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TEST REPORT

REPORT No. (101/2008)

CLIENT: ELSEWEDY CABLES CO.

Report Date: 29 /04 /2009

Place:

- Laboratories of Extra High Voltage Research Center.
- Internal code : TO - AC - 08— 08 - 26 - OF

= Reguirements:
- Loop type tests according to IEC 60840,

Standard ification:

- IEC 60840 “Power cables with extruded insulation and their accessories for rated voltages
above 30 kV (Um= 36 kV) 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 following specification:

: ELSEWEDY CABLES CO., Cairo, Egypt.
: 38/66 kV/CU/XLPE/CW/LEAD/HDPE /630 mm®
No. of Phases : 1
Insulation : XLPE
Conductor Material : Copper
Conductor cross-section : 630 mm”
Metallic sheath Material : Lead
Over sheath Material : HDPE (ST5)
Sheath Color : Black
Rated Frequency :50 Hz
Water Penetration Design  : A barriers are included which prevents longitudinal water
penetration along the conductor (swelling tape). the outer
surface of the conductor (water blocking tape), the gap
between the outer surface of the insulation screen and the
metallic screen and over the metallic screen (water blocking

tape).
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2- Two 66 kV Porcelain outdoor cable termination with the following specifications:
- Manufacturer : Sefag ixosil Ltd, Switzerland.
- Type : ESP72.5.C39
- Creepage distance : 4100 mm.
- Arc distance : 1190 mm.
- No. of sheds : 15 large and 14 small.
- ‘Termination housing material: Porcelain.
- Stress control Type : pre-molded.
- Stress control material : silicone rubber.
3- Plug-in Joint Box for GIS Cable Terminations :
- Manufacturer : PFISTERER.
- Type : CONNEX — HV - Joint — Size 6.
4~ Two 66 KV GIS C; Termination the followi) lons:
- Manufacturer : PFISTERER.
- Type : ESGT72-H
5- e 66 kV 5. t cable joint wi ollowin ioms:
- Manufacturer : ELASTIMOLD EGYPT .
- Type : 69TCJ.
6- One 66 kV isolated cable joint with the following specifications:
- Manufacturer : ELASTIMOLD EGYFT.
- Type : 69TCJ.
- The loop system was assembled as the following figure
Outdaor
lnux::ui fermination
66 KV Cable
=7 i} e
E
Straight Isolated Two SFa i ) &
o pint denmpemn| | v



Descri the E

High voltage reactor — 400 kV — 5000 kVA — 50 Hz — Type: (RSK) — Serial No. 204322/99.
PD detector — Type: (TES7).

Tan 6 measurement devise — Type: 254/321/02 Serial No. 144281.

Standard capacitor — Type: NK400 Serial No. 434321.

Impulse voltage generator 800 kV — 20 kJ — Type SGSA 800-20.

Air oven up to 300 °C — Type: BINDER - Serial No. 02-32772.

Universal testing machine 25 kN — Type TABLE TOP — Model APEX-T5000 Serial No.
2095,

[

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

. Tests:
I. Electrical T:

Check on insulation thickness of cable for electrical type tests
Bending test on the cable followed by installation of accessories and partial discharge test
at ambient temperature.
Tan & measurement.
Heating cycle voltage test.
Partial discharge test:
- At ambient temperature.
- At high temperature
.6 Lightning impulse voltage test followed by a power frequency voltage test.
.7 Tests of outer protection for buried joint.
¥ Resistivity of semi-conducting screens.
9 Examination of the test assembly.

I
1
1
1

.

2. Non-Electrical Type 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 Ageing tests 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 penetration test.

& Fewpy
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= Test Method and Results:
1- Electrical Type Tests:

1.1 Check on insulation thickness before electrical type tests:

- Prior to the electrical type tests the insulation thickness was measured in accordance
with clause 11.3.1 of TEC 60840.

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

Average thickness Specified thickness .
(mm) pec (am) Requirement

The average thickness of the
11.09 11 insulation doesn’t exceed the
specified value by more than 5%

1.2 Bending test on the cable followed by partial discharge test:
1.2.1 Bending test:

- The test cable was subjected to a bending test at ambient temperature in
accordance with clause 11.3.4 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 turn. It was then unwound. The

process repeated, except that the bending of the sample was in the reverse
direction..

Requirement of
bending diameter Hub ?’mm of
< 25(D+d)+5% iy
(mm) {(mm)
76.8 30.05 < 2805 2800

Outer diameter of Diameter of
cable D conductor d
{(mm} (mm)

1.2.2 Partial discharge test:

- After bending test the terminations were installed on the cable and the test
assembly was subjected to a partial discharpe test at ambient temperature in
accordance with clause 11.3.5 of IEC 60840. The test voltage was raised
gradually to and held at 1.75 Uy, for 10 s and then slowly reduced to 1.5 1J,,.

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

Applied voltage (kV) | Duration (S) | Max. PD level (PC) | PD level (PC)
66.5 10 -
57 - <5

- The Figure of the PD- Scope is illustrated in page (13) of
- The test results met the requirements.

»waa
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1.3 Tan & measuremeni:

- Another sample test cable was subjected to a tand measurement in accordance with clause
11.3.6 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 tan & was measured
at a power frequency voltage of U, at the temperature specified above.

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

Applied voltagze
(kV)

Maximum allowable
value for fan & (x ll]"‘}

tan & (x 107)
[Measured value]

38

10

3.09

- The test results met the requirements.

1.4 Heating Cyecle Voltage Tesi:

- The test assembly was subjected to a heating cyele voltage test in accordance with clause
11.3.7 of [EC 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 carried out 20 times. During the whole of the test period a voltage
of 2U, was applied to the test object,

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

MNo. of
heating
cycles

Required
conductor
temperature
('C)

Heating

Total
heating
time (h)

Duration ol
heating at
97 °C (h)

Cooling
time

(h)

Applied
voliage
continuously
(kV)

20

95<t< 100

8

i

16

76

- The test results met the requirements.

1.5 Partial discharge fest:

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 11.3.5 of [EC 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.

Applied voltage (kV)

Duration (8)

Max. PD level (PC)

PD level (PC)

66.5
57

10

=35

- The Figure of the PD- Scope is illustrated in page (14) of this re

- The test resufts met the requirements.

Shia
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1.5.2 At high temperature:

- Afier test assembly was subjected 1o 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 11.3.5 of IEC 60840. The measurement was carried
out as mentioned above under item 2.2,

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

Applied voltage (kV) | Duration (S) | Max. PD level (PC) | PD level (PC)

66.5 10 - =
57 - <5 <13

The Figure of the PD- Scope is illustrated in page (15) of this report.
The test results met the requirements.

1.6 Lightning impulse voltage test followed by a power frequency voltage test:

1.6.1  Lightning impulse voltage test:

- The test assembly was subjected to a lightning impulse voltage withstand test in
accordance with clauses 11.3.8 of IEC 60840. The test was performed on the test
assembly at a conductor temperature of 97 °C. The cable withstood 10 positive and
10 negative voltage impulses with crest value of 325 kV without failure.

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

1.6.2 Power frequency voltage test:

- After the impulse voltage test, the test assembly was subjected to power
frequency voltage test of 2.5U, for 15 min. in accordance with clause 11.3.8 of
IEC 60840.

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

Applied voltage (kV) | Frequency (Hz) Duration (min) Observations

95 50 15 Mo breakdown

- The test results met the requirements.

& ez
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1.7 Tests of outer protection for buried joints

- After completion the above tests the isolated joint that still on the cable was immersed
in water to a depth of 1m at the highest point of the outer protection in accordance with
clause D.3 (Annex D) of IEC 60840 and KAHRAMAA requirements. The total of 7
heating/cooling cycles was applied by raising the water temperature to 77°C and
maintained at this temperature for 5 hours and then permitted to cool to 10 °C above the
ambient temperature. The result of the test is shown in the following table :

Water immersion and heat cyeling

No. of heating cycles | Required water temperature ("C) | Duration of heating at 77 °C (h)
7 75<1<80 5

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

a- DC voltage test:

- The test voltage of 25 kV d. c. was applied for 5 min. in accordance with
KAHRAMAA requirements 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 vnlmgc test
Applied voltage (kV) Duration (min) Observations
25 5 No breakdown

- The test results met the requirements.

b- Impuise voltage 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 17.5 kV between the metallic sheath and the earthed
exterior of the joint outer protection (the water) without failure.

- Afier the previous test the joint was removed from the water, the joint withstood
10 positive and 10 negative voltage impulses with crest value of 35 kV between
cach metallic sheath

- The results were illustrated by the Figures in pag

es No. (20 : 23) of this report.
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1.8 Resistivity of semi-conducting 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 were made at a temperature of 90 °C.

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

Ttem Unit Requirement Measured / Determined
Conductor screen
- without ageing Om < 1000 25.96
- after ageing Qm < 1000 9.86
Insulation screen
- without ageing Qm <500 0.76
- after ageing Om < 500 0.28

- The test results met the requirements.

1.9 Examination of the test assembly.

- The examination of the terminations were 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.

- The test results met the requirements.

2- Non-Electrical Type Tests:
2.1. Check of Cable Construction:

- The examination of the conductor and measurements of insulation and sheath
thickness was carried out in accordangeaadth clanse 11.4.1 of [EC 60840. The resulis
are shown in the following table:

& )
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Items Unit | requirement Measured Values
1 66000V - ELECTRIC CABLE —
" ELSEWEDY CABLES - 1=630
Cable Marking = mm’ — 2008 - PROPERTY OF
KAHRAMAA
2 | Color of the outer sheath Black Black
3 | Conductor:
- Material e Copper
- Diameter (Av.) mim — 30.42
- Number of wires Mo, =53 60
- Water blocking — Swelling tape
4 | Extruded semi-conducting
- thickness { Av.) mm — 1.46
5 |Insulation
= minimum thickness mm > 153 10.84
= (o — o) / by <0.15 0.036
6 |Extruded semi-conducting
- thickness (Av.) — 1.29
T | Diameter over insulation mm — 58
8  [Semi-conductive water blocking
[tape
- No. x Width mim —_— 1 %70
= Thickness (Av.) mm 0.5
9 | Screaning
- MNumber of wires 85
- Diameter of wires mm 1.77
* {{;NOETME:MJ 1%19.5%0.16
10 | Metallic sheath
- material — Lead
- diameter (Av.) mm —eee- 70
- minimum thickness mm | >2085 2.87
1T |Owversheath
- material High Density Poly Ethylene
T (HDPE)- ST,
- diameter (Av.) mm — 78
- minimum thickness. mm >2.493 447
- The test results met the requirements.
2.2. Tests for determining the ical ies_of insulation before and after
ageing’

- The mechanical properties of insulation before and after ageing were determined in
accordance with clause 11.4.2 of IEC 60840,

- The results of the mechanical properties of insulation befofe
dJ, ﬁwﬁj
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- shown in the following table:

. Measured/

Item Unit Requirement deterniinad
Without ageing
-Min. tensile strength N/mm* 125 28.49
-Min. elongation at break S 200 567
after ageing in air oven
-Min. tensile strength N/mm®* _— 2891
-Max. variation with samples without ageing Y + 325 +1.47
-Min. elongation at break % = 560.2
-Max, variation with samples without ageing % 25 -12

- The test results met the requirements.

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

- The mechanical properties of the outer sheath before and after ageing were
determined in accordance with clause 11.4.3 of IEC 60840,

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

Item Unit Requirement Measured / determined
Without ageing

-Min. tensile strength N/mm? 12.5 20 89
-Min. elongation at break % 300 T55

after ageing

-Min. elongation at break % 300 695

- The test results met the requirements.

2.4. Ageing Tests on Pi Ci ted Cable to Check Compatibili aterials:

- Ageing tests on pieces of completed cable were carried out in accordance with clause
11.4.4 of IEC 60840,

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

Item Unit | Requirement | Measured /determined
Insulation
-Min. tensile strength N/mm® — 21.89
-Max. variation with samples without ageing % 125 -23.13
-Min. elongation at break % — 529
-Max. variation with samples without ageing % 125 ) - 6.7
Sheath
- Min. elongation at break 810

- The test resufts met the rec

| & Fwp)
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2.5. Hot set test for XLPE insulation:

- A hot set test for the XLPE insulation was carried out in accordance with

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

LABORATORIES OF EXTRA HIGH

VOLTAGE RESEARCH CENTER SECTOR
kM 27 Calro- Alex. Desert Road
Report Mo. (101 /2009)
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clause

Item Unit Requirement Measured
-elongation under load % <175 40.5
-permanent elongation % =15 25

- The test results met the requirements.

2.6. Shrinkage test for XL PE insulation

- A shrinkage test for XLPE insulation was carried out in accordance with clause
11.4.13.16 of IEC 60840.

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

Distance L | Air oven temp. | Duration | Max. shrinkage | Shrinkage measurement
{mm) {*C) {hour) (%a) (%)
200 130 f 4 3.25

- The test results met the requirements.
2.7. Water penetration test :

- The water penetration test was carried out in accordance with clause 12.5.14 of [EC
60840. In total 3m 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 Required Heating
heating | conductor temp.| Total heating time | Duration at 98 °C | Cooling time
cycles °C) (h) (h) (h)

10 95 =t=<100 8 2 16

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

cable

- The test results met the requirements.
* Conclusion :
- The loop system, IﬂﬁEWkubh-WmEﬂxﬂ3ﬂmnﬂ

manufactured by ELSEWEDY CABLES CO0., 66 kV Porcelain outdoor cable termination
manufactured by Sefag ixosil Ltd, 66 kV GIS Cable Termination manufactured by
PFISTERER, ﬁswmm&mmmmmbymmwmm
fulfilled the requirements of tests-me =i
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* Notes:

- Tests were carried out on the above specimens only without any responsibility concerning other
uniested specimens.

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

® TEST ENGINEERS:

G Fours




A LT
e y
" L -i.h.
",

VOLTAGE RESEARCH CENTER SECTOR
kM ZT Cairo- Alex. Dessrt Rosd
Report Me. (101 /2009)

Page 13 of 23

Measurement Results of Partial Discharge
For 38/66 kV- 1 x 630 mm® loop system, cable, joints and terminations

Ambient temperature
Calibration at

TEST ENGINEERS:

AL

[ELSEWEDY CABLES CO.]
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Measurement Results of Partial Discharge

For 38/66 kV- 1 x 630 mm’ loop system, cable, joints and terminations
[ELSEWEDY CABLES CO.]

Case: After heat cycle at ambient temperature
Ambient temperature
Calibration at

= TEST ENGINEERS:

A/




o>

DI EN 15O 80012008
Zeeriilm 01 $20 DA

Measurement Results of Partial Discharge
For 38/66 kV- 1 x 630 mm’ loop system, cable, joints and terminations
[ELSEWEDY CABLES C0.]

- Case: After heat cycle at conductor temperature 97°C

- Ambient temperature : 28 °C
- Calibration at :5 PC

= TEST ENGINEERS:

PAIA




DiN EN 190 3001:2000
ZarHilom: 01 400 m2E214

66kV loop system — ELSEWEDY CABLES

TO-AC-08-08-26-01

Fig. 1

{ChT)

Up = 3252 kv
T1=2842ps
T2 = 57.37 s

Fig. 2

(Ch1)

Up = 324.9 kv
T1=2843 ps
T2=57.34 ps

Fig. 3

{Chi)

Up=324.4 KV
T1=2.837 us
T2=57.32us

Fig. 4
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66kV loop system — ELSEWEDY CABLES TO-AC-08-08-26-01

R . [Fas

(Ch1)

Up=3239kV
T1=2.860 ps
T2=57.22 us

Fig. 7

(Ch1)

Up=3265kY
T1=2.855ps
T2=57.93 s

Fig, 8

(Ch1)

Up = 323.8 kV
T1=2.851 s
T2 = 57.28 ps

Fig. 8

(Ch1)

Up=32386 kv
T1=2853ps
T2 = 57.18 ps

Fig. 10

(Ch1)

Up = 3242 kv
T1=2853 ps
T2 =57.36 pus
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66kV loop system — ELSEWEDY CABLES -ve TO-AC-08-8-26-01

[V Pro Bhky e ]
% G408 MSe chil ™
r : : st (Ch1)
S E- o — = e : Up =-321.8 kV
T B e o — T W S— S— — — T1=2.848 ps
-360 ] . T2 =57.27 ps

Fig. 2

— (Ch1)
-120 T ——— Up=-318.4 kV
et I .
e ______‘_____?11;"'_?5_:_ S AN S— — T1=2854 s
-360 ; T2=5733 ps

Fig. 3

{Ch1}
-180] e iR e Up =-325.0 kV
D e e T - W N S R T1=2.848 ps '
-3E0 ¥ A — T2=5723 s

Fig. 4
; T - Chil )
] 1:‘ : . A (Ch1)
-180 - i TS Up =-325.0 kv
| Wk (——— H'.I'.I_ T1=2,342|H

30— ¥ O S SR S S e ]~ S T2 =57.22 ps

Fig. 5

2 : ' {Ch1)
180 i e Up=-3246 kV

S Sy L Yok e et N BTSN WY S S S T1=2848 ps
360 : : T2=5725ps
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TO-AC-08-8-26-01

Fig. 6

(Ch1)
Up=-324 9 kv
T1=2847 ps
T2 = 57.30 ps

Fig.7

(Ch1)

Up =-325.1 kv
T1=2.845 ps
T2=5735us

Fig. 8

{Ch1)

Up =-324.8 kv
T1=2.844 ps
T2=5714 s

Fig. 9

{Ch1}
Up=-318.2 kW
T1=2852us
T2=57.33 s

Fig. 10

(Ch1)

Up = -324.7 k\V
T1=2.848 ps
T2=57.18 s
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Isolated cable joint ,type69TCJ, for Cable 6EKV,1x630mm2
Between each part to earth Internal Code: TO-AC-08-08-26-01
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Isolated cable joint ,type69TCJ, for Cable 66KV, 1x630mm2
Between each part to earth Polaritty: ve Internal Code: TO-AC-08-08-26-01
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Isolated cable joint ,type63TCJ, for Cable 66KV, 1x630mm2
Between two parts

Internal Code: TO-AC-08-08-28-04
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Isolated cable joint type63TCJ, for Cable 66KV, 1x630mm2
Between two parts Polaritty: -ve

Internal Coda: TO-AC-08-08-26-01
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ESG72-H

Technical data

Max, cpermating volage U, (k) 725
Standards IECE0840 IECS0859 IECE22T1
Rated volmge U (V) 80- 85
Ratled lightning Impulse withstand veltage (BIL) o) 325
Croes-sectional range {mmdy 25 - 2000
mnmmummmmq {mmj) a7-89
max. diametar over ouler cable sheath {mm}) 120

Net Weight appron. (k) 55
Ausrichiung hortzontal
Measurements

Dimension A A (mim) 270
Dimension B B (mm) 80203
Dimension C C (mm) %5
Dimension D D (mm) ax @i
Dimersion E E {mm) 255
Dimansion F F {mm) 24503
Dimersion G G (mm) 184
Dimension H H (mm) 5831
Dimension | I {mm)

Dimension J J (mm)

Dimensian K K (mm)

Dimension L L {mm)




Technical data
Brssindh accaoit oeons. I ; e ) 725

Standards e e e e i S _ IEC60840 IEC60815
Rated voltage [ 1 60-69

_Rated lightning impulse withstand woltage (BIL) . 25
Cress-sectional range _  {mm?) 85 - 2000
Dlamutnr over caﬁnummn [pmpurﬁd} (mim) 3’?_— B4

mazx. diameter over outer cable sheath . fimmy] 120
NﬂlWHgd'Iupm. ) ) {l;g_'; 13_2 )

‘minimal creepage distanca e oy 2ATO

Polution class _ 4

Folltion class o (mmuk\) H

Measurements

Dimension A T A@Em) 3200420)
Dimension B . B {pnen) Hoge
Dimension C C (mm) 19
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Arab Republic of Egypt
Ministry of Electricity & Energy
Egvptian Electricity Holding Co.

Location : 27 km Cairo

Tel.

Fax

Alexandria Desert Road
(+ 202) 5390731
@+ 202) 5390926
(+ 202) 5390728
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