verteilung eines Teils dieses Berichts ist chne vorheriger schriftlicher
Genehmigung durch die Mosdorfer GmbH strengstens untersagt. Dieser Bericht bezieht sich exklusiv auf die darin enthaltenen
Produkte, den Umfang und die Bedingungen.
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TYPE TEST CERTIFICATE
PRUFZEUGNIS

ARTICLE | ARTIKEL 4301.10

DESCRIPTION | BESCHREIBUNG Suspension Clamp envelope type | Gabelhé&ngekiemme
DRAWING | ZEICHNUNG F0402006 ~ Rev g

DATE OF INSPECTION | PRUFDATUM 29. July 2017

PLANT | WERK Mosdorfer Weiz

TEST ENGINEERS | TESTINGENIEURE Mr Dominik Krammer

MOSDORFER

SPECIFICATIONS | SPEZIFIKATIONEN XDIN EN 61284 (Anford. u. Prafungen fOr Armaturen)

CIDIN EN 61897 (Anford. u. Prifungen fur Schwingungsdémpfer)
CIDIN EN 61854 (Anford. u. Prifungen fur Feldabstandhalter)
ISO 1461 (Anford. u. Prufung des Zinkiberzuges)

OISO 10684 (Anford. u. Priffung Verbindungselemente Feuerverzinkung)

O
O

TESTS + RESULTS | TESTS + ERGEBNISSE Appendix A | Beilage A

CONCLUSION | ZUSAMMENFASSUNG:

All tests according above mentioned standards have been performed successfully. |
Alle Priifungen laut den oben genannten Standards wurden erfolgreich durchgefiihrt,

Page 2 of 13 ||
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k4
la

USED TEST EQUIPMENT | VERWENDETE PRUFAUSSTATTUNG

Tensile Testing Machine | Zugpriifmaschine 100kN[] 600kNO3  1200kNX

Charpy impact testing machine | Pendelschlagwerk O
Hardness testing machine | Hartepriifmaschine a
Spectro analytical machine | Spektralanalysegerat O
Caliper | Schiebelehre
Torque wrench | Drehmomentenschlissel X

Revision No. | Revision Nr. 1

Mosdorfer GmbH Mosdorfer GmbH

/

3asimyeHo no yAn. 36a, an.3 ot 30I‘I

-
Issued | Erstellt: Dominik Krammer Approved | Geprift: Mr. Christian Freismuth
Date | Datum: 29.07.2015 Date | Datum: 29.09.2017

!
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STANDARD ACC. TO 61284 © IEC: 1997-09

g’

Type Type Type
Clause Tast Tf;t Tyest Test
1 Visual examination § X X <
2 Dimensional and material verification E X é
3 Hot dip galvanizing .g X O s O
4 Non-destructive testing £ O é O 5 O
5 | Mechanical tests o = %
Damage and failure load test g £ X -'é X
Slip test 'ﬁ’ O % X z O
Clamp bolt tightening test g O § X £ X
Tensile test E a n O E X
Damage and failure load test of the § 0 @
attachment point used during erection g =
Magnetic losses test 2 O 0 O
Heat cycle tests O O O
Corona and RIV test O O d
] 4 ]
Nr. Prifung Typ- Typ- Typ-
priifung priifung prifung
1 Sichtprifung X X X
2 Prafung der MafRe und Werkstoffe D3 X
3 Feuerverzinkung & X O g O
4 Zerstorungsfreie Prifung 2 O O E O
5 Mechanische Prifungen E i
Schadens- und Versagenskraftprifung F X < X g X
Rutschpriifung E ] E X §, O
Schrauben-Andrehpriifung 'E O % X §
Zugpriifung £ O }g O ;E
Schadens- und Versagenskraftprifung E X O % X
am Befestigungspunkt, der bei der g g
Montage verwendet wird § = .
6 Prlfung der magnetischen Verluste O O N =5
7 Temperaturwechselpriifungen ] ] ]
8 Teilentladungs- und Funkstérspannungs- O O O
(RIV) Prifungen

A5

LMHL CRUPPL

Page 4 of 13 |I



Clause Test Type Type Type
Test Test Test
1 Visual examination ] X X
2 Dimensional and material verification X m
3 Hot dip galvanizing a | O g O
4 Non-destructive testing 355 O ° ) E O
5 Mechanical tests b § ' .2
Damage and failure load test '§ O E d % O
Slip test 8 O § O § O
Clamp bolt tightening test £ O o ] 2
Tensile test a X X E O
Damage and failure load test of the 0 N = 0
attachment point used during erection
8 Magnetic losses test O W O
7 Heat cycle tests O (W O
8 Corona and RIV test O 1 O
[] L] []
Nr. Prilfung Typ- Typ- Typ-
priifung prilfung priifung
1 Sichtpriifung X X X
2 Prifung der MaRe und Werkstoffe
3 ‘Feuerverzinkung 8 O O c O
4 Zerstdrungsfreie Prufung ‘E O I U E |
5 Mechanische Prifungen g b g
Schadens- und Versagenskraftprifung | 4 | - O g a
Rutschpriifung 5 U g O % O
Schrauben-Andrehpriifung E O 2 O g
Zugprufung '§ o« s O
Schadens- und Versagenskraftprifung E O O 2 O
Befesti it der bei d
Profung der magnetischen Verluste a a a
Temperaturwechselprifungen O O O
Teilentladungs- und O O [ -

Funkstérspannungs- (RIV) Prufungen

e

Page 5 of 13 I|



FURTHER TESTS | WEITERE TESTS

Clause | Nr.

Test | Prilfung

Remark | Anmerkung

9

10

11

12

13

14

<
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1 VISUAL EXAMINATION | 1 SICHTPRUFUNG

Applicable | , Date and signature |
Yes | J No | N R Ergebni
Anwendbar | Ja ©| Nein esult | Ergebnis Datum und Unterschrift
X Ol OK X NOK [T | 29.07.2015
Remark | Remark | Remark | Anmerkung : Dominik Krdmmer

Anmerkung: | Anmerkung | Iltem correlates with
drawing | Artikel stimmt
VA11-508 mit der Zeichnung
Uberein

2 DIMENSIONAL AND MATERIAL VERIFICATION |
2 PRUFUNG DER MARE UND WERKSTOFFE

Applicable . Date and signature
A:\‘:Iendbalr Y Ia8 No| Nein Result| Ergebnis Datum und U?\terschlrift
X || OK NOK [J | 29.07.2015
Remark | Remark | Remark |
Anmerkung: | Anmerkung: | Anmerkung: Dominik Krammer
VA11-508

.y

ﬂ Page 7 of 13 II



item | Artikel Suspension clamp I

Marking | Markierung | 120kN ; MO ; 40kA ; ©24-32 ; F0402006 ; MA = 45Nm ; 5/10 70
ZS060.131 ; MO ; ©24-32
MO ; @24-32 , ZD035.265

Tol. Tol. Tol. Tol. Tol. Tol. Tol.
N so EH8 ] o [HAE L gs LTS 1 gy LB 4y S k )
-1 15 -1 02 - 1,5 -] 25 -1 18 - =
1 50 21,1 76 281 114
2 50,1 20,6 76 279 114
3 50,1 20,8 75 278 114
4
5
Tol. Tol. Tol. Tol. Tol. Tol. Tol.
+ + + + + + +
N
1
2
3
4
5

<)

ﬂ Page 8 of 13 “
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3 HOT DIP GALVANIZING | 3 FEUERVERZINKUNG

EN ISO 1461 and EN 1SO 10684

Applicable | , Date and signature |
Anwendbar Yes| Ja No| Nein Result | Ergebnis Datum und Unterschrift
X o OK NOK [J | 29.04,2011
Remark | Remark | Remark |
Anmerkung: | Anmerkung: | Anmerkung: Dominik Krammer
VA11-508

Forgings + Plates |
Schmiedeteile + Platten
Specified value |

Castings | Gussteile
Specified value |
vorgegebener Wert:

Boits and Nuts |
Bolzen und Muttern
Specified value |

vorgegebener Wert: mean >= 80 ym vorgegebener Wert :
mean >= 85um mean >= 40 ym
mean min max mean min max l mean min max
1
2 1 71 55 76
3 2 69 57 81
3 82 75 98

4 NON-DESTRUCTIVE TESTING |
4 ZERSTORUNGSFREIE PRUFUNG

Applicable | \ Date and signature |
Anwendbar Yes| Ja No| Nein Result| Ergebnis Datum und Unterschrift
O X OK [ NOK [
Remark | Remark | Remark |
Anmerkung: | Anmerkung: | Anmerkung:

N\

KNAL ORUPPE

Page 10 of 13
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5 MECHANICAL TESTS | 5 MECHANISCHE PRUFUNGEN

5.1 DAMAGE AND FAILURE LOAD TEST |
5.1 SCHADENS- UND VERSAGENSKRAFTPRUFUNG

Applicable | . . Date and signature |
Anwendbar Yes| Ja No | Nein Result | Ergebnis Datum und Unterschrift
X O OK NOK (1 | 29.07.2015
Remark | Remark | Remark |
Anmerkung: | Anmerkung: | Anmerkung: Dominik Krammer
VA11-508
Test No. | Test Nr. | Result | Ergebnis [kN] | Remark | Anmerkung
2056 120 Nominal Load — NO Break | Nominallast - Kein
Bruch
136,7 stopped the test | Versuch abgebrochen
2057 120 Nominal Load — NO Break | Nominallast — Kein
Bruch
137.3 stopped the test | Versuch abgebrochen
2058 120 Nominal Load — NO Break | Nominallast - Kein
Bruch
1362 stopped the test | Versuch abgebrochen
5.2 SLIP TEST | 5.2 RUTSCHPRUFUNG
Applicable ) . Date and signature
Anwendbalr g oy No| Nein Result | Ergebnis Datum und U?lterschlrift
X O OK X NOK I
Remark | Remark | Remark | 29.9.2017 C.Freismuth
Anmerkung: | Anmerkung: | Anmerkung:
See VA15- ACSR Gannet
2084 @25,75mm
Test No. | Test Nr. | Resuit| Ergebnis [kN] Remark | Anmerkung
4717 35,65 No slipping at 29,4kN, Test PASSED
Kein Rutschen bei 29.4kN; Test BESTANDEN
4718 35,24 No slipping at 29,4kN, Test PASSED
Kein Rutschen bei 29,4kN; Test BESTANDEN
4719 35,71 No slipping at 29,4kN, Test PASSED
Kein Rutschen bei 29 4kN; Test BESTANDEN

Page 11 of 13 |I



o

5.3 CLAMP BOLT TIGHTENING TEST |
5.3 SCHRAUBEN-ANDREHPRUFUNG

B

MOSOORFER

i-,, R

‘ Applicable | | Yes | Ja

i

1
Date and signature | |

| Anwendbar | Nc_v | Nein | Result] E_rgebms | Datum und Unterschrift |
= 0 oK % NOK [1 | 20,07 2015

Remark | Remark | Remark |

Anmerkung: | Anmerkung: | Anmerkung: Dominik Krammer
45Nm : No break
45Nmx11=
49,5Nm : No break,
thread OK

5.4 TENSILE TEST | 5.4 ZUGPRUFUNG

Applicabie | .1 Date and signature |
! Anwendbar Yes | Ja No | Nein Result| Eﬁf_b"'s ‘ Datum und Unterschrift
O X as NOK (1 |
Remark | Remark | Remark |
Anmerkung: | Anmerkurig. | Anmerkung:

5.5 DAMAGE AND FAILURE LOAD TEST OF THE ATTACHMENT POINT
USED DURING ERECTION |
5.6 SCHADENS- UND VERSAGENSKRAFTPRUFUNG AM

BEFESTIGUNGSPUNKT, DER BE! DER MONTAGE VERWENDET WIRD

- =

Applicable | . . Date and signature |
Anwendbar Yes | Ja o Naln ‘ Result | Ergebnis | Datum und Unterschrift
0 O OK % NOK I3 | -
Remark | Remark | Remark |
Anmerkung: | Anmerkung: | Anmerkung: ‘
| = _ |
e Page 12 of 13 “
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6 MAGNETIC LOSSES TEST |

MOSDORFER
P,

)

6 PRUFUNG DER MAGNETISCHEN VERLUSTE

Applicabie . Date and signature
A:\':rendbalr Yes| Ja No| Nein Result| Ergebnis Datum und U?\terschirift
D24 0 OKE NOK [J | 28,7.2015
Remark | Remark | Remark | 5
|l Anmerkung: | Anmerkung: | Anmerkung: Dominik Krémmer
| V4-80 Test passed

7 HEAT CYCLE TESTS | 7 TEMPERATURWECHSELPRUFUNGEN

l Applicable | i X Date and signature |
Anwendbar Yes | Ja No| Nein Result | Ergebnis Datum und Unterschrift |
o &g LEE NOK [
Remark | Remark | Remark |
Anmerkung: | Anmerkung: | Anmerkung:
|

8 CORONA AND RIV TEST | )
8 TEILENTLADUNGS- UND FUNKSTORSPANNUNGS -

{RIV-) PRUFUNGEN

I

Date and signature |

9 FURTHER TESTS | 9 WEITERE TESTS

:::?na:::ealr Yes | Ja No| Nein Result | Ergebnis Datum u. Unterschrift
X . OK X NOK
Remark | Remark | Remark | Anmerkung:
Anmerkung: | Anmerkung.

Page 13 of 13 II
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Jloro MOSDORFER

Tunos cepTUdMKaT OT U3NUTBAHE

Ob6ekT: HocutenHa Knema BUCALL TUIN

O6ekTt N2 4301.10

Homep Aoknapa: Aoknag Ne 4301.10-2017

BaykHa 3abenexkka: BbanpousseKaaHeTo Ha KOATO U [ia € 4acT OT To3Mn oTYeT, AybnupaHeTo nnu
pasnpocTpaHeHWeTo e cTporo 3abpaHeHo 6e3 NnpeaBapUTENHO Cbrnacue

Mosdorfer GmbH. To3n goknazg ce oTHacA U3KAUYUTENHO A0 NOCOYEHUTE NPOAYKTH, 0BXxBaT M yCnoBuA.
BarkHa 3abenexxka: BbanpoussexgaHeTo, AybanpaHeTo nan pasnpocTpaHeHNeTo Ha KOATO M 4a e YacT
OT TO3M oT4eT e 6e3 npeBapUTE/IHO NMUCMEHO NpeausBecT1e

Paspelwenuneto ot Mosdorfer GmbH e cTporo 3abpaHeHo. To3u AoK/1aA € U3K/TIUNTE/IEH 33
CbAbp)KalmTE Ce B Hero

MpoayKkTu, 06xBaT ¥ ycnoBUA.

MNpesen: Mnagex METOAMES ......ovvervierernnene.




m

Tun cepTUPUKAT OT U3NUTBAHE

Ob6ekKr 4301.10

OnucaHue HocuTenHa KjeMma BUCALL TUIT |
YepTex FO402006 - Rev g

HaTa Ha nsnuteaHe 29.07.2017r.

3aBog, Mosdorfer Weiz

M3nuTeaw, nHxeHep Mr Dominik Kriimmer

CraHgapt DIN EN 61284

L] DIN EN 61897
L] DIN EN 61854
ISO 1461

[11SO 10684 (

[
O

Pesyntatu oT usnutesaHeTo MNpunoxeHune A

3aknioueHue:

BcuuKK TecToBe CbrNAacHO ropeuuTpaHmTe CTaHaapTH 6axa u3nbvaHeHu
YCRELHOo

Mpesen: MnhageH Metogunes

iVl



OBOPY/[1BAHE U3MON3BAHO MNPU TECTA

MaullrHa 3a U3NUTBaHe Ha ONbH

MaluurHa 3a TecT Ha gedopmauma npu yaap

MaltunHa 3a U3nuTBaHe Ha TBbPAOCT
MalunHa 33 cnekTpaneH aHanus
Oebenomep

AdUHamomeTpUuyeH Kntou

PeBu3sna No. 1
Mosdorfer GmbH

Moanuc: He ce YyeTe
yerte

M3sbpwmnn | Erstellt: Dominik Krammer
HaTta: 29.07.2015r.

100kNC] 600kN 0 1200kN

XX OO DO

Mosdorfer GmbH

Moanuc: He ce

Opobpun: Mr. Christian Freismuth
Hata: 29.07.2017r.

Mpesen: Mnagen Metoaves «%



CTAHOAPTHW Cbl'/1 61284 ©IEC: 1997-09

Tect

Busyanen
ornex

IIpoBepka Ha
pasMepHTe u
Marepmnana

Tect 3a
rajaBaHu3anus

Tecrtose 0e3
pazpyiiaBaHe

Mexannden
TecT

nedopmanus
u
paspyiaBaHe
Ha TOUNTE Ha
oKauBaHe

ITpunnb3Bane

bontosu
BPB3KH

OmbsH

nedopmarus
H
paspyLiaBaHe
Ha TOUHTE Ha
oKayBaHe

Tecr 3a
MarHMTHH
3aryou

Tecrt 3a
TOTIJIHHEH
LHUKBI

ApMaTypa 3a U30JIaTOPHU BEPUTH H M.3.B.

Tun Ha
TecTa

X

Hocurenun knemu

Tum na
TecTa

OmbpBaTenHy CheIUHEHNS H OITLBATE/IHU KIIEMH

Tun na tecra

Mpesen: MnageH Metogues



Kopona u
RIV tect

O

Tect

Busyanen
orien

IIpoBepka Ha
pasMepuTe u
Matepuana

Tect 3a
rajBaHu3alus

TectoBe 6e3
paspyliaBaHe

Mexanuuen
TecT

Jedopmanus
"
paspyiaBaHe
Ha TOYMTE Ha
OKa4yBaHe

IIpunns3Bane

BonroBu
BPB3KH

OnbH

nedopmanus
u
pazpyliaBaHe
Ha TOUMTE Ha
OKayBaHe

Tecr 3a
MarHuTHU
3arybu

Tect 3a
TOILUIMHEH
1HKDBI

Kopona u
RIV Tect

ApMaTypa 4aCcTHYHO HATOBAPEHA HA ON'bH

Tum Ha
TecTa

X

PemonTHH Myhu

Tumn na
TecTa

X

3aluTHA U30ATOPHA apMaTypa

Twun Ha TecTa

Mpesen: MnageH MeTOAMEB .......cvevirrecinninns

<



AOMb/THUTE/IHWN TECTOBE

My

Tect

3abenexxka

10
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1 BUSYANEH OIJIEL

Mpunoxumm [a HE PesyntaTt Jataun
noanuc

O OK 29.07.2015

3abenerkka 3abenerxka 3abenerkKa Dominik

VA 11-508 Krdmmer
Mpegmerta
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2 NMPOBEPKA HA PASMEPUTE U MATEPUANA
Mpunoxmnm [a HE Pesyntar Dataun
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Mpeamer HocutesnHa knema

OsHayeHue 120kN ; MO : 40kA ; @24-32; F0402006 i MA =
45Nm ; 5/10 70

25060.131; MO; 924-32
MO : ©24-32: 2D035,265
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3 TECT 3A TANBAHU3AUNA
EN ISO 1461 n EN ISO 10684
Mpunoxkmm | fla HE PesynrtaTt [aTta u noanuc
O OK 29.04.2011
3abenexkka | 3abenexka | 3abenexka | Dominik
VA 11-508 Krdmmer
KosaHu 4actu + nnouum OTnuBKMU Bontose u raitkm
Cneundunuympana CneundunuympaHa CneuyndurympaHa
CcToMHOCT >=85 pm cTorHocT >=80 um cToitHocT >=40 um
CPEeAHO | MUH | Max CpeAHO | MUH | Max CpeaHo | MUH | max
|
1
2 1 71 | 55 | 76
3 2 69 57 | 81
3 82 75 | 98
1
2
3

4, TECTOBE BE3 PA3PYLLUABAHE

Mpunoxmm | Aa HE Pesyntat [aTa n nognuc
O oK U
3abenexka | 3abenexkKa: 3abenexkKa

He e npunoxum
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5 MexaHunyeH Tect
5.1 Cuna Ha gedopmauua n paspyiiaBaHe

Npunoxum Aa HE Pesynrar JAara u noanuc
O OK 29.07.2015
3abenexka 3abeneskka 3abenexka Sebastian
VA11-508 Troppauer

Tect No Pesynrat kN 3abenexka
2058 120 | HomuHaneH TOBap
136.7 R bes cuynsaHe M3HMTBaHeT0_yC_neUJHO
2057 120 HomuHaneH Tosap
137.3 bes CHyI'IBaHe_VIEJ_ﬂMTBaHeTO ycneuIHo
2058 | 120 R HomuHaneH ToBap
136.2 bes cqynBaH_e WM3NUTBaHETO ;ICFELLIHO

5.2 U3nuTtBaHe Ha npunab3BaHe

Mpunoxmnm Aa HE Pesynatar [arta n nognuc
O OK
3abenexka 3abenexka 3abenexka 29.9.2017
VA-15-2084 ACSR Gannet C.Freismuth
225,75mm
' Tect Ne Pesyntat kN | 3abenexxa
[ 4717 35.65 HomwuHaneH ToBap

bes cyynsaHe U3NUTBAHETO ycnewHo

4718 | 3524 HomuHaneH ToBap

| Bes cuynBaHe M3NMTBAHETO YCMELLHO

4719 | 3571 HomwuHaneH Tosap

-

Bes cuynesaHe U3NUTBAHETO YCNEeLWwHOo

MNpesen: MnageH MeToOOMEB .......ccceerirennnnens




5.3 U3nuTBaHe 3aTAraHeTo Ha bontosete

Mpunoxkum | fla HE PesynraTt [aTta un
noanuc
] OK Dominik
Krdmmer
3abenexkKa 3abenexkKa 3abenexkKa
45Nm :Hama
cyvynBaHe
45Nm x 1,1 =
49,5Nm : Hama
cuynsaHe, Huwxka
Ok
5.4 N3nuTBaHe Ha ONbH
MNpunoxkum | [la HE PesynTtar Jata u
noanuc
H X oK [
3abenexkKa 3abenexka 3abenexxka
5.5 pedpopmauma 1 paspyllaBaHe Ha TOUMTE Ha OKauBaHe
| Mpunoxum | [a HE Pesyntat Hatau
‘ noanuc
O OK
3abenexKa 3abenexKa 3abenexka

MNpesen: MnageH MEeTOANEB .......coccvvveireernanne.
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6 MarsutHu 3aryou

")

IMpunoxum | [da HE Pesynrar Hara n
MIOIIINC
X Il OK 29.07.2015
3adesnexka 3abesexka 3abesiexka Dominik
V4-50 Krdmmer
VYcnenmno
IpeArHaBa
TecTa
7 3niTBaHe Ha TOIUIMHEH UKD
[Tpunoxum | [a HE Pesynrar Hataun
TIOJITINC
] OK [
3abernexka 3abenexka 3abernexka
8 Kopona u RIV Ttect
[MTpunoxumm | Jla HE Pesynrar Hara n
MIOJIINC
] OK
3abemexka 3abenexka 3albenexka

9 J1oIbJIHUTEIHU TECTOBE

W
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MOSDORFER
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Priifprotokoll Nr. V4-50

Test repert / Rapport d'essai

Kunde AR.EC. Auftrags Nr. vom
Customer Order No. from
Chent Commande no. du
Bestell Nr. Verfasser M. Lachmann Datum
Purchase No. Carrled out by Date
Warshenc. Fait par Date
gftrifﬁi Magnetic losses test on

el . . .
Obiet: suspension clamps No. 4301.13/0 (drawing No. F0402005) incl.

armour rods No. 4772.237 (drawing No. F1003008)
according to IEC 61284
Type of conductor: ACSR & 31,59 mm “Curlew”

General:

This type test is aimed at ascertaining the magnetic losses of suspension

05.04.2012

clamps and U-bolt type tension clamps for overhead line conductors (clamps
for earth wires are excluded). The test shall be carried out as agreed between

purchaser and supplier.

Test procedure

A power frequency current (see figure 11) shall be passed through a suitable
length of conductor and the power losses shall be measured both with and
without the fittings assembled on the conductor. Armour rods shall be applied
to the conductor if they are used in service. The test circuit geometry shall be
exactly the same for both measurements. In each case, the conductor shall be
allowed to reach its steady temperature. The conductor shall have the
maximum diameter for which the fitting is designed (=520 mm?). To measure
the power losses of the fitting, a minimum number of five units shall be
mounted on the conductor, spaced not less than 50 cm apart. The fittings
under test shall be complete with all components assembled as defined in the
supplier's drawing of the fitting. The test shall employ an a. c. voltage at a
frequency of 50 Hz or 60 Hz and the magnitude for the current shall be
according to table 2 of the IEC 61284 (=875A). In countries where metric
cables are not used, the test current shall be that of the smaller, nearest

equivalent metric size conductor.

MOSDORFER Ges.m.b.H. Tel.: +43/3172/2505-0 e-mail: office@mosdorfer.com ‘-‘
A-8160 Weiz f Austria Fax: +43/3172/2505-29 wwinv. mosdorfer.com

Mosderfergasse 1, P.O. Box 86 KNILL Gruppe
Sitz: Weiz, FN 85861 {, Handelsgericht Graz Bankverbindong: P.S K. Kto. 81.001.506, 8LZ: 80.000
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Priifprotokoll Nr.: Blatt Nr.: 2
Test report No. V4 ‘50 Page No.
Rapport d ‘essal no. Feuille no..

Acceptance criteria

The test is passed if the magnetic losses of the clamp are less or equal to «
times the power losses per unit length of the conductor. The condition
corresponds to the relation

are the power losses of the reference length of the conductor without
fittings, in watts;
P, are the power losses of the reference length of the conductor with
fittings, in watts;

L is the reference length of the conductor in metres;
N is the number of fittings mounted;
a is the evaluation coefficient. Unless otherwise stated by the purchaser or

supplier it shall be taken as equal to 1.

G T

Figure 11—~ Magnetic losses test

(i)
ER=
KNILL Gruppe
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Priifprotokoll Nr.. Blatt Nr.: ;
Terg rgpgrt?\io. ' V4"50 Paga: No,r 3
Rappert d'essai no. Feuille ne..
Results:
I = 875 A
P. =  278W
P, =  2725W
L = 5m
N = 5
o 1
-t
N L
272,5-278 278
<1
5 5
-1,1<€55,6

The suspension clamps type No. 4301.13/0 (Drawing No. F0402005)
passed the magnetic losses test according to the IEC 61284 successfully.

Documentation:

Picture 1: Two specimen including current-transformer <& \

KNILL Gruppe
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Picture 2: Suspension clamp including armour rods

Location of the test:
High voltage test laboratory VA Tech ELIN 8160 Weiz
Test engineers:

Mr.  Grinseis VA Tech ELIN
Mr. Ponsold VA Tech ELIN
Mr. Troppauer Mosdorfer

Used measurement equipment:

Current transformer : 500-4000 A

Transformer 0 + 6000 A
Wide band power analyser D 6100

Ing. Wolfgang Troppauer Martin Lachmann

L==r)
s
KNILL Gruppe



1AUSTRIA —
Prufprotokoll Nr. V4-50
TecTos NnpovoKon
AR.E.C. Auftrags Nr. vom
Kﬂ NeHT Order No. from Commande no. du
Homep Ha Verfasser M. Lachmann Datum 05.04.2012
3anBKarta Carried out by Date Fait par Date

TecT MarHnTHU 3ary6|/| Ha HOCUTENHU Knemu

ObekT No. 4301.1 3/0 (4eeTpex No. F0402005) Bkno4nTENHO
Moacunenn konose No. 4772.237 (4eptex No. Fl

003008) cbrnacHo IEC 61284
Tun Ha npoBogHuka: ACSR 031,59 mm "Curlew"

OcHoeHU!

To3u munoe mecm e HacoYyeH KbM ycmaHoesieaHe Ha MazHumHume 3a2ybu Ha
HosumenHueme knaemu u U-60n1m onbeamenHu KieMu 3a npoeodHuyume Ha e b30yUWHU
JIUHUU (USKITIOY@HU ca KJleMu 3a M.3.8.). MU3anumeaHemo ce usebpuiga 1o criopasymeHue
mexdy Kynyeaya u docmasyuka.

Tecmoea npoyedypa

Bucoko yecmomeH mok (ewx cpuaypa 11) wje npemuHe npe3 nodxodsauja ObJIKUHA Ha
npoeodHuUKa u 3az2ybume wje 6b0am usMepeHU cbC U 6e3 apmamypa NpuUKperieHa KbM
npoeodHuka. lModcuneHume konose we 6bOam MNpuKperneHU KbM [POGOCHUKA aKo
cbuwume ce usnonseam. leomempusima Ha usnumeamesiHusl Kpb2 we 6n0e edHakea 3a
deeme usmepaHusi. U e deama cnyyas, wje 60e Mo3eosieHo Ha MNPoeodHuUKa 0a docmuzHe
nocmosiHHa memnepamypa. lpoeodHukbm we uma mMakcumasneH duamembp 3a KOUmMo
apmamypama e npoekmupaHa (=5200mm2). 3a Oa ce usmepsim 3azybume Ha apmamypama,
MuHumaneH 6pol om nem eduHuyuwe 6L0am MoHMUpPaHU Ha NPO8OOCHUKa, C pascmosiHue
nomexdy um He no-manko om 50 cM. Apmamypama kosimo ce mecmea uje 6b0e 6b0e
MOHMupaHa ¢ 6CUYKU KOMIIOHeHmMu npedeudeHu e npoekma u. Tecma we exnwo4vea A.C
HanpexeHue 3 yecmoma 50 unu 60 xepya u MazHumyma Ha moka we 6b0e cba2racHo
mabnuya 2 Ha IEC 61284 (=875A).

&)

MOSDORFER Ges.m.b.H. Tel.: +43/3172/2505-0 e-mail: office@mosdorfer.com S

A-8160 Weiz / Austria Fax: +43/3172/2505-29 www.mosdorfer.com LT

Mosdorfergasse 1, P.O. Box 86 ENtl
'\ Grup

pe

/\X

Sitz: Weiz, FN 65861 f, Handelsgericht Graz Bankverbindung: P.S.K. Kto. 91,001.506, BLZ: 60.000
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Kpumepuu 3a npuemane

Tecma e npeMuHam ako MazHUMHume 3azy6u om Kiemume ca no-Masaku usu paeHu Ha
3a2y6ume Ha MouwjHocm Ha eGuHuya ObIDKUHaA Ha NpoeodHuUKa. CbecmosiHuemo
KopecnoHoupa ¢ epb3Kama

D v['i R
L <a- L

%
Ed

KboeTo

P. ca 3ary6uTe oT CbOoTBETHaTa AbMXWHa Ha NpoBoaHuKa 6e3 apmaTypa, BbB BaTOBE,
Pb ca 3arybuTe OT CbOTBETHATa AbMXWHA HA NPOBOAHVKA C apMaTypa, BbB BaTOBE;

L e cboTBETHaTA AbITXMHA Ha NPOBOAHUKA B METPY;

N e BpOoAT Ha MOHTUPaHUTE apMaTypu;

a e koeduLmeHTa Ha nsduncrneHne. OCBEH ako KynyBaYybT He NOCOUU APYro, Unm
JOCTaBYMK, TOW Ce cuMTa 3a paBeH Ha 1.

dur. 11 TecT 3a MarHuTHY 3aryéu
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MOSDORFER
Priifprotokoll Nr.:ii ¢ rn Blatt Nr.
Testrenort No. V_T"OU Page No.
Rapport d'essai no. Feuille no.
Pesynmamu:
1 = 875 A
Pc - 278 W
Po = 272,5W
L = 5m
N 5
a = 1
—_— ae— N
L
272.5.278 278
5 -5
1,1.55,6

HocurenHn knemm tun No. 4301.13/0 (Drawing No. F0402005) npemuHaxa
TecTa 3a MarHMTHM 3arybm cornacHo IEC 61284 ycnewHo.

dokymenmauyus:

= e g
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Rapport d'essai no.

Picture 2: HocutenHa knema

MecTononoxeHue Ha TecTa:
BucokoeontoBa tectosa nabopatopusa VA Tech ELIN

8160 Weiz TecToBM UHXEHEPU:
Mr. Grunseis VA Tech ELIN

Mr. Ponsold VATech ELIN
Mr. Troppauer  Mosdorfer
3nonaBaHo namepBaTenHo obopynsaHe:

Tokos TpaHccopmartop: 500-4000 A

TpaHcdopmaTop 0 £ 6000 A

BucokoyectoteH aHanusaTtop D 6100
Ing. Wolfgang Troppauer

3annyeHo no yn. 36a, an.3 ot 30MN
R~ 5 =S

A8l 2oz -
Martin Lachmann )




h voltage laboratory Sel

www.lappinsulators.de

Test Certificate No: 34/14

Test object : 400 kV Single Suspension Set for 2xACSR “BLUEJAY”.

Mosdorfer drawing no. : I_HS12H0011

LAPP- drawing no. : 12 K 1296 Mat.no: 7.095853.82.01.00
Overall height : 4005 mm, Arcing distance : 2962 mm.
Arcing accessories : With corona rings.
Customer : Tanzania Electric Supply Company Limited
Customer order no. :  5845218586. N
(1]
O
Participants : Mr.Joas Amos / Tanzania Electric Supply Co.Ltd, | ™7
Mr.Khalid Reuben James / Tanzania Electric Susf 5 g
Mr.Claudio Veron / Fichtner GmbH, # o M
Mr.Rindler Wolfgang / Mosdorfer <AuStria, ~ =
Mr.Liebl /LAPP Insulators GmbH - Selb, ¢/« _.,? ™
Mr.Meyer / LAPP Insulators GmbH — Selb. % g g
N (1]
Test result : The specified values could be verified, r§

the tests were passed successfully.

Date : 10. April 2014

. A
3ann4yeHo no 4n. 36a, an.3 or 30MN

Dr.-Ing. Jens Martin Seifert

General Manager BU LIKE

Innovative Products - R&D, Engineering & Consulting Services

LAPP insulators GmbH Customer

Copyright by LAPP Insulators GmbH, 2014. ! )
This technical document remains the property of LAPP Insulators GmbH. it must not, even in part, be reproduced or made #vailable
to unauthorized persons without the expressive consent of LAPP Insulators GmbH and may be used only for the agreed purpose.

.,
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LKE Type - Test report No. 34/14
High Voltage Laboratory Selb Page 1 of 15
Contents
Summary of the electrical test resulits Nominal Test

va'ues, result
or values acc.
to

specification

1. Lightning impulse test

1.1 Dry lightning impulse withstand voltage, positive 1425 kV"’ 1691 kV
Dry lightning impulse withstand voltage, negative 1425 kV" 1866 kV
1.2 50 % Dry lightning impulse flashover voltage, positive o 1759 kV
50 % Dry lightning impulse flashover voltage, negative |  --—--- 1941 kV

2. Wet switching impulse test

2.1 Wet switching impulse withstand voltage, positive 1050 kv" 1054 kV

Wet switching impulse withstand voltage, negative 1050 kV" 1055 kV

3. Corona test

4.1 Corona extinction voltage >267 kV 283 kV

4.2 Corona inception voltage e 289 kY

4. Radio interference test

4.1 Radio interference voltage at 267 kV test voitage <46 dB/200uV | 24,1dB/16 uVv
5. Appendix:

Photo oft the test's

High voltage laboratory Selb (top view)
Circuit diagram for test voltages
Oscillogram for lightning impulse voltage
Oscillogram for switching impuise voltage
Circuit diagram for RIV-test voltage
Drawing

1) Values acc.to IEC 60071, Part 1, tabie 3 S

3annyeHo no un. 36a,

an.3 ot 300N
i~
14
3aquﬂeuo noqn.‘36a, an.3 ot 300N 3anuquo no '-II'I. 363, !

v 1 ey o -

LAPP Insulators GmbH an.3 ot 30I1

it



LIKE
High Voltage Laboratory Selb
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Type - Test repor"t No. 34/14
Page 2 of 15

1.  Ascertainment of lightning impulse voltage

1.1 Lightning impulse withstand voltage

Withstand voltage test procedure D acc. to IEC 60060-1, subclause 7.3.1.4.

Withstand voltage (Uo) is: Uso = Uso (1-1,3s) deviation s = 0,03
test sample measured voltage (Uqp) Measured voltage corrected (Uyp)
no. positive polarity — negative polarity positive polarity — negative polarity
1 1585 kV 1706 kV 1691 kV 1866 kV

1.2 50 % Dry lightning impulse flashover voltage

Withstand voltage test procedure D acc. to IEC 60060-1, subclause 7.3.1.4, part b.

(Uso according the up - and - down method).

test sample measured voltage (Usp) measured voltage corrected (Usp)
no. positive polarity — negative polarity| positive polarity — negative polarity
1 1648 kV 1774 KV 1759 kV 1941 kV

Test specification: /EC 60383 part 2, 61109, and IEC 60060 - 1.

Ambient air conditions during testat  : 07. April 2014

Air pressure 949,9 hPa, temperature 20,3 °C, humidity rel. / abs. 40,6 % /7,12 gim®.

Correction factor to point no. 1.2

positive polarity - negative polarity
Air density correction fact. k1 0,937 0,937
Humidity correction fact. k2 1,000 0,975
Correction factor K, = k1'k2 0,937 0,914

The values of voltage are corrected, to an air pressure of 1013 hPa, a temperature of 20 °(}

and an absolute humidity of 11 g/m?®.

T

3a/iM4yeHo no 4yn. 363,

w4

3anunyeHo no 4n. 36a, an.3 ot 300

LAPP Insulators GmbH

N

an.3 ot 30I1
;ﬂw
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LKE Type - Test report No. 34/14
High Voltage Laboratory Selb Page 3 of 15

2. Ascertainment of wet switching impulse voltage

2.1 Wet switching impulse withstand voltage acc to IEC 60060 — 1, clause 8.3

Test procedure according to IEC 60060-1, subclause 8.3 and 7.3.1.2.

(Withstand voltage test procedure B, 15 impulses - max. two flashovers allowed).

test sample measured voltage measured voltage corrected
no. positive polarity — negative polarity positive polarity — negative polarity
1 1018 kV 1019 kV 1054 kV 1055 kV

Result: 15 impulses at positive and negative polarity without flashover.

Test specification: /EC 60383 part 2, 61109, and IEC 60060 - 1.

Characteristics of the artificial rain: Measured on 09. April 2014

Resistivity of the rain water 105,6 uS/cm at 16,7 °C.

rain intensities...... ) vertical component horizontal component
upper part 1,2 mm/ min 1,1 mm / min
middle part 1,3 mm / min 1,2 mm / min
lower part 1,4 mm/ min 1,2 mm/ min
Average 1,3 mm / min 1,2 mm / min

Ambient air conditions during test at  : 09. April 2014

Air pressure 949,9 hPa, temperature 20,3 °C, humidity rel. / abs. 40,6 % /7,12 g/ms.

Correction factor to point no. 21

positive polarity — negative polarity
Air density correction fact. k1 0,966 0,966
Humidity correction fact. k2 1,000 1,000
Correction factor K; = k1*k2 0,966 0,966

The values of voltage are correcteg to an air pressure of 1013 hPa, a temperature of 20 °C
and an absolute humidity of 11 g/m”.

| ] ( - "j
] =
% 3anunueHo no un. 3643,
¢ an.3 ot 300N

=" /
; 2

3anu4yeHo no un. 36a,

an.3 ot 30IM
LAPP Insulators GmbH

N d

3aaunyeHo no ua. 36a, an.3 or 30/

vi. 77 Y | W T e
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LIKE Type - Test report No. 34/14
High Voltage Laboratory Seilb Page 4 of 15

3. Ascertainment of corona voltage

3.1. Corona extinction voltage

The following corona extinction voltage values were ascertained:

Point of observation Glow off Streamer off
UeG UeB
Amor rod 283 kV No Streamer

3.2. Corona inception voltage

} The following corona inception voltage values were ascertained:

Point of observation Glow on Streamer on
Ug Ug
Amor rod 289 kV No Streamer

Test specification: IEC 60383 part 2, 61109, and IEC 60060 — 1 and similar to IEC 61284.
Ambient air conditions during testat  : 07. April 2014

Air pressure 949,9 hPa, temperature 20,3 °C, humidity rel. / abs. 40,6 % / 7,12 g/m®.

Correction factor to point no. 3.1 32

Air density correction fact. k1 0,998 0,998
Humidity correction fact. k2 0,998 0,998
Correction factor K; = k1*k2 0,996 0,996

The values of voltage are correctedato an air pressure of 1013 hPa, a temperature of 20 °C
and an absolute humidity of 11 g/m”.

3annyeHo no 4n. 363,
an.3 ot 30T
3a/iM4yeHo no 4n. 363, ~

an.3 or 300N =
3a21M4yeHo no un. 36a,

’ LAPP Insulators GmbH an. 3 oT 3 O I-I

I f,
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4. Ascertainment of radio interference voltage

4.1 At a radio interference test voltage of 267 KV, an RIV value of 16 pV was measured.

Measurement device : MPD, Type TMG.

Test frequency : 1 MHz.

Measuring impedance : 300 Q, Groundlevel : 6,0 uVv.
Correction factor for test set up is : 2,4

Test specification : IEC 60437.

Ambient air conditions during testat 07. April 2014

Air pressure 949,9 hPa, temperature 20,3 °C, humidity rel. / abs. 40,6 % /7,12 g/m®.

Calculation of RIV - value indB: Pu=201Ig U,/ U, Uy = 1pV.

1. Measurement series (corrected) :
I Testvoltage in
288 | 267 |243 218 | 194 | 170 | 146 | 121 97 73
) RIV-value
in uV 65 16 16 16 16 16 16 17 17 17
indB 36,3 | 241 | 241241 (241241241246 | 246 | 24,6
2. Measurement series (corrected)
Testvoltage in
kV 73 97 121 | 145 | 170 | 194 | 218 | 243 | 267 | 288
RiIV-value -
in yv 17 17 17 17 17 16 16 16 16 67
indB 246 | 246 | 246 | 246 | 24,6 | 24,1 | 241 | 24,1 | 241 36,5
3.Measurement series (corrected)
Testvoltage in
kV 288 | 267 |243 218 | 194 | 170 | 145 | 121 97 73
RIV-value
in v 67 16 |155 | 15 15 15 15 15 15 15
indB 36,5 | 24,1 | 23,8 [235 [ 235235 | 23,5235 (235|235
’ — D
3a/iM4yeHo no 4n. 36a
3a/iM4yeHo no 4yn. 363, ’
an.3 ot 300 an.3 or 30M
- S— /
7
LAPP Insulators GmbH 3anuquo no Yn. 36a’ )

Ve an.3 or 30N



LIKE Type - Test report No. 34/14
High Voltage Laboratory Selb Page 6 of 15

4, Ascertainment of radio interference voltage

, 4.1 At aradio interference test voltage of 267 kV, an RIV value of 16 yV was measured.

Graph in pV:

Measuring values of the 3rd measurement series (corrected).

80

: A
60 /
30 /

20
g R R N R

10
o £

RIV (uV)

73 97 121 146 170 194 218 243 267 288
Testvolitage (kV)

Graph in dB:

Measuring values of the 3rd measurement series (corrected).
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40

/|
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RIV (dB)

20
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‘llll LARAR LABEAE BB AREBELA

o

73 97 121 146 170 194 218 243 267 288
| Testvoltage (kV)

7 [
3anunyeHo no 4. 36a,
an.3 ot 30N 3ann4yeHo no 4n. 36a,

an.3 ot 300
LAPP Insulators GmbH
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Pict.2: 50% Ligthning impulse flashover test g e
P B ]
3anuueno no un. 362, 3annyeHo no YA. 364,
Dr. an.3 or 30N 4 e’
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5. Appendix

Pict.3: Corona inception voltage 289 kV on amor rod's

Pict.4: Corona extinction voltage 283 kV, e
Single suspension Set complete free of corona! &é\

3anwwenonown- 363, | 3g/lU4EeHO NO un. 36a, —
an.3 ot 30T ’

S 1 an.3 ot 30M
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5. Appendix

High voltage laboratory Selb ( top view)

3065m . »

=
- Q
&
l I D
E £ C 0 l
B T ~ ~ B
t 1 1 1t
IG Impulse Generator View A | Arrangement for
VD 1 | Voltage Divider (only for BiL and SIL) Power frequeny test
VD 2 | Voltage Divider (only for AC - Test)
TC Transformer Cascade View B | Arrangement for
AR | Artivicial rain device Impulse voltage test
AP Attachment point of test sample
CD | Command and control devices
/ﬁj'/ﬂ ( /'
3anuueno no un. 36a, 4 3annyeHo No un. 36a,

an.3 ot 300 i
| an.3 ot 30N
LAPP Insulators GmbH
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5. Appendix

Circuit diagram for test voltage

O ‘I_.__—_—l‘_-_l
RA
| Tr VD 2 s
O ¥

g

Circuit diagram for test with power frequency voltage

Tr | Transformer cascade 1300 kV 1300 kVA
Rd | Protecting resistor 20 kQ

VD 2 | Voltage Divider 1300 kV_ 300 pF
TS | Test sample

3000 kV impulse generator

voltage divider

and switching i

Cs
Rd
Re
Cb
5

um:
: lgnition spark gap

S

3annyeHo no un. 36a,

Dr an.3 or 30N hd

Ise volta 2

: Main capacitor
: Damping resistor
: Discharging resistor

. Parallel copacitor
: Test sample

Measured vollage

LAPP Insulators GmbH

- -

Curcuit diogram for test with lightning Impuise voltage 1,2/50 us

26700 pF
282 Q / (45kQ switching voltage)
1920 Q2 / (180 kQ switching voltage)

800 pF
Voltage diivider
R1 : Resistor 0,353 Q
C1:Caopacitor  279,2 nF
Rh : Resistor 720 ©
Ch : Capacitor 130 pF

an.3 ot 30I1

-

. .g/,’f'/\

3ann4yeHo no yna. 36a, -
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Oscillogram for lightning impulse voltage

Positive polarity

oo e, PR l
N
/ ERNE
| N
/ 1™
Time scale1cm =1,0 us Time scale 1 cm =10 ps
T4: Front Time = 1,12 ys T,: Time to half value = 43,7 us
Negative Polarity
\ =
\ - /’/
\\ /
[\ A
Time scale 1 cm =1,0 ps Time scale 1cm =10 s
Ti: Front Time = 1,12 us T,: Time to half value = 43,7 us
S

3anuuyeHo no un. 363,

D. an3oron y | 3aJINMEHO no 4n. 36a,
LAPP Insulators GmbH a n.3 oT 30” %"
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5. Appendix

Oscillogram for switching impulse voltage

Positive polarity

S :
N, | g
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e
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R |

PR il il taliatd

Time scale 1cm =50 us
To: Time to peak = 250 ys

Time scale 1 cm = 500 ps
T,: Time to half value = 2510 ps

Negative polarity

\
Ao

haas did i o

R— ——

\ ;

e 41
] I R T o
]
i
{

!

Time scale 1 cm =50 ps
To: Time to peak = 250 ys

Time scale 1 cm = 500 ys
T,: Time to half value = 2510 ys

3anunyeHo no un. 363,
an.3 ot 300N
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LAPP Insulators GmbH
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5. Appendix

Circuit diagram for RIV - test

Rd
Coax
Tr VD2
. 4
! 1 H M
O~ &

TR: Transformer cascade 1300 kVA

Rd: Protection resistor 20 kQ

VD 2 Voltage Divider 1300 kV_ 300 pF

TS: Test sample

CK: Coupling capacitor 1000 pF

Qp: Quadripole 300 Q

M : Measurement equipment MPS, Type TMG

*

3annyeHo no un. 36a, § 3aanEHO no un. 363)
an.3 ot 300

| | od an.3 ot 30I1

LAPP Insulators GmbH
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Jloro LiKE

CbobpKaHne

Tunos — MpoTokon ot nsnutsaHe 34/14

Crp. 10115

0606LeHWe Ha pesynTaTuTe OT
e/IeKTPUYECKUTE TecToBe

HomMWHanHu CTOMHOCTY, UK
CTOMHOCTHM CbF .
Cneuudumakums

PesyntaT ot usnutesaHeTo

1. MbaHueB nmnync

1.1. U3pbpkaHo NnpobusHO
HanpeXeHue, NONOXKUTENHO

1425 kv Y

1691kV

MU3abpKkaHo NpobuBHO
HanpeXeHue, OTPULLATENTHO

1425 kv Y

1866kV

1.2. 50% BnaxKHOCT gbra
NOJIOXUTENHO HANPEXKEHNE

50% BnaxKHOCT Abra
OTpULATENHO HAaNpeXXeHue

2. Mokpo npobusHo
HanpexeHue

1050 kv ¥

1054kv

2.1 Mokpo npobusHo
HanpeXkeHue, NOAOXKUTENHO

1050 kv Y

1055kVv

Mokpo npobusHo
Hanpe)KeHne, OTPULLATENIHO

3. KopoHa Tect

4.1 Hanpexexue 6e3 KopoHa
edeKT

>267 kV

283kv

4.2. HanpekeHune npu nossa
Ha KOpOHa epeKT

289kvV

4., TecT 3a pagno CMyLeHUA

4.1 BonTtax paguno cmyLueHuns
npu 267kV Tectoso
HanpexeHue

<46dB/200uV

24.1dB/16pV

5. MpunoxeHua:

CHUMKM OT TecToBeTe
PasnonoxeHue Ha
BUCOKOBONTOBaTa
nabopatopua (norneg, otrope)
Cxema 33 U3nUTBaHMATA NO
HanpexeHue

Cxema 3a n3nuTBaHMATa Ha
MBAHUEB UMNYAC

Cxema 3a U3NMUTBaAHMATA Ha
npobusBHO HanpexxeHune
Cxema Ha RIV-tecT
YepTexu

1) CroitHocTu cbrnacHo IEC 60071, yact 1, Tabauua 3

LAPP Insulator GmbH
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Noro LIKE Tunos — MpoToKkon ot usnuteaHe 34/14
’W Ctp. 20115

m o
\ .';'

1. KoHcTaTMpaHe Ha HanpeXXeHne MbaHKueB UMNYJ/C
1.1. MbaHMEB UMNYNC U3ODPKAHO HANPeXKeHue
N3nuTBaHe 3a M34bprKaHO HanpexeHne npoueaypa D cvra. IEC 60060-1, noaknaysa 7.3.1.4.

U3abpxkaHo HanpexeHue (Uio) e: Uio = Usp(1-1.3s) oTknoHeHue s = 0.0.3
U3nuTBaHa MamepeHo Hanpexerune (Uio) M3mepeHo HanpexeHre kopeuus (Usg)
o6paszeuy Ne MonoXxKuUTENAHA NOASIPHOCT — OTpULAaTeHA NOAAPHOCT MonoxKuUTEAHA NOAAPHOCT — OTpULaTeNHa NOASPHOCT
1 1585 KV 1706kV 1619kV 1866kV 1

1.2. 50% BnaXKHOCT Abra, HanpeXeHue
M3nuTsaHe 3a U3AbPIKaHO HanpexkeHue npoueaypa D cora. IEC 60060-1, nogknaysa 7.3.1.4., yactb
(Uso cbrnacHo meTtoga Harope 1 Hagony)

M3nuTBaHa M3mepeHo Hanpexexue (Uio) M3mepeHo HanpexeHue kopeuma (Uio)
obpase No MNonoxkutenHa nonapHocT — OTpuuaTenHa NnoaspHOCT NonoxxntenHa nonapHocT — OTpuuaTeiHa NoAAPHOCT
1 1648 kV 1774 kV 1759 kV 1941 kV

CraHpapT Ha usnutsaHe |EC 60383 uact 3. 61109, u IEC 60060-1

CbcToAAHME Ha OKOJIHATa cpeja No Bpeme Ha M3NUTBAHETO Ha : 07.04.2014r.
HanaraHe Ha Bb3ayxa 949.9 hPa, Temnepatypa 20.3 °C BNAXKHOCT 40.6% / 7.12g/m3
1.2
KopeKumoHHn KoeduuneHTH no Touka Ne
NonoxuTenHa NONAPHOCT — OTpULaTeNHa NOAAPHOCT

MABLTHOCT Ha Bb3Ayxa kKoed. K1 0.937 0.937

BnamHoCT Koed. K2 1.000 0.975

KopekunoHeH koepuumenT Kt = k1¥k2 0.937 0.914

CroiiHoCTUTE Ha HanpeXKeHUETO ca KOpUrMpaHU Ha Bb3ayLwHo HanAraHe 1013hPa, Temnepatypa
20°C v nabTHOCT 11g/m?3

LAPP Insulator GmbH

: r,-\_/‘\._/'i
A

i



Noro LIKE Tunos — MpoToKkon ot uanutsaHe 34/14
B Crp.30715

10,

2. KoHcTaTupaHe Ha MOKpPOTO NpobMBHO HanpexeHue 3

2.1. U3abprkaHa CTOMHOCT Ha MOKPOTO NPobuBHO HanpekeHune — cbir. . IEC 60060-1, knaysa 8.3

Mpoueaypa Ha usnutsaHe cbra. IEC 60060-1, nogknaysa 8.3 mn 7.3.1.2.

(M3abpkaHO HanpexXeHWe usnuTeaTenHa npoueaypa B, 15 nmnynca — 2 gbru makcumanHo

no3Bo/ieHn)

M3nuTtBaHa MN3mepeHo HanpexeHune M3mepeHo HanpexeHue kopeums (Uqo)
obpaseu Ne MonoxutenHa noasapHoct — OTpuLaTenHa NoAAPHOCT MonoxuTeNnHa NoNAApHOCT — OTpUuaTeanHa NoAAPHOCT

1 1018 vV 1019kV 1054kV 1055kV
Pe3ynTaT: 15 nmnynca C NONOXKUTe/IHa U OTPUUATENHA NONAPHOCT 6e3 Avra.

CraHpapT Ha usnursaHe: IEC 60383 vacrt 2, 61109 u IEC 60060-1
XapaKTepuCTMKu Ha okonHuA abxa: M3mepenu Ha 09.04.2014r.

CbnpoTUBAEeHME HA AbXKAOBHATA 8oaa 105.6 uS npu 16.7°C
MHTEH3MBHOCT Ha AbXAA....... BEPTUKA/NHA KOMMOHEHTa XOPWU3OHTANHA KOMNOHEHTA
ropHa 4acrt 1.2 mm/MUH 1.1 mm/muH
cpeaHa yact 1.3 mm/MUH 1.2 mm/muH
AOJIHA YacT 1.4 mm/MUH 1.2 MM/MUH
cpegHo 1.3 mm/muH 1.2 Mm/MUH
CobCcTOoAHME Ha OKOJIHATa cpeda No Bpeme Ha U3NUTBAHeTo Ha : 09.04.2014r.
HansaraHe Ha Bb3ayxa 949.9 hPa, Temnepatypa 20.3 °C BNIAXKHOCT 40.6% / 7.12g/m3
KopeKunoHHM KoedurupueHTn no Touka Ne 21
NMonoxkutenHa NONAPHOCT — OTpMLI,aTe.I'IHa NONAPHOCT
NAbTHOCT Ha Bb3gyxa Koed. K1 0.966 0.966
BnaxHocT koed. K2 1.000 1.000
KopekuuoHeH koebuumenT Kt = k1*k2 0.966 0.966

CTOMHOCTUTE Ha HanpeXXeHMeTo ca KOPUrMpaHU Ha Bb3AyWHO HanaraHe 1013hPa, Temnepatypa
20°C u nabTHOCT 11g/m3

LAPP Insulator GmbH




Noro LiKE Tunos — NpoToKkon oT uanuTeaHe 34/14
Crp.40115

/{g.:.
W [, ,_J(_,.

3. KoHcTaTMpaHe Ha HanpeXeHMeTo Ha KOPOoHa

3.1. YcTaHoBsiBaHe Ha CTOMHOCTTA Ha HanpeXeHueTo 6e3 KopoHa.

be onpeaeneHo cneaAHOTO HanpeXXeHue Ha 3aTuxBaHe Ha KopoHarta.

TouyKa Ha Glow off 6e3 nsnvuBaHe
nscneapaHe UeG UeB
3auTeH por 283kV 6e3 usbuBaHe

3.2. YcraHOBABaHe Ha CTOMHOCTTA Ha HanpeXeHWeTo Ha Bb3HMKBAaHe KOPOHa.

To4Ka Ha Glow on C U3NbYBaHE
nacnensaHe UnG UnB
3awmTen por 283kV 6e3 usnvyBaHe

CraHaapT Ha usnuteaHe: IEC 60383 uacr 2, 1 IEC 60060-1 n cxoaHo Ha IEC 61284

CbcToAHME Ha OKONHATa cpea No Bpeme Ha U3NUTBAHETO Ha : 07.04.2014r.

HanaraHe Ha Bb3ayxa 949.9 hPa, TemnepaTtypa 20.3 °C BNAXHOCT 40.6% / 7.12g/m?
KopeKumoHHM KoedurumeHTn No Touka Ne 31 3.2

MABTHOCT Ha Bb3ayXa koed. K1 0.998 0.998

BnaxkHocT koed. K2 0.998 0.998

KopeKuuoHeH KoedpuumeHT Kt = K1*¥K2 0.996 0.996

CTOMHOCTMTE Ha HanNpPeXXeHNeTo ca KOpUrMpaHu Ha Bb3AyWHO HanaraHe 1013hPa, TemnepaTypa
20°C u nawbTHOCT 11g/m3

LAPP Insulator GmbH
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Noro LiKE Tunos — MpoTokon oT usnuteaHe 34/14

@_ Crp. 50115
e
4. KoHcTaTMpaHe Ha HanpeXeHueTo Ha pagno cMmyLleHun "
4.1. Mpu TECTOBO HaMNpPEXeHUe Ha Pagno CMyLLEHUA OoT 267kV u cToiHoCT Ha RIV oT 16V 6e nsmepero.

N3mepBalLo yCTPOKCTBO : MPD, Tun TMG

TecToBa yecToTa : 1 MHz.

N3mepeH nmnegaHc - 300Q, 3emHo HuBo: 6.0uV
KopeKuunoHeH ¢pakTop Ha TecTa : 24

CTaHAapT Ha u3nuTBaHe ’ : IEC 60437

CbCcToAHME Ha OKONHATa cpefa No Bpeme Ha U3NUTBAHeTO Ha ! 07.04.2014

HanaraHe Ha Bb3gyxa 949.9 hPa, Temnepartypa 20.3 °C BAAXKHOCT 40.6% / 7.12g/m?3
MN3uncnasaHe Ha cToHocTTa Ha RIVB dB Pu =20 Ig Ux/Uy Ui=1uv

1. UsmepBaTenHa cepua (Kopurupana):

Testvoltage in | , ‘ -
kv 288 | 267 243 | 218 [ 194 | 170 | 146 | 121 | 97 73

RIV-value
in PV 65 | 16 | 16 | 16 | 16 | 16 | 16 | 17 | 17 | 17 |
in B ] 363 | 24,1 | 24,1 | 241 | 24,1 | 2471 | 24,1 | 246 | 246 | 248

2. U3mepsatenta cepua (KopurupaHa:

Testvoltage in
kV 73 97 | 121 | 145 | 170 | 194 | 218 | 243 | 267 | 288
RiV-value
in yVv 17 17 17 17 17 16 16 16 16 67
indB 246 | 246 | 246 | 246 | 246 | 241 | 241 | 24,1 | 24,1 | 36,5

3. U3mepeBaTeniHa cepus (KopurupaHa):
[Testvoltage in
kV

288 | 267 |243 | 218 | 194 | 170 | 145 | 121 | 97 | 73

[ RIV-value
in yvV 67 16 |15,5 15 15 15 15 | 15 15 15
indB 36,5] 24,1 | 23,8 |23,5 | 23,5 | 23,5 | 23, 23565 | 23,56 | 23,5

LAPP insulator GmbH




JNoro LiKE Tunos — MpoTokon ot usnuteaxe 34/14

P Crp.60T115
e
4. KoHcTaTupaHe Ha Hanpe)XeHrMeTo Ha pagmo CMyLLEHNA I'H.
4.1. Tpu TECTOBO HanpesKeHue Ha paano cmyluerus ot 267kV u ctoitHocT Ha RIV oT 16V 6e nsmepeHo.

lpadpuka 8 pVv
M3mepeHu CTOMHOCTU Ha 3-Ta U3mepBaTeNHa cepus (KopurupaHa).

80
70
60
50

40 - /

3¢
20 éj
~> <> e

10
0

'l'l'l'l'1'rl|’|'lm L
St

RIV (V)

738 97 121 146 170 194 218 243 267 288
Testvolitage {(kV)

lpaduka B dB
U3mepeHn CTOWHOCTU Ha 3-Ta U3MepBaTeNHa cepus (Kopurupada).

50 E
40
@ 30 E /
E 20 F
10 E ~
0o &

73 97 121 1486 170 194 218 243 267 288
Testvolitage (kV)

LAPP Insulator GmbH

/U,,v Jf




Noro LIKE Tunos — MpoTokon oT usnuteaHe 34/14
Crp. 70115

5. MpunoxeHue

dur.1 CHMMKa Ha HacTpoiikaTta

LAPP Insulator GmbH
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Noro LIKE Tunos — lMpoTokon ot nanuTeaHe 34/14

Ctp. 80115
5. MpunoxeHue W@V
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Noro LiKE Tunos — MpoTokon ot usnuteaHe 34/14
Crp.90t115

I .:[J.
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5. MpunoxeHune v

dur. 3: Mposepka 3a KopoHa npu 289kV Ha 3awmTHUA por

dur. 4 HanpeeHue Ha noracasaHe 283kV
EanMHUYHa HocuTenHa sepura 6e3 kopoHal

LAPP Insulator GmbH
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Noro LIKE Tunos — MpoTokon oT usnuteaHe 34/14
{ Ctp. 100115

5. MpunoxeHune

PasnonoeHue Ha BUCOKOBOITOBaTa nabopaTtopua (norneg otrope)

e

—306m - s

f-—'F}‘
|

O PR EESERERER aum-__;q--ém:-—iTg
A VD1 - C) JIG

B
t

+—B.0m
le—7.0m

IG [eHepaTop Ha UMNyACH Wsrneg A TMoapeaeHo 3a

vD1 Jenuten Ha HanpexeHue (camo 3a BIL u SIL) M3NUTBAHE C HANPEeXKeHue C NPOoMULWANEHa YecToTa
VD2 Jenuten Ha HanpexeHue (camo 3a AC TecT)

TC KackageH TpaHchopmaTtop U3rnean B MoapeneHo 3a

AR YCTPOMCTBO 3a W3KYCTBEHO SbXKA, M3NUTBaHE C UMNYNCHO HanpeXeHne

AP TouKa Ha OKauBaHe Ha TectoBaTa npoba

CD KOMaHAHO M KOHTPOHO YCTPOWCTBO

LAPP Insulator GmbH
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JNloro LIKE

5. NpunoxeHue

Tunos — MpoToKkon oT usnurteaHe 34/14

Cxema 3a M3NUTBALLOTO HanpexeHne

Crp. 110115

o  m— +
R
l i VD 2 "
o “— 4 +
Cxema 3a TECT C HanpeXeHne C NPOMULLIEHa YecToTa
Tr KackapeH TpaHcpopmatop 1300kV  1300kVa
Rd 3aWMTHO CbNpPOTUB/IEHNE 20 kQ
VD 2 Ddenuten Ha HanpexeHue 1300kV  3000F
TE N3nuTBaH obpasey,

Cxema 33 M3NUTBaHE 33 MbAHUEB umnyac 1.2/50uS v npobueHo HanpexkeHue 250/2500 pS

Cs :OCHOBEH KOHAEH3aTOp 26700Pf

Rd : 3arnywasauy, pesuctop 2820/(45 k Q npo6MBHO HanpexKeHue)

Re ! paspemaall, pesucrop 19200/(180 K Q npobusHo HanpexeHne)

Cb : YcnopeaeH KoHaeH3aTop 800pF

Ts : U3nutBaH obpasey [enuten Ha HanpexeHue

Um : U3amepeHo HanpexeHne R1 : Pesuctop

S : 3ananBaLio UCKPOBO Pa3CTOAKME Ci : KongeHnsartop
Rh : Pe3ucrop
Ch : KoHpeHsaTop

LAPP Insulator GmbH
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Noro LiKE Tunos — MNpoTokon oT u3nuTsaHe 34/14

Crp. 120715
\ \
5. MpunoxeHune f/}
Ocumnorpamu 3a MbAHKUEB UMAYAC
Pesitive polarity
N
! s
lj e
f v "-\..,____\_‘
Time scale 1 cm =1,0 ys Time scale 1 cm =10 ps
T1: Front Time = 1,12 ys Tz: Time to half value = 43,7 us
Negative Polarity
\ =
\ el
\ o sl
\ Pl
o
Time scale1em=1,0 pé Time scale 1 cm=10 ps
Ty: Front Time = 1,12 ps Tz: Time to half value = 43,7 ps
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Noro LIKE Tunos — NpoToKon oT usnuteaHe 34/14
Crp.13 0715

5. MpunoxeHune

Ocuunorpamu 3a npobuBHO HanpexeHune

Pasitive polarity
— | — i = 1 T‘
“ | 1
B S R P etnte S SEU _ ! e '
G EEEE - ——y— E— "-\. - ~:|‘.-
L L T ,
%"‘ 7 ; S S b
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Time scale 1 cm = 50 ys Time scale 1 cm = 500 ps
T.: Time to peak = 250 ps T,: Time to half value = 2510 ps
Negstive polarity
i i (i - T |
\ ; g | sl i I S g (e (S0 (S
1 \5 : ’i ‘ ‘1 i
! ‘.\ i __‘]Ij____,_l__, - -
R R o i i - Tt Aot --r:/ e i * .
] ¥ ,r“"
NS 1] L ~
b h l 1 |.r"
M~ I . - S N 9
‘ = | > B
“ o ; : 1
L , ] L P
Time scale 1 cm =50 ps Time scale 1 cm = 500 ps
Ta: Time to peak = 250 ys T.: Time to half value = 2510 s

LAPP Insulator GmbH
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JNoro LiKE

5. MpunoxeHune

#_——w—

Tunos — MpoTokon oT nsnuteaxe 34/14

}/ﬁ Crp. 140115

Cxema 3a RIV —TecT

i Coex1.2m

TR: KackageH TpaHcoopmatop  1300kVA
Rd 3awuTteH pesuctop  20kQ
VD 2 Jenuten Ha HanpexkeHne 1300kV 300pF
TS N3nutBaH obpasel,
CK CBbp3BaL KoHZeH3aTop 1000 pF
Qp Quadripole 300Q
M N3mepBaTenHo obopyasaHe MPS, Tun TMG

LAPP Insulator GmbH
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Tunos — MpoTtokon ot usnuteaxe 34/14
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5. MpunoxeHune
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SAPREM s

S.A. DE PREFORMADOS METALICOS

DEAD END AND FULL TENSION SPLICE TYPE
TEST

REF. RAAC 108-112 AND ETMAC 108-112

Lugar de Ensayos: Laboratory of SAPREM
Ctra..de Estella, s/n
31868 IZURDIAGA — IRURTZUN (Espafia)

Date of tests 27 of July 2.012
Personnel present Luis Astiz - SAPREM Quality Manager

Carlos Zubiria - SAPREM Quality Inspector

<

lzurdiaga, 27 of July 2.012
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SAPREM RAAC 108-112 / ETMAC 108-112 VW
: DEAD END and FULL TENSION SPLICE TYPE TEST 4

S.A. DE PREFORMADOS METALICOS

SECTION INDEX

SECTION SUBJECT
1. MATERIAL DESCRIPTION
2. DIMENSIONS AND MATERIAL VERIFICATION
3. TENSION SET ON DEAD END
4. LIST OF TEST EQUIPMENT



