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. CLIENI: : dNEAqYA. Fo!['88' CABI.ES (EI.SAUIEDynEIJLL) .

. Report Date: 30 I 12l2014

. Place:
- Labontories ofExaa lIigh Yolhge Research Center.
- Intanal code : TO - AC - 14 - 04 - 26 - 0I

. Requirements:
- Loop type tests according to IEC 60840.

. StandardSpecilicationz

- IEC 60840 "Power cubles with extruded insulation and their accessories for rated voltages
above 30 kV (Um= 36 kU up to 150 kV (Um:170 kV).

. Description of the Specimen:

- Loop systems, cable and accessories consist of the following:

1- 38/66 kV Power cable with the followins specification:

DIH EH l5O fft0t:S[00
l*illqtr fi lntolalla

- Manulhcturer
- Typ"
- No. of Phases
- Insulation
- Conductor Material
- Conductorcross-section
- Metallic sheath Material
- Over sheath Material
- Sheath Color
- Water Penetration Design

ENf,RqYA. FOUIhB CTTBI.ES(EI.SEIIhDY HtrIJT.L)EETC.
38/66 kV/CUALPE/IIiAD/HDPE /l x 1200 mrn'
I
XLPE,
CoJrJrer + Swelling Powder
1200 mm'
kad

HDPtr (ST')
Black
A barriers are included which prevents longitudinal water
penetration (water blocking tape) :

Along the outer surface of the conductor
The gap surface of the insulation screen and
the metalli

flK,b@*---
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2- One 38/66 kV Porcelain outdoor cable termination with the followins specificationsz

- Manufacfurer
- Type
- Creepage distance
- Arc distance
- No. of sheds
- Greatest diameter

EL SEWEDY SEDCO.
SEPT 1-72
2970 mm.
930 mm.
13 large and 12 small.
325 mm.
Porcelain.
Silicon oil.
Aluminum.
EPDM.
O-ring

Termination housins material :
Filling compound
Base and top
Stress control material
Gaskets

3- One 38/ 66 kV straisht cable ioint with the followine specifications:

- Manufacturer
- Type
- Description ofjoint
- Method of ground
- Type of overall casing
- Connector type
- Type of insulation

: EL SEWEDY SEDCO.
:69TCJ.
: Premoldedjoint.
Lead cover .
Heat shrink tube.
Compression.
EPDM

4- One 66 kV Premolded outdoor cable termination with the followins specificationsz

- Manufacturer
- Type
- Creepage distance
- Arc distance
- No. of sheds
- Greatest diameter

EL SEWEDY SEDCO.
69 TCT
2640 mm.
1105 mm.
S large andT small
325 mm.
Premolded.
EPDM.

- Termination housing material:
- Modular material :

tlsf r"=
- Stress control material
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t Descriotion of the Equipment:
- High voltage reactor - 400 kV - 5000 kVA - 50 Hz - Type: (RSK) - Serial No.204322199.
- PD detector - Type: (TE57).
- Tan 6 measurement devise - Type: 254l32ll02SerialNo. 144281.
- Standard capacitor - Type: NK400 Serial No. 434321.
- Impulse voltage generator 800 kV - 40 kJ - Type IP40/ 800 m
- Air oven up to 300 "C - Type: BINDER - Serial No.02-32772.
- Universal testing machine 100 kN - Model APEX-T5000 Serial No. 2095.

. Test Samplest

- Test samples were chosen under the responsibility of the client.

. Tests:

1. Electrical Tvpe Tests

l.l Check of insulation thickness of cable for electrical type tests
I.2 Bending test on the cable followed by installation of accessories and partial discharge test

at ambient temperature.
1.3 Tan Smeasurement.
1.4 Heating cycle voltage test.
1.5 Partial discharge test:

- At ambient temperature.
- At high temperature

1.6 Lightning impulse voltage test followed by a power frequency voltage test.
1.7 Tests of outer protection for buried joint.
1.8 Resistivity of semi-conducting screens.
1.9 Examination of the test assemblv.

2. Non-Electrical Tvpe Tests:

2.1 Check of cable construction.
2.2 Tests for determining the mechanical properties of insulation before and after ageing
2.3 Tests for determining the mechanical properties of non-metallic sheaths before and after

ageing
2.4 Ageingtests on pieces of complete cable to check compatibility of materials
2.5 Hot set test for XLPE insulation.
2.6 Shrinkage test for XLPE insulation.
2.7 Water penetrati
2. 8 Measuremetft*ffefuv Black Content

/--1 '



__-fllh
\GEffi/J
DIN Ell ISO gOn:2[{U

lmillqr: lH l.lilo1}ll4

. .J !

LABORATORIES OF EXTRA HIGH
VOLTAGE RESEARCII GENTER SEGTOR

kn 27 GaiG Alex, Desert Road
Report llo.{295 l2014l

. ' .  P a g ' e 4 o f  t 9

Test Methad and Results:

l- Electrical Tvpe Tests:

1.1 Check on insulation thichness before electrical tvpe tests:
- Prior to the electrical type tests the insulation thickness was measured in accordance

with clause 11.3.1 of IEC 60840.

- The measured value of the insulation thickness is shown in the following table:

Average thickness
(mm)

Specified thickness
(mm) Requirement

17.231 T7
The average thickness of the
insulation doesn't exceed the
soecified value bv more than5Yo

1.2 Bendins test on the cable followed bv partial discharse test:

1.2.1 Bendinp testz

- The test cable was subjected to a bending test at ambient temperature in
accordance with clause 12.3.4 of IEC 60840. The test cable was bent around a test
cylinder. The diameter of the cylinder was 2.8 m. The test consisted of three
cycles. The test object was bent for one complete tum. It was then unwound. The
process repeated, except that the bending of the sample was in the reverse
direction..

Outer diameter of
cable D
(mm)

Diameter of
conductor d

(mm)

Requirement of
bending diameter

< 25(D+d)+5%
(mm)

Hub diameter of
drum
(mm)

98 43.6 <3717 2800

1.2.2 Partial discharee test:

- After bending test the terminations were installed on the cable and the test
assembly was subjected to a partial discharge test at ambient temperature in
accordance with clause 12.4.4 of IEC 60840. The test voltage was raised
gradually to and held at 1.75 Uo for 10 s and then slowly reduced to 1.5 Uo.

- The measured value of the partial discharge level is shown in the following table

Applied voltase (kV) Duration (S) Max. PD level (PC) PD level (PC)

66.5
57 :: = ; 1 .8

- The test resulb

\D.O.''---.
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1.3 Tan $measurement:

- Another sample test cable was subjected to a tan6 measurement in accordance with clause
12.4.5 of IEC 60840. The test assembly was heated by passing a current through the
conductor until it reached a steady temperature, which was 97 oC. The tan 6 was measured
at a power frequency voltage of Uo at the temperature specified above.

- The measured value of the partial discharge level is shown in the following table

Applied voltage
ft\n

Maximum allowable
value for tan d (x 104)

tan 5 (x l0-')
lMeasured valuel

38 t 0 4

- The EstrcsulB met tlte rcquiremenb.

1.4 Heatins Cvcle Voltase Test:
- The test assembly was subjected to a heating cycle voltage test in accordance with clause

12.4.6 of IEC 60840. The test assembly was heated by passing a current through the
conductor until it reached a steady temperature, which was 97 "C. The heating was applied
for 8 h. The conductor temperature was maintained within the stated temperature limits for
2 h of each heating period. This was followed by 16 h of natural cooling. The cycle of
heating and cooling was caried out 20 times. During the whole of the test period a voltage
of 2Uo was applied to the test object.

- The result of the heating cycle voltage test is shown in the following table.

No. of
heating
cycles

Required
conductor

temperature
("c)

Ileating
Cooling

time
(h)

Applied
voltage

continuously
(kv)

Total
heating
time (h)

Duration of
heating at
97 "c ft)

20 9 5 < t < 1 0 0 8 2 l 6 76
- The testresults met the requiremenE.

1.5 Partial discharse test:

1.5.1 At ambient temperature:
- After the last heat cycle, partial discharge was measured for the test assembly at

ambient temperature in accordance with clause 12.4.6 of IEC 60840. The measurement
was carried out as mentioned above under item 1.2.2. The measured value of the partial
discharge level is shown in the following table.

The test

fl Q*^v
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1.5.2 At hish temperature:

- After test assembly was subjected to a partial discharge test at ambient temperature,
partial discharge was measured for the test assembly at the conductor temperature
97"C in accordance with clause 12.4.6 of IEC 60840. The measurement was carried
out as mentioned above under item2.Z.

- The measured value of the partial discharge level is shown in the following table:

Aoolied voltase (kV) Duration (S) Max. PD level (PC) PD level (PC)

66.5
57

l 0
< 5 i;

- Ihe testrcsulb met the requircmenE.

1.6 Lishtnins imoulse voltage test followed bv a poner frequencv voltase test:

1.6.1 Lishtnins impulse voltase test:

The test assembly was subjected to a lightning impulse voltage withstand test in
accordance with clauses 12.4.7 of IEC 60840. The test was performed on the test
assembly at a conductor temperature of 97 "C. The cable withstood l0 positive and
10 negative voltage impulses with crest value of 325 kV without failure.

The results were illustrated by the Figures in pages No. (13 : 16) of this report.

The test resulg met the requiremen$.

1.6.2 Power frequencv voltage test:

- After the impulse voltage test, the test assembly was subjected to power
frequency voltage test of 2.5Uo for 15 min. in accordance with clause 12.4.7 of
IEC 60840.

- The result of the power frequency voltage test is shown in the following table

Apolied voltape (kV) Frequency (Hz) Duration (min) Observations
95 50 l 5 No breakdown

- The test

11.'&,u
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1.7 Tests of outer protection for buried ioints

- After completion the above tests the isolated joint that still on the cable was immersed
in water to a depth of lm at the highest point of the outer protection in accordance with
clause G.3 (Annex G) of IEC 60840. The total of 7 heating/cooling cycles was applied
by raising the water temperature to 77oC and maintained at this temperature for 5 hours
and then permitted to cool to 10 oC above the ambient temperature. The result of the test
is shown in the following table :

Water immersion and heat cycling

No. of heating cycles Required water temperature (oC) Duration of heating at77 oC (h)

20 7 0  < t < 7 5 5

After completion the heating cycles and with the joint still immersed in the water, the
following tests were carried out:

a- DC voltase test:

- The test voltage of 25 kV d.c. was applied for 5 min. in accordance with Annex G
of IEC 60840 between the metallic sheath (Lead) of the power cable, at either end
of the accessory and also between the metallic sheath and the earthed exterior of the
joint outer protection (the water). The result of the test is shown in the following
table:

d. c voltage test

Annlied voltase (kV) Duration (min) Observations
25 No breakdown

- The test rcsuIB met the rcqufuemenB.

b- Impulse voltaqe test
- After completion the DC voltage test the isolated joint that still on the cable was

immersed in water, the joint withstood 10 positive and 10 negative voltage
impulses with crest value of 60 kV between the metallic sheath and the earthed
exterior of the joint outer protection (the water) without failure.

- The results were illustrated by the Figures in pages No. ( 16 :19 ) of this report.

The test rcsuIB

11 , w I
! t
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1.8 Resistivitv of semi-conductins screens:

- The measurement of the resistivity of the semi-conducting screens was carried out in
accordance with clause 11.3.9 of IEC 60840. The resistivity of extruded semi-
conducting screens applied over the conductor and over the insulation was determined
by measurements on test pieces taken from the core of a sample of cable as
manufactured and a sample of cable which has been subjected to the ageing treatment to
test the compatibility of component materials specified in IEC 60840. The
measurements wers made at a temperature of 90 oC.

- The resistivity of the semi-conducting screens are shown in the following table:

Item Unit Requirement Measured / Determined

Conductor screen
- without ageing
- after ageing
Insulation screen
- without ageing
- after ageing

Clm
C)m

Om
Om

< 1000
< 1000

< 500
< 500

25.4
12.4

16.4
9.1

- The test rcsults met the rcquiremenB.

1.9 Examination of the test assemblv.

- The examination of the terminations was carried out after completion of the electrical
type test mentioned above in accordance with clause 12.3.2 of IEC 60840.

- The terminations were revealing no signs of degradation, leakage, corrosion or harmful
shrinkage.

- 7he test rcsuIB met the rcquiremen&.

2- Non-Electrical Tvpe Tests:

2.1. Check of Cable Construction:

- The examination of the conductor and measurements of insulation and sheath
thickness was cart{Effif{a accordance with clause 12.5.1of IEC 60840. The results
are shown i

YI *l 6
j
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No. Items Unit requrrement MeasuredValues
I

Cable Marking

I x 1200 mm'38/tjti
kv-

CU/XLPVLEAD/HD
PE EETC 2OI4

2 Color of the outer sheath Black Black
3 Conductor:

- Material
- Diameter (Av.)
- Number of wires

mm
No. > 43.6

Copper
43.6
61

4 Extruded Inner semi-conducting
material

- thickness (Av.) mm 1.53
5 XIPE Insulation

- minimum thickness
-  ( r * - r * ) / r *

mm > 15.3
< 0.15

17.53
0.062

6 Extruded Outer semi-conducting
material

- thickness (Av.) r.29
7 Diameter over insulatiorr mm
8 Semi-conductive water blockine

tape
- Thickness (Av.) mm 0.54

9 Metallic sheath
- material

- minimum thickness mm > 2.085

Lead

2.632
10 Oversheath

- material

- diameter (Av.)
- minimum thickness.

mm
nun >2.875

High Density Poly Ethylene
(HDPE) - ST'

98
3.69

l l Semi - conductive layer
srashite Dowder

mln 0.05

- 7he testresulb met the rcquiremenE.

2.2. Tests for determining the mechanical properties of insulation before and after
ageing:
- The mechanical properties of insulation before and after ageing were determined in

accordance with clause 12.5.2 of IEC60840.
- The results of the mechanicalffryftfrgftsulation before and after ageing are.

\-q--
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- shown in the followins table:

Item Unit Requirement
Measured/

Determined

Without ageing
-Min. tensile strength
-Min. elongation at break
after ageing in air oven
-Min. tensile strength
-Max. variation with samples without ageing
-Min. elongation at break
-Max. variation with samples without ageing

N/mm2
%

N/mm2
%
o/o

%

12.5
200

+ 2 5

*it

2:].34
401.2

19.65
15.80
452.1

-12.68

- 7he testrcsulB met tlte rcquiremenE.

2.3. Tests for determining the mechanical properties of non-metallic shesths before and
after sgeins:

- The mechanical properties of the outer sheath before and after ageing were
determined in accordance with clause I2.5-3 of IEC 60840.

- The results of the mechanical properties of non-metallic sheaths before and after
ageing are shown in the following table:

Item Unit Requirement Measured / determined
Without ageing
-Min. tensile strength
-Min. elongation at break
after ageing
-Min. elongation at break

N/mm2
%

Yo

12.5
300

300

25.31
436

380

- The test rcsults met the requirements.

2.4. Aseins Tests on Pieces of Completed Cable to Check Compatibilitv of Materials:

- Ageing tests on pieces of completed cable were ciuried out in accordance with clause
12.5.4 of IEC 60840.

- The results of the mechanical properties of completed cable are shown in the
followins table:

- 7he test

Measured /determined

ii'
x25

300

Insulation
-Min. tensile strength
-Max. variation with samples without ageing
-Min. elongation at break
-Max. variation with samples without ageing

19.96
r4.48
354.1
Lt.73

456
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2.5. Hot set test for XLPE insulation:
- A hot set test for the XLPE insulation was ciuried out in accordance with clause

12.5.10 of IEC 60840.
- The results of the hot set test for the XLPE insulation are shown in the following table:

Item Unit Requirement Measured
-elongation under load
-oermanent elonsation

%
%

< 175
< 1 5

r25
8.2

- The test rcsulE met the rcquircmen&.

2.6. Shrinkase test for XLPE insulation
- A shrinkage test for XLPE insulation was carried out in accordance with clause

12.5.16 of IEC 60840.
- The result of the shrinkage test for XLPE insulation is shown in the following table.

Distance L
(mm)

Air oven temp.
("c)

Duration
(hour)

Max. shrinkage
(ohl

Shrinkage measurement
(ohl

200 130 6 4 1.25

- The testrcsults met the rcquhemenE.

2.7. Water penetration test :
- The test has been carried out a new sample have the same dirnensions with

marking (Energta Power Cahles)
- The water penetration test was carried out in accordance with clause 12.5.14 of IEC

60840. In total 6m cable was used for this test. The cable was tested for longitudinal
water tightness along the conductor, the outer surface of the conductor, and the gap

between the outer surface of the insulation screen and the metallic screen.

No. of
heating
cycles

Required
conductor temp.

("c)

Heatins
Cooling time

(h)
Total heating time

(h)
I)uration at 98 "C

(h)

1 0 9 5 < t < 1 0 0 8 2 t 6

After completion of the 10 heating cycles no water emerged from the ends of the
cable

Ihe test resufts met tfte requlrements.

2.8. Measurement af Carbon Black Content:
- Measurement of carbon black content for HDPE was carried out in accordance with

clause (12.5.12) of IEC (60840).
- The test results are shown in the.&lflotfrrt&Ne :
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Item Requirement Measured
Carbon black content 2.5 + 0.5 2 . 1 5

- The testrcsulB met the rcquhements.

Concluslon ,'

- The loop sgstem, 88/66 kV Power eable - CU/XLPE/CflLEAD/IIDPE /tx
rzoo tnm2 marlnqfo,cttln.ed. by Energga Power Cables (El Sewedy IIelaI) .,
66 kV Porcelsin outdoor eable tertnino:tion rnan4fo.efrwed bg EL SEWEDY
SEITCO , , 66 kV straight & isolated eable joint rnan4faetzn.ed. EL SEWEDY
SEITCO ,antd. 66 kV hemolded outdoor cable terrnino:tion tnorn4factured EL
SEWEDY SEIXCO fulfilled the requirements oyf tests rnentioned in this report
according to IEC 6o84o(zort).

' Notes;

- Tests wer'e carried out on the above specimens orrly without any resporulibility concerrring
other untested specimens.

- The tests were canied out without any obligation on Egptian Electricity Holding Company.
- This test report shall not be reproduced except in full, without written approval of EIWRC.

TEST EIT&IilEEfr,S:
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Fig .  2

C h 1 :  1
U p  =  6 0 . 1 9 5  k V
T1 =  1 .30 t )0  1 rs
T2 =  50 .458 us

t

F i g .  3

ch ' l :  ' 1

U P  =  6 0 . 1 1 5  k V
T 1  =  1 . 3 0 1 0  p s
T2 =  50 .531 ps

F ig .  4

C h 1 ; 1
U P  =  6 0 . 2 1 0  k V
T 1 = 1 3 0 7 3 p s
l -2  =  50 .428 us

.11

rl

I

Fig .  5

C t r l :  1
U P  =  6 0 . 1 8 G  k v
T 1 = 1 3 0 2 2 p s
T2 =  50 .459 Us

,1rl 50 :j0
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CONSTRUCTION
lxl200 mm2 XLPE,

DATA
CU. 66kv

i
I

I

Size  :  1x1200 CuD(LPB/LEAD/IIDPE
IEC 60502.60811,

60840Voltage: 38 / 66 kV

Code .' P-MT31-X9-0l-PH

CopDer Oonduclor + Swelling Powdel

Non-Conductive Water Blocki

Semi-Conductive Water Blocking fup{]0% p*

lnner Semi-Conductive

Outer Semi-Conductive

Seriii-Conductive Water Blocking Tup{l9l/q 9!
Lead Allov Sheath

HDPE Sheath

Semi-Conductive LaYer -
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Legen  d :
1  -  C o m p r e s s i o n  T o p  b o l t  l u g
2 - -  L u  g  s e o l i n  g
J -  A L  c o p
4 -  A L  h o l l '  r i n g s
5  -  P o r c e l c i n  i n s u l o t o r
6  -  I P D M  s t r e s s  c o n  e
7  -  S i l i c o n  o i l
B -  A l u r n i n u m  b o s e
9 -  M e t o l l i c  b c s e
1  O -  p o s  t  i n  s u  l o  t o r  ( o p  t i o n  o l )
1  1  -  C u  e c r t h  i n  g  t u b e
1 2 -  t - l e o t  s h r i n k  t u b e
1 3 -  C o b l e  i n s u l o t i o n
1 4 - - -  C o b l e  s e m i  c o n d u c t o r  l c Y e r
1  5 -  G c s k e t
1 6 -  E o r t h i n g  p o i n t
1 7 -  C o b l e  o u t e r  j c c k e t
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