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Photograph 1: Impression of test set-up.
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DATE OF TESTS

TEST PROGRAMME

SUMMARY AND
CONCLUSION

Three-core power cable

3x 300 / 35 mm? AL / XLPE / STA/ PVC 15 kV
8,7/15 (17,5) kV 3x300 mm*

Bahra Cables Company,
Jeddah, Kingdom of Saudi Arabia

Bahra Cables Company,
Jeddah, Kingdom of Saudi Arabia

KEMA HIGH-VOLTAGE LABORATORY
Arnhem, the Netherlands

3 February 2011 to 14 February 2010

Additional test according client specifications based on AIEC CS8 (2007),
ICEA S-97-682 (2007)

All tests were passed.

This Report of Performance applies only to the object tested. The responsibility for conformity of any
object having the same designations with that tested rests with the Manufacturer.

This report consists of 15 pages in total.

© Copyright: Only integral reproduction of this Certificate is permitted without written
permission from KEMA. Electronic copies in e.g. PDF-format or scanned version of
this Certificate may be available and have the status “for information only”.

The sealed and bound version of the Certificate is the only valid version.

A M. Verhoeven
/ﬁirector Testing, Inspections &
Certification The Netherlands

Arnhem, 6 July 2011



Version: 1

KEMAX

-2- TIC 1350-11
TABLE OF CONTENTS
TABLE OF CONTENTS ....tiiie ittt ettt ettt e e sttt e e e ettt e e e s bt e e e e anbe e e e e anbeeeeeanneeeeeanneeeesnreeeeannees 2
1 Identification of the test ODJEC...........eii s 3
1.1 Description of the test ODJECE..........eiiiiiii e 3
1.2 Iy o] e [oTe W |4 =T | £ ERSR 5
2 General INFTOMATION........ooiiiiiie et et e e e st e e e sttt e e e sbte e e e snbeeeesreeeeeanes 6
2.1 The tests Were WItNeSSEA DY .......ueiiiiiiiieei e e e e eebneeberernensnenenrnenees 6
2.2 The tests Were Carried OUL DY .........oiiiiiiiiieiiiiiiee ettt ee e e e bebneneernsnsnsnsnnnnneeees 6
2.3 Reference 10 Other rePOIMS ... ... e e e e e e e e ennees 6
2.4 T8 oTelo] a1 = Tox i1 o RSP SPURRPR 6
2.5 PUIPOSE Of the TEST .. .ueiiiiiiii it e e e e e st e e e e e e e e seabsreeeeesaennnes 7
26 Measurement UNCEIAINTY..........uiii e e e e eaeeas 7
2.7 F Y o] o] ez=T o] (=TS =T g o E=T o - SO 7
3 Additional tests according to AEIC CS8..........eeiiiiiiii e 8
3.1 Measurement of extruded conductor shield thickness............ooo e 8
3.2 Measurement of conductor shield contact surface protrusion ............cccccccveeeiieiiiiiiiiieee e, 9
3.3 Measurement of insulation shield contact surface protrusion..............ccccovveeveeiiiicciiiieee e, 10
3.4 Measurement of insulation shield field strippability test.............cccir i 11
4 Additional tests according t0 ANSI/ICEA S-97 ...t 12
4.1 Measurement of wafer boil test for conductor and insulation shields .................ccooocni 12
APPENDIX A  MEASUREMENT UNCERTAINTIES. ...t 13
APPENDIXB  MANUFACTURER'S DRAWING(S)/DATA SHEET ....cciiiiiiiiiiiee e 14



Version: 1

KEMAX

-3- TIC 1350-11

1 IDENTIFICATION OF THE TEST OBJECT

1.1 Description of the test object

Manufacturer

Type

Year of manufacture

Sampling procedure

Quantity submitted

Rated voltage, Uy/U (Uy,)

No. of cores (core identification)
Marking on the cable

Conductor

- material

- cross-section

- nominal diameter

- type

- maximum conductor temperature
in normal operation

Conductor screen

- material

- nominal thickness
- material designation
- manufacturer

Insulation

- material

- nominal thickness
- material designation
- manufacturer

Insulation screen

- material

- strippable

- nominal thickness
- material designation

- manufacturer

Bahra Cable Company, Saudi Arabia

3 x 300 / 35 mm? AL/XLPE/STA/PVC 8,7/15 (17,5) kV
2010

by the manufacturer

>45m

8,7/15 (17,5) kV

3 (red, yellow, blue)

BAHRA CABLES CO. KSA 3X300/35 mm?2 AL/XLPE
STA/PVC 8.7/15 IEC 60502-2 Manufacturing Year —
Meter marked Saudi Electricity Company - SEC

aluminium / H12
300 mm?

20,7 mm

circular — compacted

90 °C

thermosetting semi-conducting / bonded
0,8 mm
LE 0592
Borealis

XLPE

4,5 mm
LS 4201 R
Borealis

thermosetting semi-conducting
yes

1 mm

LE 0511

Borealis
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Metallic screen
- material copper wire and copper tape
- cross-section 34 wires of 0,66 mm
- nominal thickness and width of tape 0,1x15 mm (open helix with gap -200%)
- nominal thickness/diameter 1,52 mm
Binder/Filling material yes
Inner sheath
- material MDPE-ME 6052, type ST
- nominal thickness 2,0 mm
- manufacturer Borealis
Metallic armour
- material galvanized steel tape
- nominal diameter / dimensions 2x 0,8 x 60 mm
- manufacturer Al-Qahtani- Saudi Arabia
Oversheath
- material PVC, type ST,
- nominal thickness 3,8 mm
- nominal overall diameter of cable 90,5 mm
- material supplier NAPICO — Saudi Arabia
- colour red
- graphite coating applied no
Manufacturing details
- type of extrusion CCV line
- manufacturer of extrusion line Maillefer Extrusion Oy
- curing means CV-tube
- cooling means Circulating Nitrogen / Pressurized water

Fire retardant (IEC 60332-1-2) yes
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1.2 List of documents

The manufacturer has guaranteed that the object submitted for tests has been manufactured in
accordance with the following document.

KEMA has verified that this document adequately represents the object tested.

The following document is included in this Report:

drawing no./ revision date title
document no.
23210110 1 12 may 2010 | MV Cable, 15 KV, Aluminium Conductor

300 sgmm, 3 cores, XLPE insulation,
Steel Tape Armoured, PVC sheathed
IEC 60502-2 and SEC 11-SDMS-03

TIC 1350-11
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2 GENERAL INFORMATION
21 The tests were witnessed by
The tests were not witnessed.
2.2 The tests were carried out by
DEKRA Certification B.V.
2.3 Reference to other reports
Report no. Tests described
TIC 1013-11 Type test certificate of complete type test in accordance
with IEC 60502-2
TIC 1472-11 Additional test according client specifications based on

AIEC CS8, ICEA S-97-682

2.4 Subcontracting

The following tests were subcontracted to DEKRA Certification B.V.:

- measurement of extruded conductor shield thickness in accordance with clause 3.1 of AEIC CS8
- measurement of conductor shield contact surface protrusion in accordance with
clause 3.2 of AEIC CS8
- measurement of insulation shield contact surface protrusion in accordance with
clause 5.2 of AEIC CS8
- measurement of insulation shield field strippability in accordance with clause 5.3 and 10.3 of
AEIC CS8
- measurement of wafer boil test for conductor and insulation shields in accordance with
clause 9.4.12 of ANSI/ICEA S-94-682.
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2.5 Purpose of the test

Purpose of the test was to verify whether the material complies with the specified requirements.

2.6 Measurement uncertainty

A table with measurement uncertainties is enclosed in appendix A. Unless otherwise indicated in the
report, the measurement uncertainties of the results presented are as indicated in this table.

2.7 Applicable standards

When reference is made to a standard and the date of issue is not stated, this applies to the latest
issue, including amendments, which have been officially published prior to the date of the tests.
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3 ADDITIONAL TESTS ACCORDING TO AEIC CS8
3.1 Measurement of extruded conductor shield thickness

Standard and date

Standard AEIC CS8 clause 3.1

Test date 3 February 2011

conductor shield unit requirement | specified measured/determined
thickness red yellow blue
- nominal mm - 0,8 - - -

- average mm - - 1,03 1,03 1,09
- minimum mm > 0,41 - 0,90 0,98 0,87
- maximum mm - - 1,17 1,06 1,32
Result

The test was passed.
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3.2 Measurement of conductor shield contact surface protrusion

Standard and date

Standard AEIC CS8 clause 3.2
Test period 11 February 2011 until 14 February 2011
item unit requirement measured/determined
red yellow blue
- protrusion into the insulation mm <0,076 0,000 0,000 0,000
- protrusion into the conductor shield mm <0,18 0,00 0,00 0,00
Result

The test was passed.
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3.3 Measurement of insulation shield contact surface protrusion

Standard and date

Standard AEIC CS8 clause 5.2
Test date 11 February 2011 until 14 February 2011
item unit requirement measured/determined
red yellow blue
- protrusion and irregularities into the mm <0,13 0,00 0,00 0,00
insulation
- protrusion and irregularities into the mm <0,18 0,00 0,00 0,00
insulation shield

Result
The test was passed.
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3.4 Measurement of insulation shield field strippability test

Standard and date

Standard AEIC CS8 clause 5.4 and 10.3
Test date 5 February 2011
item

requirement

measured/determined

red | yellow

|blue

- removability at -10 °C £ 3 °C

- removability at 40 °C £ 3 °C

removable without tearing or
leaving residual conductive
material on the insulation surface.
removable without tearing or
leaving residual conductive
material on the insulation surface.

no tearing or residue

no tearing or residue

Result
The test was passed.
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4 ADDITIONAL TESTS ACCORDING TO ANSI/ICEA S-97

4.1 Measurement of wafer boil test for conductor and insulation shields

Standard and date

Standard ANSI/ICEA S-97-682 clause 9.4.12
Test date 14 February 2011
item

requirement

measured/determined

red |ye||ow ‘ blue

- waferboil test for conductor
shield

- waferboil test for insulation
shield

no dissolvement or cracking of
the shield

no dissolvement or cracking of
the shield

no dissolvement or cracks

no dissolvement or cracks

Result
The test was passed.
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APPENDIX A MEASUREMENT UNCERTAINTIES

TIC 1350-11

The measurement uncertainties in the results presented are as specified below unless otherwise

indicated.

measurement

measurement uncertainty

dielectric tests
and impulse current tests

peak value: < 3%
time parameters: < 10%

capacitance measurement

tan & measurement

0,3%

+0,5% +5x10°

partial discharge measurement

< 10pC : 2pC
10- 100pC : 5pC
> 100pC : 20%

measurement of impedance <1%

AC resistance measurement

measurement of losses <1%

measurement of insulation resistance <10%

measurement of DC resistance 1uQ - 5uQ 1%
5uQ - 10uQ  :0,5%
M0uQ - 200uQ :0,2%

radio interference test 2dB

calibration of current transformers

2,2 x 10 li/lu and 290 prad

calibration of voltage transformers

1,6 x 10™* Ui/Uu and 510 prad

measurement of conductivity

5%

measurement of temperature

-50 °C -40°C :3K
-40 °C 1256°C :2K
125°C - 150°C :3K

tensile test

1%

sound level measurement

type 1 meter as per IEC 651 and
ANSI S1.4.1971

measurement of voltage ratio

0,1%
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APPENDIX B MANUFACTURER’S DRAWING(S)/DATA SHEET

2 pages (including this page)

TIC 1350-11

drawing no./ revision date title
document no.
23210110 1 12 may 2010 MV Cable, 15 KV, Aluminium Conductor

300 sgmm, 3 cores, XLPE insulation,
Steel Tape Armoured, PVC sheathed
IEC 60502-2 and SEC 11-SDMS-03
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Drawing # 23210110 Version 1.0 12 May 2010

MV Cable, 15 KV , Aluminum Conductor 300 sgqmm , 3 cores , XLPE insulation ,
Steel Tape Armovured, PVC sheathed |IEC 60502-2 and SEC 11-SDMS-03.

Three core cable 8.7/15 [17.5] kV, with round compacted aluminum conductors, class 2
Stranded to IEC 80228, cross-linked polyethylena (XLPE) insulated. Cores are assembled
together using non- hygroscopic filler and wrapped by suitable polymeric tape,
polyethylene (PE) extruded as an inner sheath, Armoured with galvanized steel tape, PVC
ST2 Sheathed cable complying with IEC 60502-2, AEIC CS 8 and SEC standard 11-SDMS-0.3

1. Cable Structure:

i. ConductorSize 300 sg.mm
ii. Screen Area 35 sg.mm
iii. Cores Identification Red, Yellow and Blue identifying tapes

Wrapped under screening

2. Insulation / Sheathing Material:
i. Insulation Material: Dry cure, triple extruded conductor
Semicon / XLPE Insulation / extruded
Insulation Semicon
Minimum Insulation Thickness's [Screen/Insulation / Screen)
1 0.41 /4.50/1.02 mm

ii.  Armour Material: Doubkle Galvanized Steel Tapes
Tape Thickness: 0.8 mm

ii. ~Sheathing Material: PVC —8T2 [EC 60502-2
Sheathing Thickness: 3.70 mm
Sheathing Color: RED

3. Specification:

The cable is complying with standards:
IEC 60228, |[EC 60502-2, |EC 60332-1, AEIC CS 8, 11-SDMS-03

TIC 1350-11

Aluminum compacted conductor.
Inner semi conductive layer
XLPE insulation
Outer semi conductive layer
Metdllic Screen
Non hygroscopic material “Filler'

P.P tape

Inner sheathing

Ammor Tapes “"Galvanized Steel Tape”

Outer Sheathing
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1. INTRODUCTION

Bahra Cables Company, Jeddah, Saudi Arabia requested High Voltage
Laboratory, King Saud University (KSU) to perform electrical type tests and
witness non-electrical type tests as per IEC 60502-2 (2005) on a sample of
3x300/ 35 mm?, 8.7/ 15 kV, Aluminium conductor, XLPE insulated cable with
steel tape armour and PVC outer sheath. This report provides a brief summary

of tests and results. The details of the cable and test standard etc. are given

below.

Applicable Standards : IEC 60502-2 (2005)

AEIC-CS8 for semi conducting screens

Concerning :  Type test (Electrical & Non-Electrical)

Cable Type : Extruded solid dielectric power cable, XLPE
insulated and having conductor screens and
insulation screens

Voltage Rating : 8.7/15kV cable

Manufacturer : Bahra Cables Company, Jeddah, Saudi Arabia.

Test Programme

The programme was prepared by High Voltage Laboratory of KSU as per IEC
60502-2 (2005) and is summarized in section (4) of this report.

2. TESTED CABLE'S DATA WQ
—

Cable Type: 3x300/ 35 mm?, AL/XLPE/STA/PVC, 8.7/ 15 kV
= N8

o
e T

\
L
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Cable Ratings

Rated voltages Uo/U (U,)

Rated frequency

Max. rated conductor temp.

Cross section

Number of cores

ot Nou w3

8.7/15 (17.5) kV
60 Hz

90°C

300 mm?

3

Cable Construction is as follows
1. Conductor

Material

No of cores x Size

No. of wires

Conductor Diameter

2. Conductor Screen

Material

Thickness (nominal)

Thickness (minimum)

3. Insulation

Aluminium

3x300 mm®

37

20.65 mm (Approx.)

Extruded semi-conducting material
0.7 mm

0.5 mm

Material Cross Linked Poly Ethylene (XLPE) X
Thickness (nominal) 4.5 mm Wg
Thickness (minimum) : 3.95mm ] F""“ﬂ,_
N N Report No: TRC-0041432 Page 4\0;2/%
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4. Insulation Screen

Material

Thickness {nominal)

Thickness (minimum)

Core Diameter

5. Metallic Screen
Material

Wires (no. x dia.)
Tapes (no. x width x thickness)
Total C.S.A

Quter Diameter

6. Inner Sheathing
Material

Thickness (nominal)
Thickness (minimum)
QOuter Diameter

7. Armouring
Material

Tapes (no. x width x thickness)
qe

P et

A3y it Go el ASLodl
\_._T”"'" FHJ_!.Z.” BJU9

WM

Al LS

FoE Nou: A

Extruded semi-conducting material
(Strippable Type)
1.1 mm

1.02 mm

34 mm (Approx.)

Copper Wire Screen + Copper Tape
34 x 0.66 mm

1x15x0.1 mm

2

35 mm

35 mm (Approx.)

MDPE ST 7
2.0 mm
1.4 mm
80 mm (Approx.)
Wi
Steel Tape
."-.,_
2x 60 x 0.8 mm 7 Ve
W Report No: TRC-0041432 Page 50f 25
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Outer Diameter : 88 mm (Approx.)
8. Sheath
Material . PVC
Colour : Red
Thickness (nominal) > 3.8 mm
Thickness (minimum) : 2.8mm
Outer Diameter : 92 mm (Approx.)

Marking on Sheath
The following was embossed on cable’s outer sheath in English.

Bahra Cables Co., KSA, 3x300/ 35 mm®, AL/XPLE/STA/PVC, 8.7/ 15 kV,
IEC 60502-2, 2010.

Colour of the sheath : Red
3. PURPOSE OF THE TESTS

Purpose of these tests was to verify that the cable sample complies with
the specified requirements for electrical as well as non-electrical type tests as

per IEC-60502-2 (2005).

4. TEST PROGRAMME

The test programme carried out as per [EC 60502-2 (2005) was as follows:

4.1 Type Tests, Electrical WQ
@
4.1.1  Bending test, clause 18.1.3 \_
‘f? W Report No: TRC-0041432 Page 6 of- 5
s il 8] il
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4.1.2  Partial discharge test, clause 18.1.4
4.1.3 Tan é measurement in hot condition, clause 18.1.5
4.14  Heating cycle test, clause 18.1.6
4.1.5 Partial discharge test, clause 18.1.4
4.1.6  Impulse withstand voltage test, clause 18.1.7
4.1.7  Power frequency voltage test for 15 minutes, clause 18.1.7
4.1.8  AC voltage test for 4 hours, clause 18.1.8
4.1.9  Resistivity of semi-conducting screens, clause 18.1.9
4.2 Type Tests, Non-Electrical
4.2.1 Thickness measurement of insulation, clause 19.1
4.2.2 Thickness measurement of non-metallic sheath, clause 19.2
4.2.3 Test for determining the mechanical properties of insulation before and
after ageing, clause 19.3
4.2.4 Test for determining the mechanical properties of non-metallic sheath
before and after ageing, clause 19.4
4.2.5 Additional ageing test on pieces of completed cable, clause 19.5
4.2.6 Loss of mass test on PVC sheath of type ST-2, clause 19.6
4.2.7 Pressure test at high temperature on non-metallic sheath, clause 19.7
4.2.8 Test on PVC sheath at low temperature, clause 19.8
42,9 Test for resistance of PVC sheath to cracking (heat shock test),
clause 19.9
4.2.10 Hot set test for XLPE insulation, clause 19.11
4.2.11 Water absorption test on XLPE insulation, clause 19.13 ;,9
4.2.12 Shrinkage test for XLPE insulation, clause 19.16 }_/ -
4.2.13 Strippability test for insulation screen, clause 19.21 ,j;m?"f,‘;.
Ak oz~ Report No: TRC-0041432 Page 7 of 25
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Figure: (Cross-sectional view of the tested cable) B~
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5. DESCRIPTION OF THE TESTS AND RESULTS

The electrical type tests were carried out at the High Voltage
Laboratory of King Saud University by KSU testing team. The non-electrical
type tests were carried out at the Bahra Cables Laboratory by the Bahra Cable’s
personnel and these were witnessed by the King Saud University testing team.
5.1 Type Tests, Electrical (As per IEC 60502-2)

5.1.1 Bending test, clause 18.1.3

The cable sample was bent six times around a test cylinder with a
diameter of (20 (d+D) £ 5%) at the ambient temperature. The results are stated
in Annex 1, item 1.1.

Result
The test results met the requirement successfully.
3.1.2  Partial discharge test, clause 18.1.4

After the bending test as mentioned under 5.1.1, this cable was
examined for partial discharges in accordance with IEC 60885-2. The
sensitivity of the measuring circuit was checked with a calibrator. The
magnitude of the discharge at 1.73 U, was measured. The results are stated in
Annex 1, item 1.2.

Result

The test results met the requirements successfully. W/Q
b s N~
d-"‘.'“-u_ ;
o
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5.1.3 Tan 6 measurement in hot condition, clause 18.1.5

After the partial discharge measurement as mentioned under 5.1.2, the
dielectric losses were measured at an alternating voltage of 3 kV and a
conductor temperature of 95-100°C. The results are stated in Annex 1, item 1.3.
Result
The test results met the requirements successfully.
5.1.4 Heating cycle test, clause 18.1.6

The cable sample was subjected to 20 heating cycles. Each heating
cycle consisted of at least 8 hours. During the last 2 hours of each heating
period, the conductor reached a temperature of at least 95°C (5°C above the
maximum conductor temperature). This was followed by at least 3 hours of
natural cooling. The results are stated in Annex 1, item 1.4,
Result
The tested sample passed through the required number of heating cycles
successfully.
5.1.5  Partial discharge test, clause 18.1.4

After the heating cycle test, the cable sample was examined for partial
discharges. The sensitivity of the measuring circuit was checked with a
calibrator. The magnitude of the discharge at 1.73 U, was measured. The
results are stated in Annex 1, item 1.5.
Result
The test results met the requirements successfully.
5.1.6  Impulse withstand voltage test, clause 18.1.7 v}&

After the above mentioned tests, the test sample was subjected to

L]
I,
impulse voltages while the conductor was heated to a temperature of at least -
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95°C (5°C above the maximum conductor temperature). The test was carried
out in accordance with IEC 60230 and each core of the cable sample was tested
with ten positive and ten negative lightning impulse voltages of 95 kV. The
results are stated in Annex |, item 1.6.
Result
No breakdown occurred in any cable core during the application of impulses.
5.1.7 Power frequency voltage test for 15 minutes, clause 18.1.7

After completion of the impulse test, a power frequency (60 Hz)
voltage test was carried out. Each core of the cable sample was tested at a
voltage of 30.4 kV (3.5 U,) for 15 minutes in accordance with the
specifications. This test was carried out at ambient temperature. The results are
stated in Annex 1, item 1.7.
Result
No breakdown occurred in any cable core during this test.
5.1.8  AC voltage test for 4 hours, clause 18.1.8

After the above mentioned test, a voltage test with an alternating
voltage of 60 Hz was executed. The test sample was tested at 35.2 kV (4 U,)
for 4 hours in accordance with the above specification. The test was carried out

while the cable was at ambient temperature. The results are stated in Annex 1,

item 1.8.
Result
No breakdown occurred in any cable core during this test.
5.1.9  Resistivity of semiconducting screens, clause 18.1.9 V;Q
~
The sampling and ageing were carried out in accordance with
)
IEC 60811-1-2, clause 8.1.4 at a temperature of 100°C for 7x24 hours. The Q\
- vz )
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measurement was carried out at 90°C after 30 minutes of duration. The results
are stated in Annex 1, item 1.9.
Result

The test results met the specified requirements.

5.2 Type Tests, Non-Electrical (As per IEC 60502-2)
5.2.1 Thickness measurement of insulation, clause 19.1
The insulation thickness was measured on a representative piece of
cable in accordance with IEC 60811-1-1, clause 8.1. The results are stated in
Annex 2, item 2.1.
Result
The measured thicknesses met the specified requirements
5.2.2 Thickness measurement of non-metallic sheath, clause 19.2
The non-metallic sheath thickness was measured on a representative
piece taken out of cable in accordance with IEC 60811-1-1, clause 8.2. The
results are stated in Annex 2, item 2.2.
Result
The PVC sheath thickness met the specified requirements
5.2.3 Test for determining the mechanical properties of insulation
before and after ageing, clause 19.3
The sampling, preparation and measurements were carried out as
described in IEC 60811-1-1, clause 9.1. The ageing treatment was carried out
in accordance with IEC 60811-1-2, clause 8.1 at a temperature of 135°C for U;Q
-

7x24 hours. The results are stated in Annex 2, item 2.3.

@
o

i 1 _‘_/4:‘_. 1
:-? :. IM:/# @l\:“
) Report No: TRC-0041432 Page 12-0f25

aultil a4l gl o

P, 0. Box 804 . Rivadh 11421 Tel.: 4677108

Http://colleges.ksu.edu.sa / = —

Engineering /Pages/main.aspx 1SO s001
BUREAU VERITAS

EAYVY LAl YV EYY Lab A e

Certification l.l




= IM’.:irJ,

Kingdom of Saudi Arabia i I sy lh AL ol

Ministry of Higher Education SAlalt aubesll 5yl5g
King Saud University s A
. .
College of Engineering jfw Mu
dwdadt AU

Date.: a2t No.: o3

Resalt
The test results of all the three cores met the specified requirements.
524 Test for determining the mechanical properties of non-metallic
sheath before and after ageing, clause 19.4
The sampling, preparation and measurements were carried out as
described in IEC 60811-1-1, clause 9.2, The ageing treatment was carried out
as described in IEC 60811-1-2, clause 8.1 at a temperature of 100°C for
7x24 hours. The results are stated in Annex 2, item 2.4.
Result
The test results met the specified requirements.
5.2.5 Additional ageing test on pieces of completed cable, clause 19.5
The sampling, preparation and measurements were carried out as
described in IEC 60811-1-1, clauses 9.1 & 9.2. The ageing treatment was
carried out in accordance with IEC 60811-1-2, clause 8.1 at a temperature of
100°C for 7x24 hours. The results are stated in Annex 2, item 2.5.
Result
The test results met the specified requirements.
5.2.6  Loss of mass test on PVC sheath of type ST-2, clause (19.6)
The sampling and tests were carried out in accordance with
IEC 60811-3-2, clause 8.2 at a temperature of 100°C for 7x24 hours. The
results are stated in Annex 2, item 2.6.
Result
The test results met the specified requirements. V}g

i T i
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5.2.7 Pressure test at high temperature on non-metallic sheath,
clause 19.7
The sampling and tests were carried out in accordance with
IEC 60811-3-1, clause 8.2 at a temperature of 90°C for 6 hours. The results are
stated in Annex 2, item 2.7.
Result
The test results met the specified requirements.
5.2.8 Test on PVC sheath at low temperature, clause 19.8
The sampling and tests were carried out in accordance with
IEC 60811-1-4, clause 8.5 at a temperature of -15°C for minimum 4 hours. The
results are stated in Annex 2, item 2.8.
Result
The test results met the specified requirements.
5.2.9  Test for resistance of PVC sheath to cracking (heat shock test),
clause 19.9
The sampling and tests were carried out in accordance with
IEC 60811-3-1, clause 9.2 at a temperature of 150°C for 1 hour. The results are
stated in Annex 2, item 2.9.
Result
The test results met the specified requirements.
5.2.10 Hot set test for XLPE insulation, clause 19.11
The sampling and tests were carried out in accordance with
IEC 60811-2-1, clause 9 at a temperature of 200°C for 15 minutes under a ‘}/‘Q
—
o

mechanical stress of 20 N/cm?2. The results are stated in Annex 2, item 2.10.
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Result
The test results met the specified requirements.
5.2.11 Water absorption test on XLPE insulation, clause 19.13

The sampling and tests were carried out in accordance with
IEC 60811-1-3, clause 9.2: dry treatment carried out for 72 hours at 70°C,
followed by ageing in water maintained at 85°C for 14x24 hours, then
subjected to dry treatment for 72 hours. The results are stated in Annex 2,
item 2.11.
Result
The test results met the specified requirements.
5.2.12 Shrinkage test for XLPE insulation, clause 19.16

The sampling and tests were carried out in accordance with
IEC 60811-1-3, clause 10 at a temperature of 130°C for 1 hour. The results are
stated in Annex 2, item 2.12.
Result
The test results met the specified requirements.
5.2.13 Strippability test for insulation screen, clause 19.21

The sampling and ageing were carried out in accordance with
IEC 60811-1-2, clause 8.1.4 at a temperature of 100°C for 7x24 hours. The
results are stated in Annex 2, item 2.13.
Result

The test results met the specified requirements.

6. CONCLUSION ‘II/Q
~

The tested cable sample met all the specified requirements of the &

e
relevant clauses of the type tests as summarized earlier in sections 4 and 5. e
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7. KING SAUD UNIVERSITY TESTING/ WITNESSING TEAM

The tests were planned and carried out/ witnessed by the following
team of experts from High Voltage Lab, College of Engineering, King Saud

University.
1. Prof. A. A. Al-Arainy /ﬁ%\
Electrical Engineering Departraent

2. Prof. N. H. Malik _1/
Electrical Engineering Department .

3. Dr. M. L. Qureshi

Research Centre
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Annex 1
Results of the electrical type tests
Item Test Description Required/Specified Results Remarks
No.
1.1 |Bending Test 3 cycles around cylinder
with dia. ():20 (d + D)
+ 5%, conductor dia (d): ® = 1800 mm OK
20.656 mm and cable
outer dia. (D): 91.7 mm
-0 =2247.12 mm + 5%
1.2 |Partial Discharge Test Red Yellow Blue
1.73 U, =15kV, 60 Hz <5pC <5pC <5pC <5pC OK
1.3 |Tan 8 Measurement in Red Yellow Blue
Hot Condition
Conductor at 96°C <40x 10™* <5x10%[<sx10%|<5x10*| OK
At3kV,60 Hz
1.4 |Heating Cycle Test
20 cycles (8 hours) . .
conductor heated up to — Heatmgsﬁzizgjlrle LTI OK
96°C during heating B
Period
1.5 {Partial Discharge Red Yellow Blue
1.73 U,=15kV, 60 Hz <5pC <5pC <5pC <5pC OK
:’\'____.-:J' @

]
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Results of the electrical type tests (contd....)
Item Test Description Required/ Results Remarks
No. Specified
1.6 |[Impulse Voltage Test
10 impulses of +95 kV, and No No breakdown OK
10 impulses of -95 kV,, breakdown
conductor at about 96°C
1.7 |Power Frequency Voltage
Test
At ambient temperature No No breakdown OK
3.5Uy,=30.4 kV s breakdown
60 Hz for 15 min.
1.8 |AC Voltage Test for 4
Hours at Ambient Temp.
At 4 U, =352 kV s No No breakdown OK
60 Hz for 4 hours breakdown
1.9 (Resistivity of Semi- Red Yellow Blue
Conducting Screens
Ageing for 168 h at 100°C
1.9a [Conductor Screen (Q.m) (Q.m) (€2.m) (Q.m)
- Before ageing (Q2.m) <1000 2.49 0.68 0.92 OK
- After ageing (Q2.m) <1000 1.42 1.39 5.45 OK
1.9b (Insulation Screen
- Before ageing (Q2.m) <500 26.5 24.2 27.1 OK
- After ageing (Q.m) <500 11.1 5.8 24.2 OK
e
a>

Report No: TRC-0041432 Page 18025

2t sl gl

o

&
\

P. (3. Bux 800 . Rivadh 11421 Tel.: 4677108
Http://colleges.ksu.edu.sa /
Engineering /Pages/main.aspx

 1SO 9001
BUREAU VERITAS

Cenrtification

SAVYY A Bl YV EY Y Ll A




Kingdom of Saudi Arabia
Ministry of Higher Education
King Saud University

College of Engineering

a8 ‘!’J

Qe Burg

Gl

A
e j
“Eniger e

dgranlldu,ell 45141
ALY eeleilt 5,459

> A, o
W A\
dwddl LS

Date.: et Nou: PPl
200377t D111 11:14:00 ¥ 003768V 0M11 11:08:58
Pi: 95.17 (kV) Pk: 54.97 {kV)
T 399 {us) Th: 56.89 (us) TE .67 (ps) Th: 57.03 {us)
1000 — . 1000 — —
00.0 +——f" ‘ 0|
800 | 80| | |
00 | | 700 | |
$ 600 | S 600]
e 500 @ 500 |
g a0 b 9 8 400
£ 300 | ] $ 300 | S
200 ' 200 |
00 | J 100 |
DY A ——— j 00k
00— 10, -
.00 60.00 199 5o 60.00
Time (ps) Time (us)
7003780 031311 110937 #003770vE QY11 111015
Ph. 94.98 (kV) Pk. 84 .98 {k\)
TH 387 (s} Th 57.04 {ps) Tt 3.87 {us} Th: 57.04 (ps)
00,0 — e e 1000 ————————
80,0 ™ 90.0 If\
800 800 | |
o 708 ]
S 800 | $ 600 |
g »| | 5 o0 s
2 w0 5 400 | e G
£ o0 s 300 |
20| | ; 200 | -
100 | 100
D[)'_—I- - _..—‘ 00 ———— - s m———
-10.0 s A0 =
00 60.00 %9 % 60.00
Time (s} Time (ps)
¥00377ivi 0O 11.10:52 #003772 0311 111130
Pk 9505 Pk 8507 (kV)
TE 388 (ps) Th: $6.84 (us) TH 390 (us) Th: 5679 {ys)
1000 ——— 00— —
90.0 1N g0 ™
80.0 f ™ 80.0 !I \
700 N 700
— f B | l\m\' ?
$ 800 . S 600 Ny L2
a 500 P g 500 | T
& 400 TR 8 400 TR
$ a0 | ~] $ w0 T
200 | 200
10.0 [ 100 -
00 = I e _— 0.0 — il
-10.0 L R P—
00 60.00 19 50 60.00
Time (ps} Time {ps)
ot Positive impulse voltage applications -

Report No: TRC-0041432 Page

Gl 841 yil]

P. . Box 800, Rivadh 11421 Tel.: 3677108
Http:f/colleges.ksu.edu.sa /

Sngineering /Pages/main aspx

1S0 9001
BUREAU VERITAS

Certification

EAVYY LA Ll YV EYY el AL Lga



Kingdom of Saudi Arabia
Ministry of Higher Education
King Saud University

College of Engineering

f}-f}".'./ff' law l'r-/

dsgr il dppedt AS1oll
ALl @da i 585

’ 4 N
WA A\
dwdd) 3S

Date.: 709 Nou: tad I
HO0ITII QMY 1112208 #O03TTévf OW1I11 11:12:44
Plc 95.27 (V) Pk: 95.18 (kV}
Ti:3.82{ps} Th: 56.81 (ps) TF 391 {ps) Th; 56.86 {ps}
100.0 100.0 e
€00 900 | If"“
800, | 80.0 | |
7000 00
S 600 S 800
S 5000 | S 500 ™
& | 2 ~
& 400/ oy g 400 i
S a0 = $ 300 ~
20.0 200 | '
10.0 100 |
0.0 ——— 0.0
oy PR I oo ] 100
.00 50.00 00 60.00
Time {us) Time (ps)
#003775¢ 031131 1113:22 #003767v1 01311 11:08:2)
Pi 95.00 (av) Pk: 95.14 [(kV)
Ti:3.90 {ps} Th: 56 85 {us) T:3.89 (us) Th: 56.90 {ps)
100.0 ————————me 100.0 | :
90.0 | —* 90| i
80.0 _I! | 80| |
70.0 | 70.0
$ o) s e00 |
£ ' f- | B
g S00[ | g 00 ooy
& 400 | & 400 | ~
g a0 | | £ a0 ~—
200 - 200 |
10.0 100 | | '
0.0 —— — 00 o
-10.0 -10. | i
00 60.00 100 5 60.00
Time {ps) Time {us)
NP
~
o
= "-.,_.
A b Positive impulse voltage applications o/( 4] ;‘:-
Report No: TRC-0041432 Page 2 25

e
Ay iln asl il

P. 0. Box 800 ., Rivadh 11421 Tel.: 4677108
Http://colleges.ksu.edu.sa /
Engineering /Pages/main.aspx

Certification

CTYVAILA Ll VY ETY Laly i AL

pa



Kingdom of Saudi Arabia

-

o b’" /

At

dpsgr sl duypell AS Lokl

Ministry of Higher Education Lel} B
. . A Al mlezll Byl
King Saud University
College of Engincering ij/&) u
FIFNEYY 4..15“
Date.: ;& No.u: e
HO03779v 031X1111:23:09 #0370V QU111 11:2347
Pk, -93.86 PR 04,18 (kV)
TEA76{ys) Th: 5743 {ps) TH4.78 () Th: 57.65 (us)
0.0 | - 10.0
0 e 0.0
-10.0 | -10.0
200 -20.0
S -300 | | £ -30.0
- - ™
T 400 | S 400
g 500 8 500
$ 00 | ’ 2 500
70,0 | | -70.0
800 | | -80.0
90,0 | \ | -80.0
-100.0 I——~— 100,
00 60.00 1900 o5 60.00
Time (us} Time (ps})
H003781vl 03111 11:24:28 #OQATa 0AM3M1 19:25:05
YR ) PK: -94.17 (kV)
TE 479 (us) T 5769 (us) TE 486 {ps) Th: 57.81 (us)
10.0 e 100 |
[ e { 0.0 | i
-mo | ; 100 | | |
2000 | J 200 | {
$ 300 1 S 0| | s
g 400 | g 400 | e
& 500 g =00 T
> 00| | | $ .00 .
-70.0 1 | -70.0 | [
-80.0 ; -80.0 |
-900 | \ 9.0 '
-100.0 -100.0 - S
.00 60.00 9.0 1o 80.00
Time {ps) Tiene (us)
somm\rr 03’1311 11:25:45 AOOITBAV QIM111 11:26:24
15 (kV) P -84.13 {kV)
Ti: 432(;;5) TI1 57.70 {s) T 482 (us) Ti: 67.72 (us)
10.0 I —— ) 10.0 ——- e
0.0 i 0.0 Pt
-10.0 -10.0
200 | 200 |
$ 300 1 S 300 =
§ 00! =i T 400 _ N
§ 500 Lo g 500 | //
S 600 . S 600 g
700 St J00 |
w0l | 800 | | /
900 4 90,0 ot
-A00.0 —_— 100.0 oo -
.00 60.00 00 60.00 X
Time (s} Time {Ws)
— . oy
\ Negative impulse voltage applications \
Report No: TRC-0041432 Page 21 5
Sl st piu]
P. O. Box 800 . Rivadh 11421 Tel.: 4677108 CIVYY A sl VY EYY Ll A

Hitp://colleges.ksu.edu.sa /
Engineering /Pages/main.aspx

S

IS0 2001
BUREAU VERITAS

Certification




Kingdom of Saudi Arabia
Ministry of Higher Education
King Saud University

College of Engineering

S N I ey
pn s (——/

dngeanlf du, el <141
Alall @aleill a0

WM A

dwddt LS

Date.: zt Nou: w2 M
#003745¢ 0X13/11 11:27.02 #003786vf 0N 1311 11:27:41
Ph: -84.14 (V) Pic +54.33 (k)
T 484 {ys} Th: ST.7C (s} TH4.84 (ys) Th 57.73 (us)
10.0 100 —
0.0 0.0 —— —
00 |- 100} |
-20.0 -20.0 i
S a0 | 5 300 i
T 400 . T 400, s
§ 500 500 | e
B | 3 !
> -B0.0 > 800
T00 | T00 |
800 | 800 | .
-80.0 1 -90.0 | L/ |
100.0 | S
.00 60.00 00, 60.00
Time {ps) Time (ps)
¥ 003TATV 011 11:28.20 #003788vE 0311112859
Pk: -54.02 (kV} Pk: -04.04 (RV)
Ti: 4.83 {ps) Th: 57.80 (us) TH 485 (us) Th: 57.87 (us)
100, - - 00— g
0.0 —_— 0.0 f—r
1
00 -10.0 I- I |
-20.0 \ 200
5 -30.0 1 S 300 i
= -
s w0 | el S 400 i
s 00| | g 500 i
S 00| | S s00 | P
000 00| s
800 | ! 800 | /
-90.0 W 80,0
-100.0 - -100.0 |— ----- e
00 60.00 60.00
Time (us) Time (ps)
- o
o B e
\ Negative impulse voltage applications @
Report No: TRC-0041432 Page 2 5
n.u.lthluél L)
P. 0. Box 800, Rivadh 11421 Tel: 4677108 £TVVY A eile VVETY Lal AL e

Http://coleges.ksu.edu.sa /
Engineering /Pages/main.aspx

I1SO 9001
BUREAU VERITAS

Certification



f%;"‘yf,'lw I(._{'

Kingdom of Saudi Arabia apgranll duyell a<lgll
Ministry of Higher Education g L ALl oulesll )k
King Saud University §, i Y
College of Engineering @ ; 5)‘/ C/“}) Mu
ENGD dwdd) 418
i
Date.: 7t No S
Annex 2
Results of the non-electrical type tests
Hem Test Description Required/ Results Remarks
No. Specified
2.1 [Thickness
2.1(a} [Thickness of Insulation Red Yellow Blue
- Thickness, nom. (mm) 4.50 4.57 4.63 4.59 OK
- Thickness, min. (mm) 3.95 4.43 4.56 4.54 OK
- (Tmax - Tnin} Tinax {mMax) 0.15 0.04 0.04 0.03 OK
2.1(b) [Thickness of Conductor Screen
- Thickness, min. {mm) 0.41 1.016 0.954 1.018 OK
- Thickness, nom. (mm) 0.7 1.073 1.034 1.067 OK
Thickness of Insulation Screen
2.1(¢) |- Thickness, min. {(mm) 1.02 1.06 1.12 1.10 OK
- Thickness, nom. (mm) 1.10 1.21 1.23 1.21 OK
2.2 |Thickness of Outer Sheath
- Thickness, nom. {mm) 3.8 3.95 OK
- Thickness, min. {mm) 2.8 32 OK
2.3 |Test for Determining the Red Yellow Blue
Mechanical Properties of
Insulation Before and
After Ageing
168 h at 135°C
2.3a |Tensile Strength
- Before ageing (N/mm?) =125 25.4 305 28.1 OK
- After ageing (N/mm?) S 28.6 284 27.5 0K
- Variation (%) +25 +12.60 -6.89 -2.14 OK
2.3b |Elongation at Break
- Before ageing (%) 2200 5296 548.6 549.2 OK
- After ageing (%) s 581.3 571.5 561.3 OK
- Variation (%) +25 +9.76 +4.17 +2.20 OK
2.4 [Test for Determining the
Mech. Properties of Non-
Metallic Sheath Before &
After Ageing
2.4a |Tensile Strength
168 h at 100°C
- Before ageing (N/mm?) 2125 18.5 OK
- After ageing (N/mm?) 2125 16.7 OK
- Variation (%) %25 -9.73 OK
2.4b |Elongation at Break
- Before ageing (N/mm?) > 150 213.8 V/Q OK
- Afier ageing (N/mm?) > 150 201.1 orR
- Variation (%) +25 -5.94 — | kN
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Results of the non-electrical type tests (contd....)
Item Test Description Required/ Results Remarks
No. Specified
2.5 |Additional Ageing Test on Red Yellow Blue
Pieces of Completed Cable
168 h at 100°C
XLPE Insulation
2.5a |Tensile Strength
- Combined ageing (N/mm?) — 30.6 27.6 293 OK
- Variation (%) + 25 +20.47 -9.51 +4.27 OK
2.5b |Elongation at Break
- Combined ageing (%) S 577.35 552.8 561.2 OK
- Variation (%) +25 +9.02 +0.77 +2.18 OK
PVC Sheath
2.5¢ [Tensile Strength
- Combined ageing (N/mm?) — 15.95 OK
- Variation (%) +25 -13.78 OK
2.5d |[Elongation at Break
- Combined ageing (%) S 201.7 OK
- Variation (%) + 25 -5.66 OK
2.6 {Loss of Mass Test on PVC
Sheath of Type ST-2
168 h at 100°C
- Permissible loss of mass <15 0.26 OK
(mg/cm?)
2.7 [Pressure Test at High
Temperature on Non-
Metallic Sheath
6 hours at 90°C
- Max. depth of indentation (%) <50 15.29 OK
2.8 [Test on PVC Sheath at
Low Temperature
2.8a |Elongation Test
- At low temp. -15°C (%) =20 177.58 OK
2.8b |Impact Test
- At low temp. -15°C No crack No crack —~ OK
L]
.
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Item

Test Description

Required/
Specified

Results

Remarks

2.9

Test for Resistance of PVC
Sheath to Cracking (Heat
Shock Test)

1 hat150°C

No crack

No crack

OK

2.10

Hot Set Test for XLLPE
Insulation

15 min. at 200°C and 20 N/cm?
- Elongation Under Load (%)

- Permanent Elongation

After Cooling (%)

<175
<15

Red

Yellow

Blue

78.00
4.45

108.75
3.30

64.43
1.18

OK
OK

2.11

Water Absorption Test on
Insulation

Dry treatment: 70°C, 72 h

14 days in water at §5°C

Dry treatment again 70°C, 72 h
- Maximum increase of mass

< 1.0 mg/cm?

Red

Yellow

Blue

0.11

0.10

0.11

OK

2.12

Shrinkage Test for XLPE
Insulation

1 hour at 130°C

- Shrinkage (%)

Red

Yellow

Blue

0.75

0.5

0.25

OK

2.13

2.13a

2.13b

Strippability Test for
Insulation Screen
168 h at 100°C
Before Ageing
Minimum (N)
Maximum (N)

After Ageing
Minimum (N)
Maximum (N)

Red

Yellow

Blue

204
28.2

14.6
15.8

21.0
273

12.5
19.2

19.7
32.0

10.6
12.0

OK
OK

OK
OK

r%“h/
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ADDENDUM

TO REPORT # TRC-0041432

Type Test on 8.7/ 15 kV Cable
Type: 3x300/ 35 mm? AL/XLPE/STA/PVC

Manufacturer: Bahra Cables Company, Jeddah, Saudi Arabia

Testing Conducted and Report Issued By

Prof. A.A. Al-Arainy, Prof. N.H. Malik and Dr. M.L. Qureshi

High Voltage Laboratory, College of Engineering
King Saud University, Riyadh, Saudi Arabia

Testing Conducted for

Bahra Cables Company,

Jeddah, Saudi Arabia i
Volpge ™! it
Aze Labaratory
Jumada I, 1432 H
April, 2011 AD
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1. INTRODUCTION

Bahra Cables Company, Jeddah, Saudi Arabia requested High Voltage
Laboratory, King Saud University (KSU) to perform electrical type tests and
witness non-electrical type tests as per IEC 60502-2 (2005) on a sample of
3x300/ 35 mm? 8.7/ 15 kV, Aluminium conductor, XLPE insulated cable with
steel tape armour and PVC outer sheath. A test report # TRC-0041432 dated
March, 2011 was issued for this testing program. After this report the client
(Bahra Cables, Jeddah) requested to include: (i) test dates for different tests,
and (ii) to carry out flame spread test as per IEC-60332-1 on the same cable
sample. This addendum provides this additional information and should be

considered as an addition to the above refered test report.

2. TEST DATES

Test dates of different electrical and non-electrical type tests reported
in TRC-0041432 are given in the following table.

Item Test Description Test Date
No.
1.1 |Bending Test 06/02/2011
1.2 [Partial Discharge Test 06/02/2011
1.3 ITan 8 Measurement in Hot 23/02/2011
Condition
1.4 {Heating Cycle Test 22/02/2011 to 06/03/2011
1.5 |Partial Discharge Test 09/03/2011
1.6 |Impulse Voltage Test 13/03/2011
1.7 |Power Frequency Voltage Test 14/03/2011
1.8 |AC Voltage Test for 4 Hours 14/03/2011
1.9 (Resistivity of Semi-Conducting 09/03/2011
Screens o
- \.
h\ﬁf«' o
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Test Dates (Contd....... )
Item Test Description Test Date
No.
21& - 08/03/2011
22 Thickness Parameters of Cable
2.3 [Test for Determining the Mechanical
Properties of Insulation Before and | 06/02/2011 until 15/02/2011
After Aging
2.4 ([Test for Determining the Mechanical
Properties of Non-Metallic Sheath | 06/02/2011 until 15/02/2011
Before and After Aging
2.5 |Additional Ageing Test on Pieces of .
Completed Cable 27/02/2011 until 08/03/2011
2.6 |Loss of Mass Test on PVC Sheath 06/02/2011 until 13/02/2011
2.7 [Pressure Test at High Temperature
on Non-Metallic Sheath 16/02/2011
2.8 |[Tests on PVC Sheath at Low 16/02/2011
Temperature
2.9 [Test for Resistance of PVC Sheath to
Cracking (Heat Shock Test) 15/02/2011
2.10 |[Hot Set Test for XLPE Insulation 15/02/2011
2.11 [Water Absorption Test on Insulation | 12/02/2011 upto 05/03/2011
2.12 |Shrinkage Test for XLPE Insulation 16/02/2011
2.13 |Strippability Test For Insulation 14/03/2011
Screen

3. FLAME SPREAD TEST

This test was carried out on the same cable of cable as tested earlier for
report # TRC 0041432. The test was performed as per IEC-60332 (Pt. I)

Characteristic Test Data

Cable Overall Diameter = 91.75 mm
Flame Application Time = 480+2 s

w07

&
e, Y

N
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Test Results
Test Parameter Test Requirement | Test Results Comment
(1) Distance between lower ‘
edge of top support to the > 50 mm 312 mm OK
onset of charring
(2) Distance between lower
edge of top support to the <540 mm 510 mm CK
lower onset of chairing

Conclusions
The tested sample successfully passed this test also.

4. KING SAUD UNIVERSITY TESTING/ WITNESSING TEAM

The tests were planned and carried out/ witnessed by the following
team of experts from High Voltage Lab, College of Engineering, King Saund

University.

! " f"‘”\%
1. Prof. A. A. Al-Arainy '”/B\“\"'o“

Electrical Engineering Department

. \\\\
3. Prof. N. H. Malik NV N%
C_’_/

Electrical Engineering Department

O

3. Dr. M. L Qureshi \}}'
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