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TEST REPORT

REPORT No. (99/2005)

CLIENT: EGYTECH Cable Co. (EL-SEWEDY).

Report Date:  May. 2005

Place:

- Laboratories of Extra High Voltage Research Center.
Industrial of EGYTECH Cable Co. (for bending test only)

Reguiremenis:

- Type tests according to [EC 60840

Standard Specification:

- International standard IEC 60840 “ Power cables with extruded insulation and their
accessores for rated voltages above 30 kV (Uy= 36 kV) up to 150 kV (Uy, = 170 kV).

» Description of the Specimen :
- 38/66 kV Power cable with the following specification:

- Manufacturer - EL-SEWEDY CABLES (EGC), Cairo, Egypt.
- Type - 38/66 kV- CU/XLPE/ Overlapped copper tape + Copper
wire screen /HDPE /1 x 1600 mm’
- Year of Manufacture - 2004
a - No. of Phases )
I - Insulation - XLPE
- Conductor Material . Copper
- Conductor cross-section - 1600 mm®
- Screening Material . Copper
- Sheath Material - HDPE (8T4)
- Sheath Color . Black

- Rated Frequency - 50 Hz
- Internal Code - TO-AC-05-02-02-02.
- Fawy - Avala HAbd 0
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Description of the Equipment:

- High voltage reactor — 400 kV — 5000 KVA - 50 Tiz — Type: (RSK) - Serial No.
204322/99.

- PD detector — Type: (TEST).

- Tan & measurement device — 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 up to 25 kN — Type TABLE TOP — Model APEX-T5000

Serial No. 2095.

Test Samples:

- Test sample was chosen under the responsibility of the client.

n Tests:

1- Electrical Type Tests on Completed Cable:

1.1 Check of insulation thickness of cable before electrical type tests
1.2 Bending test on the cable followed by partial discharge test.

1.3 Tan & measurement.

1.4 Heating cycle voltage test followed by partial discharge test.

1.5 Tmpulse voltage test followed by a power frequency voltage test.
1.6 Resistivity of semi-conducting screens.

2- Non-Electrical T Tesis on Cable Components and on Completed le:

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

2.5 Hot set test for XLPE insulation.

3- Verification of Cable Construction:
(‘? F:w}-j 8 -..Q‘{ J.’l
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s Test Method and Results:
1- Electrical T

1.1. Check of insulation thickness before elecirical tvpe tesis:

- Prior to the electrical type tests the insulation thickness was measured in
accordance with clause 11.3.1 of IEC 60480 (1599),

Tests on Completed Cable:

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

mﬁverage thickness | Specified thickness

Requi t

i) i) equiremen
The average thickness of the
177 17 insulation doesn’t exceed the

specified value by more than
5%

j 7 nding test on le followed b rtial discharge test:

1.2.1 Bending test:

- The test cable was subjected to a bending test at ambient temperature n
accordance with clause 11.3.4 of IEC 60840 (1999). The test cable was
bent around a test cylinder. The diameter of the cylinder was 4200 mm,
The test consisted of three cycles. The test object was bent for one
complete turn. Tt was then unwound. The process repeated, except that
the bending of the sample was in the reverse direction

Outer diameter | Diameter of |!1irﬂn_l=ent of Hub diameter of
| ofcable D conductor d bending diametes drum
< 25(DHd)5"%
{mm) {(mm) h) {mm)
e 110 52.7 <4270 4200

1.2.2 Partial discharge test: ¢ 7
- The test cable was subjected .to'a pamai discharge test in accordance
with clause 11.3.5 of IEC 60840 (1999). The test voltage was raised
gradually to and held at 1.75 Uo for’10 s and then slowly reduced to
._1( '.-.. . _" i
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- The measured vahie of the partial discharge level is shown in the following
lable:

: : Max. partial Measured partial
*’“F'Fhe]‘:,.}'““"g‘* "“";“““ disr:harpge evel Bischargepiwel
(kV) () (PC) (PC)
66.5 10 = s
57 -- <5 <1.3

- The Figure of the PD- Scope is illustrated in page (11) of this report.
- The cable passed the test.

1.3. Tan & measurement:

- Another sample test cable was subjected to a fand measurement in accordance
with clause 11.3.6 of IEC 60840 (1999). The test object was heated by passing a
current through the conductor until it reached a steady temperature, which was
96 "C. The tan & was measured at a power frequency voltage of U, at the
temperature specified above.

- The measured value of tan & level is shown in the following table

Applied voltage Maximum allowable value fan & (x 107)
(kV) for fan & (x 107) [Measured value]
38 10 7.16

- The cable passed the test.

1.4. Heating Cycle Voltage Test followed by partial discharge test:

1.4.1 Heating Cycle Voltage Test:

- The test cable was subjected to a heating cycle voltage test in accordance
with clause 11.3.7 of IEC 60840 (1999). The test object was heated by
passing a current through the conductor umtl it reached a steady
temperature, which was 96 °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 2 U, was applied to the test object.

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

u.

| | PR
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: i Heating , .
'I T = J 1
No.of | Beawired | Applied f—reommr oy Cooling | Applied
: condunctor heating . time voltage
hc:lactlmg temperature | current heating h“:m'.fg o continuously

(h) (h)
2600 -

20 95 =1=100 2800 B 2 16 T

- The cable passed the test.

Partial discharge test:

- Afler the last heat cycle, partial discharge was measured for the test cable
at ambient temperature in accordance with clause 11.3.7 of 1EC 60840
(1999). The measurement was carried out as mentioned above under item
L2

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

I ; o Max. partial Measured partial
Apphf::‘lﬁuhage D“:E;?u“ discharge level Discharge level
(PC) (PC)
665 10 — ol
57 - <5 <14

- The Figure of the PD- Scope is illustrated in page (12) of this report.
- The cable passed the test.

1.5. Tmpulse voltage test followed by a power frequency voltage test:

1.5.1 Impulse Voltage Tesi:

- The test cable was subjected to a lightning impulse voltage withstand test
in accordance with clause 11.3.8 of TEC 60840 (1999). The test was

srformed on the sample at a conductor temperature of 96 “C. The cable
ithstood 10 positive and 10 negative voltage impulses with crest value of
250k V without failure.

= results were illustrated by the Figures in page No. (13) of this report.
f he cable passed the test.

J 9 s
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1.5.2 Power Frequency Voltage Test:

- After the impulse voltage test, the test cable was subjected to power
frequency voltage test of 2,51, for 15 min. in accordance with clause
11.3.8 of IEC 60840 (1999).

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

Applied voltage Frequency Duration Observations
(kV) (Hz) {min})
95 ) 30 15 No breakdown

- The cable passed the test.

1.6.

The measurement of the resistivity of the semi-conducting screens were carried
out in accordance with clause 11.3.9 of IEC 60840 (1999). 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 TEC 60840 (1999). The measurements were made at a
temperature of 90 °C.

The results of Resistivity of semi-conducting screens are shown in the following
table

Measured/
Determined

Item Requirement

Conductor screen
- without ageing = 1000 1.25
1 - afigr ageing = 1000 1.05
~| Insulation screen
- withoyt ageing < 500 031
- after ageing < 500 0.19
b= .I- ] -

_Th'é.céﬁilﬂ passed the test.
: -

frter
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¢ Tests on Cable Components and on C

2.1. Check of Cable Construction:

- The examination of the conductor and measurements of insulation and sheath
thickness was carried out in accordance with clause 11.4.1 of [EC 60340
(1999).

- The results of examination of the conductor and measurements are shown in
the following table:

Item Unit | Requirement Eﬁ:ﬂl
Thickness of insulation
= TIYITTTILLT] mm =153 17.1
= u:n.u_ tmm".'-"l Trax i =0.15 0.065
Thickness of non-metallic sheath
- average mm =45 4.3
= minimum mm =1 725 47

- The cable passed the check.

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 11.4.2 of IEC 60840 (1999).

- The results of the mechanical properties of insulation before and afler ageing
are shown in the following table.

: ; Measured/
Item Umit Requircment dcliruinid
Without ageing
-tensile strength Wymm™ =125 15,48
-clongation Y | =200 450
afier ageing in air oven
-Min. tensile strength N/mm’ i 21.89
-Max. variation with samples without ageing Yo +25 + 18.4
-Min, elongation o s 553
/ “Bax. variation with samples wilhoul ageing e + 75 +12.8

- The results of insulation before ageing showed in attached figures in pages
(14, 15, 16, 17, 18) of this report.

- The results of insulation after ageing are showed in attached figures in

pages (19, 20, 21, 22, 23 ) of this report.

The cable passed the test.
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2.3. Tests for determining the mechanical properties of non-metallic_sheaths
hefore 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 (1999).

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

. ; Measured/

Ttem Unit Requirement i
Without ageing
-tensile strength N/mm® =100 21.5
-elongation %o =300 855
after ageing
-Min, tensile strengih N/ = 20
~Max. variation with samples without ageing T = i
flnngnliun a = 300 825
-Max. variation with samples without ageing Yo i -335 |

- The resulis of the outer sheath before ageing are showed in attached figures in
pages (24, 25, 26, 27, 28) of this report.

- The results of the outer sheath after ageing are showed in attached figures in

pages (29, 30, 31, 32, 33) of this report.

The cable passed the test.

Ageing Tests on Pieces of Completed Cable to Check Compatibility of
Materials:

- Ageing tests on pieces of completed cable were carried out in accordance with
clause 11.4.4 of TEC 60840 (1999).

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

Measured -

Ttem Umit Requirement AR

Insulation
-Min. lensile strength Nimm® —_ 19.92
-Max. variation with samples without ageing Yo 125 8
=Min. clongation %% s 535

~Max, variation with samples without ageing Yo +25 o B
Sheath

-tensile strength N/’ g 20.8
—variation with samples without ageing ¥ s -32
-clongalion %a = B 975
~variation with samples without ageing %o = +14

|1

The results of insulation after ageing showed in attached figures in pages (34,
35, 36, 37, 38) of this report.
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- The results of the outer sheath after ageing showed in artached figures in pages
(39, 40, 41, 42, 43) of this report,

- The cable passed the test.

Hot set test for XLIPE insulation:

_ A hot set test for the XLPE insulation was cartied out in accordance with
clause 11.4.10 of TEC 60840 (1999).

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

Ttem Unit Requirement Measured
-glongation under load %% <175 125
-permanent elongation &0 <15 2.5

- The cable passed the test.

3- Construction:

- The construction of the cable was checked against the manufacturer specification.
- The results are shown in the following table:

Items Determination
- Marking of the cable ELSEWEDY CABLES (EGC) 1600 mm®
66kV/CU/XLPE/ /HDPE,

- Color of the outer shcath Black

305 copper wares (61 wires x 5 segment).
Semi-conducting water blocking tape
Extruded semi-conducting material.
XLPE insulation.

Extruded semi-conducting material.
Cable construction Semi-conduching water blocking tape.

; \ Overlapped copper tape + Copper wire

\ screen,

VA Non-conductive water blocking tape.
A 5 - Aluminum foil tape.

5§ HDPE. 5T, over shcath.

«Qter diameter of the cable {(mm) 110 {average)
Outer diameter of the conductor (mm) 52.7

o, sl Sh




Dk EN EIC S051 20
Darriibents 04 130 @52E

LABORATORIES OF PYRAMID EXTRA
HIGH VOLTAGE RESEARCH CENTER
kM 27 Calro- Alex. Desert Road
Report Mo, [ 99/2005)
Page 10 of 43

» Conclusion :

- The 38/66 kV/CU/XLPE/ Overlapped copper tape +~ Copper wire screen /HDPE /
1x 1600 mm? manufactured by EGYTECH Cables Co fulfilled the requirements of tests
mentioned in this report according to TEC (60840).

= Notes:

. Tests were carried out on the above specimen only without any responsibility concerning
other untested 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:
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Measurement Results of Partial Discharge for
Power Cable 38/66 kV — 1 x 1600 mm®
(EGYTECH Cables)

e B : 4
PD-Range: = 2.0 pCldiv_

Nolse Eugpresslgn- 25%
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= (Case : Before heating cycle.
= Ambient temp. : 13 °C.
Calibration at : 10 PC.

Test Engineers :
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Measurement Results of Partial Discharge for

Power Cable 38/66 kV — 1 x 1600 mm”
(EGYTECH Cables)
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Calibration at : 10 PC. :
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lightning Impulse test results I

38/66 KV power cable copper conduclor
1% 1600 mm® XLPE insulation HDPE sheath

i
= Tie
3
i
-ﬂ AT e . TP, RS
Test voltage 325 kV {-ve)} Test voltage 325 kV (+ve)
Pic No. {312) Pic No. (311)
Ambient Condition :
T=32°C p=9‘96MPE H=065%

Atmospheric Correction Factors: (IEC 60060-3)

Air density correction Factor K =N/A

Humidity correction Factor Ky = N/A
Atmospheric Correction Factor K= Kq-Kin= N/A
Test vollage

T.V value before correction =325 kv

T.V value aftier correction =323 kv

Test Voltage Tolerances : Wave Time Tolerances
peak ... . =13% ront Time...........=+30%
Overshoot ....... =+5% "%}Te to half value ... =+ 20 %
31 4
.-3:' ._Il
7] 1
Test engineers e
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Procedure
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Tensilse Test
Tensile test

05-08-2005 d E.HAR.E
125853 PM =l cunter
Elapsed Time 00:00:44 =

ile Strgth 19.6%70 MPa ~=t Load
Elona 500.00 % Punch Len

—%tress s Position

Eéﬂﬂﬂ-‘-‘b‘ﬂﬁ
a5 -ag-28835

i
=

)%

|
] L 1
ag.a ji@.a 132.A 154.8 176.8 198.8 229.8
Cram )

é)ﬁﬁa M. 4 Lol fga(s |
Fote .
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Tensile tast

05-08-2005 Tested By
00:00:48 S

counter

20,2430 MEB=z Pezk Load
540,00 % Init DPunch Len

Stress vs Position

194.8 1e8.8 192.8 216.8
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test
N5-08-2005 Tested Bv
Q1:00:39 PM Test Counter

Zlapsed Time 00:00:48 Areaa

Tensile Strgth 12.5240 gegk Lnad_
Tezal Elong 510.00 Irnit Purch

Stress us Positionw

ennaBaI7
A% -2 -2 88a5

Fr it BT
o T

d

T

66 .8 a8 .8 118.8 13
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T
2




o BN EEC BOR T2
Dol 04 120 205 A

LABORATORIES OF PYRAMID EXTRA
HIGH VOLTAGE RESEARCH CENTER
kil 27 Calro- Alex. Desert Road
Report No. [ 98/2005)

Pupr 19 of 43

Tested By E.H.V.R.C

Test Counter QagoD438
Areg &, 7280 mm?

o
L
i T |
= W o
R4 ]

Tensile Strgth 20, ! Peak Load y 95 N
Total Elong 25, Init Punch Len 000 mm

Stress ws Position

BJ!BBB‘IEQ
a5 -8 —=aa5l
Lo e ]

&6 .8 @8.A 1iA.8 132.98 154.8 176.8 198.8 2IZ20.8
Cmml
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Tansile test

Test Date
Tegst Time
Elapsed Time

Tensile Strgth
Total Elong

05-08-2005
QL5731 BEM
C0:00:53

24 .5080 MFa
G00.00 %
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Peak Load
Tnit Punch Len

us Position

-

76.8 184.8 138.8
frml

1g2.9 :zZ93.8 234.8 Ze8.8
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Test Tensile Test
Tensile test

Test Date 05-08-2005 Tested By E.BE.V.R.C

Test Time 02:00:51 PM Test Counter Dooo0440
Zlagpsed Time DD:00:48 Area 4 ,6400 mm?2
l'ensile Strgth 21.8760 MPa Peak Load 102 N
Tctal Elong 550.00 % Init Punch Len 20.000 mm

= Stress vs Position
W_ za,.aa - —

—

EJ!EHH-!‘IE
a5 -8 -28a83

.68

28

.88

N1

.88 T - 1 T
a.a 2z .8 44 .8 66 .8 8.8 118.m 132.A 154.8 176.8 198.8 2:28.8

Cram )
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'est Tansilils Test
Procedure Tensile test

Test Date 05-08-243G05 Tested By 2 8,7

Test Time 02:03:24 PM Test Counter 00000441
Elapsed Time 00:00:47 Aresz 4.6800 mm?
Tensile sStrgrh 21.3830 MPa Peak Load 100 W
Total Elong 540.00 % Init Punch Len 20.000 mm

. ==Stress us Fozition
24,88 ™ g

| ml:maaqql:
| By a8 —2085|
B2 o

) | ]

]

1
I ‘
a.88 C T A
a.a 22 .8 44 .8 a6 B g3 .9 118.8 i132.8 154.9 176.8 198.8 228.8

{mm2J

& Fer2 M. L5 ¢
Bkt o



o

DR EN P50 300 200
oy bt 04 151 BB

LABDRATORIES OF PYRAMID EXTRA
HIGH VOLTAGE RESEARCH CENTER
kM 27 Cairo- Alex. Desart Road
Reporl Mo. [ 99/Z005)

Page 23 of 43

N5-08=-2005 Tezated By T AP L
Test Time 02:05:47 FM Test Counte 00000242
Elapsed Time 00:00C:48 Area 4.7800 mm?

Tensile Strgth 21.5350 MP= Peak Load

Total Elong S50.00 % Init Punch Len

Stress ws Position

0.8 1Z8.8 144.8 16%.8 192.8 216.8 248.8
(ram)

M. ﬁb&fﬁﬂ%
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Test Tensile Test
Procadure Tensila test

d
1

I'_"
2M
3

S

Tensile Stroth 21.4040 MPa
Total Elong 875.00 %
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BEoH AN ROE
Co00o451
E,5E00 mm?

121 N
Funcn Len 20.000 mm

Stress us Position
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Test

nueile test

05-09-24005 Tested By
10:53:32 aM Fegr (Counter SGoooC4s
00 :C0:&3 = =1 7.8

3
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Procedure Tensile test
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Tezt Counter O00no458
Area 4,.5400 mm?
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Tested By BE.H.V.R/E
Test Counter oooooesn

Lres 6.2820 mm?

Peak Load 125 N
Tnit Punch ILen 20,000 mm

=Stress vus Position
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st Tanzile Test

Tengile teast

Tazt Date 0E-0%-2005 Tested By WAV R
Tez=t Tims 12:07:43 BM Test Counter oo00o0462
Elapsed Time a0:00:55 Area 5.2400 mm?

ile Btrgth 18.8%60 MPa Peak Load 89 N
9% ., 00 % Init Punch Len 20.000 mm

Stress vs Position
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Test Tensile Test

Frocedurs Tensile

C
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Test Tensile Test
Procedurs 1
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Tested By
Test Countbsr

Area

Beak Load
Init Punch Len 20.000C mm

Stress vs Position
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Tast Tensile Test

Procedure Tensile rCest
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Test Countcer
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Feak Load
Init Punch Len
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Test Tensile Test
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