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Pioneer Electrocables (P) Ltd. started its commercial production in the year 1988 at Biratnagar
(Nepal) and has steadily and impressively grown to become a leading producer of all type of Wires
& Cable.

Due to our quality and competitive pricing PIONEER CABLE has become the first choice of
most electricians, architects and engineers.

The factory is well equipped to manufacture & test products in conformity with National &
International standards or to any special requirement of customer. Our team of engineers & consultants
ensure that all cables are made to the highest of quality and for almost two decades we have an
outstanding record of trouble free services.

Various technical information of our product have been included in the catalogue to assist in
selection of suitable product. On enquiry our technical personnel will be pleased to provide all kinds
of technical assistance and other services as required. Our motto is to delight our customers with
best of our quality & services.

Since our company complies with ISO 9001 standard it becomes imperative to ensure the best
quality products to our valued customers within the country and in global market.

We are continuously working towards making our customers delighted with our service &
product quality.
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4+ First manufacturer to manufacture multicore cables up to 500 sq.mm. and single core upto
1000 sq.mm.

+ First cable company in Nepal to achieve quality certificate of ISO 9002 now upgraded to 9001.
+ First manufacturer of XLPE Insulated Power Cables.
4+ First manufacturer of Aerial Bundled Conductor Cables.
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Copper : Cables are made from high conductivity, electrolytic grade annealed Copper having
purity>99.90% and conforming to the IS 8130/BS 6360 Standards.

Aluminium : Electrically pure Aluminium wires of EC grades is used according to the application
confirming to the IS 8130/BS 6360 standards.

PVC :  Specially formulated PVC compound is imported from world's most reputed company
in Europe, USA and Asia and meets/exceeds the requirement of IS 5831/BS 6746
standards.

XLPE . Silane grade XLPE compound with high dielectric strength and UV resistance is
imported from renowned suppliers like Borouge & LG Chemicals.

Steel : Armouring strip and wire confirming to 1S:3975 is sourced from reputed Indian

manufacturers with ISI mark.
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OUR OTHER PRODUCTS

1. Multistrand House Wiring Cable: These cable are used in domestic single
phase wiring. It is made of fine wires as per IS 694 & NS 342. The wires are
twisted to give more strength to prevent from wire breakage & hence heating.

2. Concentric Cable: itis used from Pole to Meter a service drop cable for the end
user foruseona400/230V uniground system.

3. Single & Multicore Cable: These cables are used in 3 phase application to
power machine tools, appliances, control panels, machinery and these cables
are made as perIS8130, IS 694.

4. Power & Control Cables: These cables are used in industrial application for
supplying low voltage power to machines and are made as per IS 8130, IS 1554
(1)IS7098 (1).

5. Telecom Cable:
a) Pair Cables upto 300 pair with/without tinned copper conductor ,
with/withoutarmouring, with/without messenger.
b) Self supporting Drop Wire with 40% conductivity Copper coated steel
wire as per BS 4087 to meet the requirements of Nepal Telecom.
c) 2 Pair Self supporting Distribution Wire (SD Wire)
d) House wire and Jumper Wire

6. Submersible 3 core Flat Cables with flexible copper conductor as per IS 694
with specially formulated abrasion resistant PVC impervious to water, oil etc.

7. Auto Cable & Battery Cable as per BS 6862 and IS 2465 with heat resistant
PVCInsulation as approved by automative industry.

8. Aerial Bundled Cable Conductor as per BS 7870 (5) and IS 142555 with XLPE
insulation to meet the standards of Nepal Electricity Authority and various
Indian Electricity Boards.

9. Overhead Transmission Conductors like ACSR, AAC, AAC, AAAC conductors
upto 500 sq.mm. as per BS 215/1S 398/NS 259 are available. We are regular
supplier to transmission conductors to Nepal Electricity Authority (NEA).

10. Instrumentation Cable as per IS: 1554, 1S:3975, 1S:5831 with braided /taped
screening, drain wire, and cable construction so as to give maximum flexibility
to the customers.
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TESTS & QUALITY CONTROL

Raw Materials Control

All raw materials undergo rigorous testing for their suitability in the manufacturing process.
PIONEER has laid down its own specifications for these raw materials after years of experience in
line with the requirements of national & international standards and no compromise is allowed. A
highly qualified and experienced group of technicians ensure that no substandard material is used
in the manufacturing of Pioneer Cables.

Process Control

A team of trained Quality Control Engineers are engaged in checking process variables in every
manufacturing step. Any deviation from standard process specification is immediately brought to the
notice of Shop floor Supervisors and corrective actions is taken without any delay. Following chart
explains the salient features of the process inspection carried out in our works:

Process Checks

Stranding Surface of conductor, number of wires, wire dia, lay ratio and
dimensions of conductor.
Conductor Resistance,

Surface, thickness and concentricity of insulation and dimensions
of insulated conductor.

. Spark testing.

Direction of lay sequence of cores, lay length, circularity of cable

and dia over laid up cores
‘l‘hiclmessofFVCtapes thickness of inner sheath.

Extruded/ PVC Inner Sheath Surface, thickness of inner sheath and diameter over inner sheath.
Armouring Number and dimensions of armour wires, direction of lay, uniformity
and diameter over armouring.

Thickness and concentricity of outer sheath and OD of cable.
Embossing/Printing of company's name and voltage grade of cable.

Final Testing Each and every drum of cable is tested as per scheme of testing and
in:ggﬁn as specified in Bureau of Indian Standard relevant
st :

Insulation (XPLE/PVC)

Laying-up

c 8o o P

Outer Sheath

op

Picture of Plant/Lab
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NEPAL STANDARD FOR MULTISTRAND (NS 344)
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INDIAN STANDARD CERTIFICATE

FOR MULTISTRAND (IS 694)
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PVC INSULATED POWER & CONTROL CABLE

TYPICAL EXAMPLES OF DESIGN & CONSTRUCTION
AS PER IS 1554 (1)

Power Cable
Steel Strip, Armoured

%:I_. As per IS
Conductor: 8130 Conductor:
EC Grade High Conductivity,
Aluminium Electrolytic Grade Copper
— Insulation: 5831 Insulation:
PVC type PVC type
AorC AorC
— Inner Sheath: 5831 Inner Sheath:
PVC PVC ly%
ST10RST2 ST10RS
— Armour: 3975 Armour:
Galvanised Galvanised
Steel strip Steel Strip
Duéer Sheath: 5831 Outer St;:auth
PVC type PVC type
ST1orST2 STl1orST 2

Classification of PVC Compound

Type Application

A Insulation

¢ Insulation

ST1 Sheath

ST2 Sheath
Core ldentification

For Power Cables and Control Cables up to
5 cores, the cores are identified by different
colours as per IS 1554:

Single core : Red, Black, Yellow or Blue

: Red and Black

: Red, Yellow and Black

3Y%2core Red, Yellow, Blue and reduced
neutral core in Black

4 core : Red Yellow, Blue and Black

5 core : Red Yellow, Blue, Black and Grey

Where the numbers of cores exceed 5, two
adjacent cores are blue for reference and yellow
for direction in each layer. The remaining cores
in each layer are grey.

On specific request we can also provide core
numbering for Control cables.

Note : The entire range of Power and Control cables can be supplied with Flame Retardant Low Srnoke (FRLS)

Control Cable
Steel Strip, Armoured

Max Conductor Temperature
70°C
85C
70°C
90°C

Product Code

As per IS 1554 / Part - 1 / 1988, the product
is coded by alphabets :

Aluminium Conductor

{No abbreviations are used for copper.)
PVC insulation

Steel round wire armour

Steel strip armour

Steel double round wire armour

Steel double strip armour

PVC outer shea Y
Al wire armour AW

This product code is stenciled on the surface
of the drum flange.
Note : Conductor constructions classified as :
) 5 : single strand
ulti-stranded circular

T'm
Sm sector shaped

émE< >

FF

sheaﬂ'ung These cables are also manufactured as per International Standards viz. BS 6346, IEC 502 etc
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TABLE 1: PROPERTIES OF COPPER AND ALUMINIUM

Copper Copper | Aluminium | Alumini
Properties Annealed Hard Hard um
drawn drawn ¥4 Hard
Conductivity (%) 100 97 61 61
Density at 20°C (gm/cc) 8.89 8.89 2.703 2.703
Coeff. Of Linear Exp. (/°C x 10-) 17 17 23 23
Melting point (°C) 1083 1083 659 659
Specific heat (Cal/gm) 0.092 0.092 0.23 0.23
Thermal conductivity at 0-100°C 0.9 0.92 0.54 0.54
(cal/cm/sec/°C)
Resistivity at 20°C (micro ohm-cm) 1.724 1.771 2.845 2.845
/T%Tp coeff. of Resistance at 20°C ( 0.00393 | 0.00381 |  0.004 0.004
Ultimate Tensile Stress (Kg/mm?) 053 420 14.8-19 115-15.5
(Approx)
Young's modulus, (Kg/mm2) 12600 7000 7000

TABLE 2: COMPARISON BETWEEN COPPER AND ALUMIMIUM CONDUCTOR

Particulars Copper | Aluminium
For Equal Resistance
1.Area ratio for round conductor 1 1.61
2. Diameter ratio for round conductor 1 1.27
3. Weight Ratio 1 0.48
For Equal Current & Temp. Rise
1. Area ratio for round conductor 1 1.39
2. Diameter ratio for round conductor 1 1.18
3. Weight Ratio 1 0.42
For Equal Diameter
1. Resistance ratio 1 1.61
2. Current carrying capacity 1 0.78

<8>
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TABLE 3: RESISTANCE OF CONDUCTORS AS PER IS 8130

Area Maximum resistance of Conductor at 20°C
, Copper Conductor Aluminium
mm Plain Wires Tinned Wires (ohm/km)
(ohm/km) (ohm/km)
1.0 18.1 18.2 -
1.5 12.1 12.2 18.1
2.5 7.41 7.56 12.1
4.0 4.61 4,70 7.41
6.0 3.08 3.11 4.61
10.0 1.83 1.84 3.08
16.0 1.15 1.16 1.91
25.0 0727 0.734 1.20
35.0 0.524 0.529 0.868
50.0 0.387 0.391 0.641
70.0 0.268 0.270 0.443
95.0 0.193 0.195 0.320
120.0 0.153 0.154 0.253
150.0 0.124 0.126 0.206
185.0 0.0991 0.100 0.164
240.0 0.0754 0.0762 0.125
300.0 0.0601 0.0607 0.100
400.0 0.0470 0.0475 0.0778
500.0 0.0366 0.0369 0.0605
630.0 0.0283 0.0286 0.0469
800.0 0.0221 0.0224 0.0367
1000.0 0.0176 0.0177 0.0291

TABLE 4: RESISTANCE CORRECTION FACTOR AT DIFFERENT TEMPERATURES

o Temperature Correction Factor
Temperature °C —
Copper Aluminium

5 0.9411 0.9396
10 0.9607 0.9597
15 0.9804 0.9798
20 1.0000 1.0000
25 1.0197 1.0202
30 1.0392 1.0403
35 1.0589 1.0604
40 1.0786 1.0806
45 1.0982 1.1008
50 1.1179 1.1209
55 1.1375 1.1410
60 1.1572 1.1612
65 1.1768 1.1814
70 1.1965 1.2015
75 1.2161 1.2216
80 1.2358 1.2418
85 1.2555 1.2620
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ENGINEERING INFORMATION & USEFUL 3-PHASE FORMULAE

1. Phase current in 3-Phase Star Connection = Line Current

2. Phase current in 3-Phase Delta Connection = Line Current/1.732

x 1 xLi x x
3. KW= KVAXPower factor = H.P.x746 _ Line amps XLine volts x 1.732 x p.f.
1000 x efficiency 1000
4 KVA = KW _ H.Px746 _Lineamps % Linevoltsx 1.732
p.f 1000x% efficiency* p.f 1000
KW % 1000 _  KVAx1000 _ H.P x 746

5. Current Line in 3 phase AC= = =
Linevolts X 1.732p.f  Linevolts x 1.732  Linevolts x 1732 x efficiency X p.f

H.P x 746

6. Current in Single Phase AC = .
Linevolts X p.f Xefficiency

_ KW %1000 x efficiency_VAx1000% efficiency* p.f _ Lineamps* Linevolts % 1.732 X efficiency* p.f
746 746 746

1. HP

8. Voltage Drop:
a. Voltage Drop in 3-Phase AC Circuit, per km = 1.732 x Line Amps X Resistance of 1 Core at t°C
b. Voltage Drop in DC or 1-Phase AC Circuit, per km = 2 x Line Amps x Resistance of 1 Core at t°C

Note: (1) Formula 8(a) & 8(b) strictly apply when the load power factor is unity. Where the load
power factor is not unity the formulae may be used with reasonable accuracy for conductor
size upto 70 mm®.

(2) Safely permissible Voltage Drop should be in single phase = 2.5% of 230V and
in 3-phase =2.5% of 400V.

9. Short Circuit Rating, 1y, =E
t

Where,
L = Short circuit current in kilo amps during the time t.
K = Constant for G.P. PVC insulated cables for Aluminium K=0.076 & for Copper K=

0.115, For H.R. PVC insulated cables for Aluminium K=0.069 & for Copper K=0.104,
For XLPE insulated cable for Aluminium K=0.094 & Copper K=0.1448.

A = Cross sectional area of conductor in sq.mm.

t = Duration of short circuit in second.

TABLE 5: STANDARD WIRE GUAGE

SWG | mm SWG mm SWG mm SWG mm SWG mm
11 2.9464 19 1.0160 27 0.4160 35 0.2134 43 | 0.0914
12 2.6416 20 0.9144 28 0.3759 36 0.1930 44 | 0.0813
13 2.3368 21 0.8128 29 0.3454 37 0.1727 45 | 0.0711
14 2.0320 22 0.7112 30 0.3150 38 0.1524 46 | 0.0610
15 1.8288 23 0.6096 31 0.2946 39 0.1321 47 | 0.0508
16 1.6256 24 0.5588 32 0.2743 40 0.1219 48 | 0.0406
17 1.4224 25 0.5080 33 0.2540 41 0.1118 49 | 0.0306
18 1.2192 26 0.4572 34 0.2337 42 0.1016 50 | 0.0254

<o>
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GENERAL NOTES ON CURRENT CARRYING CAPACITY OF CABLES

Following main factors affects the current carrying capacity of a cable:

1. Conductor Material
Basically the conductor material decides the current carrying capacity. Therefore, the current
carrying capacities of copper cables are different from the current carrying capacities of
Aluminium cables with the same conditions.

2. Conductor Cross Sectional Area
Conductor Cross Sectional Area decides the capacity of the rate of electrons flow through
the conductor. Therefore, the current carrying capacity increases when the cross section area
of the conductor increases.

3. Insulation Material
Insulation Material decides the conductor operating temperature limits and therefore the
current carrying capacity varies according to the insulation material.

Conductor Material Insulation Material Conductor Ope.ra.t llzg
Temperature Limit/°C
70°C General purpose PVC 70°C
Copper / Aluminium 80°C Heat resistant PVC 85°C
90°C Thermosetting (XLPE) 90°C

4. Number of Cores in the Cable
Each current carrying core contributes heat to warm up the cable and therefore, the current
carrying capacity reduces as the number of phase conductors in the same multicore cable is
increased.

5. Method of Installation of Cables for one Circuit
The method of installation of cables in one circuit decides the current carrying capacity of
the conductor since, the heat emission depends on the method of installation. e.g. Current
carrying capacity of a cable inside a non-metallic conduit or trunking is less than when the
same cable is in the open air.

6. Ambient Temperature (Surrounding Temperature of air or soil)
If the surrounding temperature is higher than the standard Ambient Temperature (40°C for
air & 30°C for ground/soil), then the current carrying capacity should be corrected by the
relevant correction factors. Because, when the surrounding temperature increases the rate of
heat emission of the cable becomes slow.

7. Grouping of Cables sets in different circuits
When numbers of cables in different circuits are grouped together, each set of cables
contributes heat for total temperature rise. Therefore, the current carrying capacity should be
corrected using the grouping correction factors accordingly.

8. Bonding of Armour of Single Core Armoured Cables

If single core armoured cables are bonded at both ends, then it results in circulating current.
In such case, the cable must be derated to 70% as circulating current generates heat.

<>
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Installation Methods of single-core and multi-core cables
In Domestic and Industrial and Industria wiring

Method 1
(1) Sheathed Cables "Clipped Direct” to or "Laying on a non-metallic surface”

Method 2

{I). Single core non-sheathed Cables in metallic or non-metallic conduit
on a wall or ceilling

(I1). Sheathed Cables in ducts or voids formed by the building structure
{Dw.,l pd:'rlmeter is grah.r lhun 5:; Lahle uvcrall dlamq.ler or sum of cable diameters)

(I1I). Cables in trunking on a wall or suspended in the air.

oo [a] L]

(IV). Cables in ﬂush ﬂﬂurnr trunkmg

Method 3

Enclosed in Conduit in thermally insulating wall

Method 4 i
Sheathed Cables on a perforated cable tray
{ Tray with holes occupy at least 30%of surface area) m
]

Method 5
Cables Suspended free air

Mote: All 3 Phase Single Core Cables must be laid in RY B Pattern in Trefoil or Flat Formation.
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Installation Thumb Rule

Basic factors to be considered for cable installation:

- Proper selection of the cable as per given design.

- Identification of the starting point of the cable before unrolling form the drum.

- Arrangement of the axial movement of the drum before unrolling.

- Complete arrangement of cable laying path (cable trench/cable duct/cable tray etc.)
including all accessories and materials.

- Actual measurement of cable length to be installed, with the addition of 10% as spare
and termination length.

- Calculation of bending radius of the cables if bending is encountered in the cable route.
Wherever possible bending radius 12 times the overall diameter of the cable should be
maintained but in any case it should not be less than 8 times. At very low temperatures,
PVC Compound becomes stiff and brittle so cable should not be bent to very small
radius or struck hard.

- Marking and cutting of cable length using appropriate cutting tools.

- Meggering of the cut length of cable to ensure the continuity and insulation value.

- Laying/pulling the cable without any mechanical shears and injuries.

- Arrangement of the cut length for all metallic components including metal armour at
both ends of the cable.

- Proper and skillful splicing of the cable at both ends.

- Corresponding size cable sockets are mandatory for all cables above 6 mm®.

- Cable socket must be fixed with suitable crimping tools.

- All incoming and outgoing terminating points of cable in panels must be weather or
vermin proof.

- All cable inside panels & DBs must be tightened in proper way.

- Cable route marking arrangement is mandatory in all underground installations.

- After installation, a D.C. voltage test is to be carried. Each core should be tested at 4 kV
against others and the armour, the latters connected to earth. The voltage should be
increased gradually to full value and maintained continuously for 15 minutes. No
Breakdown of insulation should occur during test.

O Pioneer Electrocables (P.) Ltd.



CONTINUOUS CURRENT RATINGS

The current ratings given are based on the following conditions of laying: -

Maximum Conductor Temperature : 70°C for G.P.PVC Insulated cables.
85°C for H.R.PVC Insulated cables.
90°C for XLPE Insulated cables.

Ground temperature : 30°C
Ambient air temperature :40°C
Thermal resistivity of soil for PVC/ XLPE : 150(cm°C)/w

Depth of laying : 750mm
(for cable laid direct in ground and ducts)

Type of Installation
Twin, Three and Multi-core cable : Laid single
Single core cable : 3 cables in close trefoil formation

Rating Factors

In actual practice the condition of installation may be different than those given above.
Therefore to determine the continuous current rating under the actual operating conditions, the
tabulated current rating should be multiplied by the appropriate rating factors given in table 5 -
13.

Note: For cables with heat resistant (Type C) insulation the continuous current ratings are
increased as follows:
1) In ducts and ground by 14 percent.
2) In air by 20 percent.

TABLE 6: RATING FACTORS FOR GROUPING OF SINGLE CORE CABLES LAID
DIRECT IN GROUND IN HORIZONTAL FORMATION.
(3 Cables in Trefoil Touching in RYB Formation)

Number SPACING

qf Circuit Touching 15c¢cm 30cm 45cm 60cm

in group
2 0.76 0.81 0.86 0.88 0.89
3 0.66 0.71 0.77 0.81 0.83
4 0.61 0.64 0.72 0.77 0.80
5 0.56 0.60 0.68 0.73 0.76
6 0.53 0.56 0.66 0.72 0.76
7 0.51 0.55 0.64 0.69 0.74
8 0.48 0.53 0.63 0.68 0.74
9 0.46 0.52 0.62 0.67 0.73
10 0.45 0.51 0.60 0.66 0.73
11 0.44 0.50 0.59 0.66 0.72
12 0.43 0.49 0.59 0.65 0.72

TABLE 7 : RATING FACTORS FOR VARIATION IN GROUND TEMPERATURE FOR
CABLE LAID DIRECT IN GROUND AND DUCT.

Ground temperature (°C) R 20 25 30 35 40 45 50
Rating factor 117 | 112 | 1.06 | 1.00 | 0.94 | 0.87 | 0.79 | 0.71

<G>
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TABLE 8: RATING FACTORS FOR MULTI CORE CABLE LAID ON RACKS IN AIR.
(With Cable Touching)

No. of Number of cable per rack
racks 1 2 3 6 9
1 1.00 0.84 0.80 0.75 0.73
2 1.00 0.80 0.76 0.71 0.69
3 1.00 0.78 0.74 0.70 0.68
6 1.00 0.76 0.72 0.68 0.66
TABLE 9: RATING FACTORS FOR VARIATION IN AMBIENT AIR TEMPERATURE
Air temperature (°C) 20 25 30 35 40 45 50
Rating factor for PVC 1.32 1.25 1.16 1.09 1.00 0.90 0.81
Rating factor for XLPE - - - - 1.00 0.95 0.20
TABLE 10:RATING FACTORS FOR VARIATION IN DEPTH OF LAYING IN GROUND.
(Single Core)
Depth of laying
Upto 1800
. (mm) 750 900 1050 1200 1500 & above
Size
Up to 25mm? 1.00 0.99 0.98 0.97 0.96 0.95
2
Above2Smm” &upto | 4, | 98 | 097 | 096 | 0.94 0.93
300mm
Above 300mm? 1.00 0.97 0.96 0.95 0.92 0.91
TABLE 11: RATING FACTORS FOR VARIATION IN DEPTH OF LAYING.
(Twin and Multicore Cables Laid In Single Way Ducts)
Deph U 400
of pto 5400 or
laying 750 900 | 1050 | 1200 | 1500 | 1800 | 2700 | 3600 | 4500 more
(mm)
Rating | 4 55 | 099 | 098 | 097 | 096 | 095 | 092 | 091 | 090 | 0.9
factor

TABLE 12: RATING FACTORS FOR GROUPING OF TWIN AND MULTICORE CABLES

LAID DIRECT IN GROUND.

T;);'l :Sf Spacing w‘}ﬁ?ﬁ;ﬁ;ﬁ horizontal Spacing when laid in trefoil

gl.l:up Tougc hin 1Sem | 30cm | 45cm | 60cm | Touching | 15cm | 30cm | 45¢cm | 60cm
2 0.79 082 | 087 | 0.90 | 091 0.81 0.84 | 0.88 | 0.90 | 0.91
3 0.69 075 | 0.79 | 0.83 | 0.86 0.69 073 | 0.79 | 0.82 | 0.85
4 0.62 069 | 075 | 0.79 | 0.82 0.60 067 | 073 | 0.76 | 0.78
5 0.58 065 | 0.72 | 0.76 | 0.80 0.55 061 | 0.67 | 0.71 0.73
6 0.54 061 | 069 | 0.75 | 0.78 0.51 057 | 0.63 | 067 | 0.69
7 0.52 059 | 068 | 0.73 | 0.77 0.48 054 | 059 | 063 | 0.64
8 0.50 057 | 066 | 0.72 | 0.75 0.45 051 | 057 | 059 | 0.61
9 0.47 0.55 0.64 0.7 0.74 0.44 048 | 0.54 | 0.56 0.58
10 0.46 054 | 063 | 0.70 | 0.74 0.42 046 | 051 | 054 | 0.56
11 0.45 053 | 063 | 069 | 0.73 0.41 045 | 050 | 053 | 0.55
12 0.44 0.52 0.62 0.68 0.73 0.40 045 | 049 | 0.52 0.54
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TABLE 13: RATING FACTORS FOR VARIATION IN THERMAL RESISTIVITY OF SOIL.
(Twin and multicore cables)

Nominal Thermal resistivity of soil in (cm°C)/w Thermal resiitivity of soil in
area of (Cable laid direct in ground) (em*C)iw
Conduct (Cable laid in single way duct)
or (mm°) 100 120 150 200 100 120 150 200
15 1.10 1.05 1.00 0.92 1.05 1.03 1.00 0.96
2.5 1.10 1.05 1.00 0.92 1.05 1.03 1.00 0.96
4 1.10 1.05 1.00 0.92 1.05 1.03 1.00 0.96
6 1.10 1.05 1.00 0.92 1.05 1.03 1.00 0.96
10 1.10 1.06 1.00 0.92 1.05 1.03 1.00 0.95
16 1.12 1.06 1.00 0.91 1.06 1.03 1.00 0.95
25 1.14 1.08 1.00 0.91 1.07 1.04 1.00 0.95
35 1.15 1.08 1.00 0.91 1.08 1.04 1.00 0.94
50 1.15 1.08 1.00 0.91 1.08 1.04 1.00 0.94
70 1.15 1.08 1.00 0.90 1.08 1.04 1.00 0.94
95 1.15 1.08 1.00 0.90 1.08 1.04 1.00 0.94
120 1.17 1.09 1.00 0.90 1.09 1.05 1.00 0.94
150 1.17 1.09 1.00 0.90 1.09 1.05 1.00 0.93
185 1.18 1.09 1.00 0.89 1.10 1.05 1.00 0.93
240 1.18 1.09 1.00 0.89 1.10 1.05 1.00 0.92
300 1.18 1.09 1.00 0.89 1.10 1.05 1.00 0.92
400 1.19 1.10 1.00 0.89 1.11 1.06 1.00 0.92
500 1.19 1.10 1.00 0.89 1.1 1.06 1.00 0.92
630 1.19 1.10 1.00 0.89 1.11 1.06 1.00 0.92

TABLE 14: RATING FACTORS FOR GROUPING OF TWIN AND MULTICORE CABLES
LAID IN DUCTS OR PIPES.

Number | Spacing when laid in horizontal formation Spacing when laid in trefoil
of ducts | Touching 30cm 45cm 60cm Touching 30cm 45cm
grl(?up
2 0.88 0.90 0.92 0.93 = = =
3 0.81 0.84 0.87 0.89 - : .
4 0.77 0.80 0.84 0.87 0.76 0.79 0.81
5 0.73 0.78 0.82 0.85 - S =
6 0.71 0.76 0.81 0.84 0.67 0.71 0.74
7 0.69 0.74 0.80 0.83 c - =
8 0.67 0.72 0.79 0.82 = = =
9 0.65 0.71 0.78 0.81 0.58 0.61 0.63
10 0.65 0.71 0.78 0.81 = = =
11 0.64 0.70 0.77 0.81 = = N
12 0.63 0.70 0.77 0.81 0.54 0.57 0.60
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L.V. XLPE INSULATED POWER AND CONTROL CABLES

Introduction

XLPE is an abbreviation of Cross Linked Polyethylene. This has been recognized
worldwide as an excellent dielectric for wires and cables. Polyethylene, which is a
thermoplastic material, is converted into a thermosetting material by a process similar to
vulcanization of rubber. By cross-linking, the liner chain structure of Polyethylene is
changed into 3D network structure. By this change, Polyethylene, which has outstanding
dielectric properties, is made resistant to extremes of temperature. The high resistance to
heat deformation and ageing in hot air provides an important advantage in cable ratings
and is of special significance at locations where the ambient temperature is high. These,
along with better resistance to environment stress cracking and low dielectric constant
make XLPE cables suitable for all voltage application.

Advantage of XLPE cables over PVC cable are as under:

1. Excellent Electrical & Physical Properties
High resistance to thermal deformation and the ageing property of XLPE cables
provides higher continuous and short circuit current capacity ensuring higher degree
or reliability over wide range of temperature variations as compared to PVC cables.

Permissible maximum conductor temperature

XLPE Cable PVC Cable
Continuous 90°C 70°C
Short Circuit 250°C 160°C

2. Higher current carrying capacity
XLPE cable can be used, even one size lower PVC cable for the similar application.
Due to higher operating temperature 90°C in case of XLPE than PVC 70°C, current
carrying capacity of XLPE cables of the same size is approximately 30% higher than
that of PVC.

3. Lower Permitivity
Permitivity of XLPE insulation is 2.3, which is less than that of PVC. Therefore,
XLPE cables has lesser charging current then PVC cables.

4. Lower Dielectric Loss
Dielectric loss of XLPE cable is much less and almost constant at all operating
temperatures, compared to other types of cables.

5. System Protection
Due to lower Permitivity of XLPE cables, charging current are considerably lower
than that of PVC cables, which permits coarse setting of Network Protection System.

6. Emergency Overloading
In case of emergency overloading of cables, XLLPE can be overloaded for higher
current and for longer duration.

Emergency Overloading

Max.Permissible Duration of Overloading
Temp XLPE PVC

Total duration for 100 hours per annum. | Total  duration
Operations at the emergency overload | for 4 hours in

XLPE 130°C temperature of 130°C shall not exceed 100 | life time.
PVC 120°C hours in any 12 consecutive months, not

more than 500 hours during the life time of

cables.
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7. Heat Resistant
With cross-linked molecules structure, XLPE cables are excellently ozone resistant
and provide outstanding stability as well as resistant to heat.

8. Mechanical Resistance
Due to thermosetting process XLPE cable has high mechanical properties as
compared to PVC cables.

9. Environmental & Surrounding Protection
Excellent mechanical features of XLPE improves the protection against external
effects. Resistant to acids & alkalies is excellent.

10. Rating Features
XLPE cables carry more current than PVC cables at higher temperatures.

Comparative rating factors are given below:

TABLE-21: RATING FACTOR VARIATION IN AMBIENT AIR TEMPERATURE

Insulating Continuous Operating Temperature
Materials Temperature 40°C 45°C 50°C 55°C
PVC 70°C 1.00 0.90 0.80 0.69
HR-PVC 85°C 1.00 0.94 0.87 0.82
XLPE 90°C 1.00 0.95 0.90 0.84

11. Light Weight
Due to lower specific gravity, XLPE (0.90) cables are comparatively lighter in weight
than PVC (1.35-1.55) cables, therefore there is easy in handling of cables.

12. Cost Saving
Due to lesser diameter and less weight of XLLPE cables laying cost and system
supporting accessories cost i.e. cables trays/support is comparatively lower than PVC

cables.

TABLE-22: COMAPARISON OF A.C CURRENT RATING BETWEEN XLPE & PVC
ALUMINIUM CONDUCTOR CABLES

Normal 3 Single Core Cables Multi Core Cables
Secgg?lszrea In ground In air In ground In air
of Conductor (Amps) (Amps) (Amps) (Amps)
(mm®) XLPE | PVC | XLPE | PVC | XLPE | PVC | XLPE | PVC
25 99 86 115 84 95 76 99 70
35 117 100 140 105 116 92 117 86
50 138 120 170 130 140 110 140 105
70 168 140 210 155 170 135 176 130
95 204 175 255 190 200 165 221 155
120 230 195 300 220 025 185 258 180
150 265 220 342 250 255 210 294 205
185 295 240 385 290 285 235 339 240
240 340 270 450 335 325 275 402 280
300 390 295 519 380 370 305 461 315
400 450 325 605 435 435 335 542 375
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TABLE-2%; Single Core / Multicore Flexible Cables as per 1S 694; 1990

Single Core  Owverall Dianseter
Unsheathed | Approx

Twwin Flag Crverall Widih | Approxk
Sheaibeed Crverall Hedghn { Approx)

1Cone Sheath Thickness | Mom. )

Crverall Diameter (A pprox)

Core Sheath Thickness {Mom,)

Crvgrall Diameter (A pprox)

mrm
mm

i
i

mm
mim

120

£
=K

=
[

bl
L=

oo
]

245

.7
4.25

4
T4

A
i

0.9
T

[0
0.3

15

19
BI

]
0

158

1.0
kD

10
120

Ared (5q. mm) e 075 1 | LE | A [ 40 00 100 D60 | 250 ) 350 300

Mo, & Sipe of Wire Noufmm (1652 2442 3202 .'Hlér-?:': ﬂ]":';“ﬁ J60,3 84003 Bgr-i D267 1 2T 35
4872 | BiK2 14003

Current Kating Amps | 4 7 12 15 2| 27 | 35 | 46 | &2 | BO | 102 | 13K

1.1

4.30

11.5

I4.1

520 | 6.0 [ TR0 | 900 | 1050) 1320

TABLE-3k: Single Core Flexible Cables Generally Conforming To 15 69:4: 190

Are (5. mm

T

P50

T2k | 150 DRSW | 240

Mo, & Size of Wire

Currem DCAC

i i

A

IG5

4755

GOELS | TSRS | ISR | 122005

LIk 355 413 plE

Curremt

1 Core Sheath Thickness {Mom.)

Chegrall Chanester (A ppros)

Amps

14.0

42

1.4
X1}

4
2010

.13, (Approx) mm 15,3 17 14,4 LR 4.5 %40
TABLE-31; Three & Four Flexible Cables Generally Conforming To 15 694; 19
Area [z, mm) G0 100 | 1eD | 250 | 350 | 000 | TAD | 950 | 1200
Mo, & Size of Wire Mogmm | B3 | 14003 | 22603 35403 | 953 | T05.3 | 36005 | 47505 | G0RS
O | O | O | O | ©Or
BV | 12604 1964 | 27604 | 3540

120 165

(13 24

43500
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HOW TO SELECT LOW VOLTAGE CABLE

Following steps can be used to find the size of single-core or multi-core cables:

Step 1
Find out the current to be drawn through the cable (or protective device rating)

Example:
For 40 H.P., 3 Phase Motor, having efficiency 85%, P.f. 0.80 and line voltage 400V, the
line current require is :

H.P. x 746

L= 1.732 x Line Voltage x efficiency x p.f. [See Page 4 ]

40 x 746
= 1732 x 400 x 0.85 x 0.80. = 03.338 A~ 64 A

Step 2
Decide whether the installation is single phase AC/DC or 3-phase AC

e.g. 3-phase AC.

Step 3
Decide whether the installation is done with single-core or multi-core Cables and decide if

the cable has to be armored (if placed in ground) or unarmored copper cables (if places in
air).

Example:
Multi-core copper cables laid direct in ground i.e. armoured.

Step 4
If the conditions of laying are different from mentioned in Page 7 then apply relevant

correction factors from Table No. 6 — 14.

Example:

Parameters of Laying Table No Standard Actual | Fact
Condition Condition | or

Ground Temperature (Armoured) 7 30°C 40°C | 0.87
Air Temperature (Unarmoured) 9 40°C NR* -
Depth of laying in ground (Single Core) 750mm NR* -
Depth of laying in ground 11 750mm 1.0 | 1.00
(twin & multiple core)

* Not required (NR) for this type of cable in laying; but may be required for other purpose.

Therefore corrected current, I} = I;/C,

64/0.87 =73.56 A
Step 5
Decide whether the cable sets in different circuits will be grouped together. If such
grouping is done select the relevant grouping correction factor from the give table for
grouping correction factors and divide the resulting current in the Step 4 by that grouping
correction factor refer Table 12.

[=I/C

Example:
If Two cable sets of two 3-phase circuits is to be grouped together, laid direct in ground,
single layer and touching
I =73.56/0.79
=03.113 A

<>
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Step 6
Go through the relevant Table No. 15-28 with current carrying capacities and find the

nearest and higher current then the resulting current from the Step 5. And then get the
relevant conductor cross-sectional area for that current.

Example
For the resulting current in the above step (93.113 A) by going through the cable with
current carrying capacities of 3.5 core armoured copper PVC insulated cables

3.5 Core x 25mm? Copper armour cable can be taken for the purpose.

Step 7
Calculate the Voltage drop across the selected cable for the length of installation.

3-phase voltage drop per km = 1.732 x [LR

Where,
I = Line current
R = A.C. Resistance of 1-core cable per km [From Table No. 15-28]

If the voltage drop is less than 2.5% of the nominal supply voltage (For single phase,
nominal supply voltage is 230V and for 3-phase, nominal supply voltage is 400V) then the
selected cable is suitable for the installation.

Otherwise, go to the next higher cross sectional area of the conductor and check whether
the voltage drop is less than the permissible value and repeat until this condition is
satisfied.

Example:
3.5 Core x 25mm’ CU,AR Cable in PVC insulation with 50m in length the,

Voltage Drop in the cable per km 1.732 x 64 x0.873 V =96.770 V

Therefore, Voltage Drop for 50m length 96.770 x 50/ 1000 = 4.838 V

Permissible Voltage Drop =400x2.5/100 = 10
Voltage Drop in the cable < Permissible voltage Drop

There fore, the selected cable cross section is suitable for the purpose.

<Go>
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TABLE 36: SIZE OF CAPACITORS IN KVAR REQUIRED FOR GIVEN DEGREE OF

POWER FACTOR CORRECTION PER KW OF LOAD.

Initial power Correction to
factor 0.85 0.90 0.95 0.98 Unity
1 2 3 4 5 6
0.50 1.112 1.248 1.403 1.529 1.732
0.51 1.066 1.202 1.357 1.483 1.686
0.52 1.024 1.160 1.315 1.441 1.644
0.53 0.980 1.116 1.271 1.397 1.600
0.54 0.939 1.075 1.230 1.356 1.559
0.55 0.899 1.035 1.190 1.316 1.519
0.56 0860 0.996 1.151 1.277 1.480
0.57 0.822 0.958 1.113 1.239 1.442
0.58 0.785 0.921 1.076 1.202 1.405
0.59 0.748 0.884 1.039 1.165 1.368
0.60 0.714 0.849 1.005 1.131 1.334
0.61 0.679 0.815 0.970 1.096 1.299
0.62 0.645 0.781 0.936 1.062 1.265
0.63 0.613 0.749 0.904 1.030 1.233
0.64 0.580 0.716 0.871 0.997 1.200
0.65 0.549 0.685 0.840 0.966 1.169
0.66 0.518 0.654 0.809 0.935 1.138
0.67 0.488 0.624 0.779 0.905 1.108
0.68 0.459 0.595 0.750 0.876 1.079
0.69 0.429 0.565 0.720 0.840 1.049
0.70 0.400 0.536 0.691 0.811 1.020
0.71 0.372 0.508 0.663 0.783 0.992
0.72 0.343 0.479 0.634 0.754 0.963
0.73 0.316 0.452 0.607 0.727 0.936
0.74 0.289 0.425 0.580 0.700 0.909
0.75 0.262 0.398 0.553 0.673 0.882
0.76 0.235 0.371 0.526 0.652 0.855
0.77 0.209 0.345 0.500 0.620 0.829
0.78 0.183 0.319 0.473 0.594 0.803
0.79 0.156 0.292 0.447 0.567 0.776
0.80 0.130 0.266 0.421 0.541 0.750
0.81 0.104 0.240 0.395 0.515 0.724
0.82 0.078 0.214 0.369 0.489 0.698
0.83 0.052 0.188 0.343 0.463 0.672
0.84 0.026 0.162 0.317 0.437 0.645
0.85 - 0.136 0.291 0.417 0.620
0.86 - 0.109 0.264 0.390 0.593
0.87 - 0.083 0.238 0.364 0.567
0.88 - 0.054 0.209 0.335 0.538
0.89 - 0.028 0.183 0.309 0.512
0.90 - - 0.155 0.281 0.484
0.91 - - 0.124 0.250 0.453
0.92 - - 0.097 0.223 0.426
0.93 - - 0.066 0.192 0.395
0.94 - - 0.034 0.160 0.363
0.95 - - - 0.126 0.329
0.96 - - - 0.089 0.292
0.97 - - - 0.047 0.250
0.98 - - - - 0.203
0.99 - - - - 0.143
Example: -

To find the capacitor rating required to correct a load of 97 KW. at 0.67 P.F. to 0.95 P.F.
Required KVAR per KW (from table) = 0.779

Total capacitor rating =0.779 x97=75.650r79 KVAR

<G>
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TABLE 37: FULL LOAD CURRENT IN AMPERE FOR ELECTRIC MOTORS

Single phase AC Three phase AC Direct current

H.P. 115 230 400 230 400 440 110 220 440
vol. vol. vol. vol. vol. vol. vol. vol. vol.

1/8 3.0 1.5 0.86 0.70 0.40 0.36 1.8 0.9 0.45
A 5.2 2.6 1.5 1.13 0.65 0.59 2.9 0.73
% 8.0 4.0 2.3 2.1 1.20 1.10 5.0 25 1.30
% 1.2 5.6 32 2.8 1.6 1.44 7.5 37 1.90
1 14.0 7.0 4.0 35 2.0 1.8 9.6 4.8 240

1% 18.0 9.0 5.2 4.9 2.8 2.6 14.0 7.0 3.5

2 22.0 11.0 6.3 6.1 3.5 3.2 17.5 8.8 44
3 32.0 16.0 9.2 8.7 5.0 4.6 25.0 12.5 6.3
5 52.0 26.0 15.0 14.0 8.0 7.3 42.0 21.0 10.5
7% 76.0 38.0 22.0 20.0 115 10.5 63.0 32.0 15.3
10 100.0 50.0 29.0 26.0 154 13.8 84.0 42.0 21.0
15 144.0 72.0 41.0 38.0 22.0 20.0 121.0 61.0 30.0
20 180.0 90.0 52.0 50.0 29.0 27.0 160.0 80.0 40.0
25 220.0 110.0 63.0 63.0 36.0 32.0 195.0 97.0 49.0
30 260.0 130.0 75.0 73.0 42.0 38.0 234.0 117.0 58.0
40 - - - 98.0 56.0 51.0 310.0 155.0 78.0
50 122.0 70.0 64.0 376.0 188.0 94.0
60 146.0 84.0 76.0 450.0 225.0 113.0
75 180.0 104 95.0 550.0 275.0 138.0
100 240.0 138 124.0 - 370.0 185.0

Note : The values of current given assume a pure supply. If the D.C., source is delivered from
rectifier equipment the resulting values taken may be somewhat higher. With thyristor

drive variable speed units, values may be as much as 1.5 times.

TABLE 38: MAXIMUM CURRENT IN AMPERE FOR PURE RESISTIVE LOAD

Power 1 Phase 3 Phase
110V 230V 380V 415V 440V
KW amp amp amp amp amp
1]9.1 4.3 1.5 1.4 1.3
2118.2 8.7 3.0 2.8 2.6
31273 13.0 4.6 4.2 3.9
41364 17.4 6.1 5.6 5.3
51455 21.7 7.6 7.0 6.6
6 | 54.6 26.1 9.1 8.4 7.9
7| 63.6 30.4 10.6 9.7 9.2
8727 34.8 12.2 11.1 10.5
9|81.8 39.1 13.7 12.5 11.8
10 | 91.0 43.5 N2 13.9 13.1
20 | 182 87.0 30.4 27.9 26.3
40 | 364 170 60.8 SO, 52.5
60 | 545 261 91.3 83.6 78.8
80 | 727 348 122 111 105
100 | 909 435 152 139 131

<G>
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RECOMMENDATIONS FOR STORAGE & INSTALLATION OF CABLES

HANDLING & STORAGE
Handling at site: While unloading the cable drums certain precautions are to be taken for ensuring the safety of the cable,

J;i e lie

CORRECT WRONG CORRECT

When using a lift or crane use a spreader bar longer than ~ When unloading from the truck, inclined ramp should be used to lower
the overall drum width just above the drum flanges.  the drum. Do not drop the drum directly from the truck, which may lead to
Without a spreader bar this will lead to bending of drum damage of the drum & subsequently the cable.

flanges crushing & damaging the cable.

While using forklift for handling or shifting the drum,
the drum should be perpendicular to the forks,
rather than parallel. Do not allow the forks to be in
contact with the cable.

Storage:

Cable drums should be stored on plain ground without any hard
stones projecting above the surface and dry place away from
direct sundight and rain. All cable drums should be stored with
the battens intact, with sufficient space in between the drums.
Ensure stoppers for every drum to avoid the drum movemeant e

after storage. Cable drums should not be stored one above the WRONG CORRECT
other.

Roll the drum in only one direction as

Installation and La'grlng: indicated by arrow marked on the drum.

While laying of cables special care to be taken. The cable end
should be pulled with pulling eye only after mounting the drum
on the Jacks. Do not keep the drum on its flange while pulling
the cable. This will result in Bird Caging (Twists and deformation
of cable) and armour swelling.

Minimum Bending Radius:

Cable Type Single Core Multi Core WRONG CORRECT
HT Cabile 20xD 15%D

LT Cable 15xD 12xD

Testing at site:

After the cable is installed before commissioning, it should be tested
for DG High Violtage. The recommended voltage and duration will be
as per 135:1255. Megger, continuity and cross continuity to be
checked on each core before and after laying.

Jarda Group
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