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Number of trefoil sets  (vertically)
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PHASE LAY-OUT FOR SINGLE-CORE CABLES CONNECTED IN PARALLEL TO PROVIDE CORRECT
CURRENT SPLITTING

SINGLE-CORE CABLES AIR LAYING HORIZONTA L LY AND V E RT I C A L LY SPACED OUT

SINGLE-CORE CABLES TREFOIL AIR LAY I N G

3

1

0.92

2

0.89

4

0.97

Number of trefoil sets  (horizontally)

Number of trefoil sets  (horizontally)

Number of layers
(vertically)

1

2

3

1

1.00

1.00

1.00

2

0.98

0.95

0.94

3

0.96

0.93

0.90

Number of trefoil sets  (horizontally)

Number of layers
(vertically)
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1

1.00

0.97

0.96

2

0.97

0.94

0.93

1

0.95

2

0.90

3

0.88

4

0.87

Number of trefoil sets  (horizontally)

1

0.94

2

0.91

Number of trefoil sets  (vertically)

2 4Number of trefoil sets
in the same layer*

2

RST TSR RST    TSR    RST    TSR

4Number of trefoil sets
in the same layer*

Trefoil laying cables

Horizontally or vertically spaced-out cables

*When cables are installed on several layers their lay-out must be repeted for each layer.

d

2 d� 0.5 d

d

2 d� 0.5 d

~0,3 m

� 0.5 d

d d

~0,3 m

� 0.5 d

d d

� 1/3 d

d

d

d

d

T
RS

T
RS

T
SR

T
SR

T
RS

T
SR

T
RS

T
RS

T
SR

G ROUP RATING FAC TO R S

C-2 Cross Linked  28-04-2009  9:03  Pagina 25



26

Nominal
voltage kV

Uo/U

1.8/3
3.6/6
6/10

8.7/15

12/20
18/30
26/45

Copper

1.4
2.3
3.6
5.0
7.1

10
14
17
21
26

34
43
57
72
90

SHORT CIRCUIT RATING

VOLTAGE DROP

COMPARISON BETWEEN RATED VOLTAGES AND INSULATION RATE

K factor (final temperature = 250°C)

To calculate the current allowed in the screen you can
use the same fo rmula indicated above for the
conductor with the factor K = 180°C.

The following table reports the values in KA
of the current calculated for the starting
temperature of 90°C and for the duration of
1 second.

Uo = relates to the nominal tension between a conductor
and earth

U = relates to the nominal tension between the 
conductors of the cable

Um = greatest tension which the cable is suitable

Starting temperature

Area 
conductor

mm2

10
16
25
35
50

70
95

120
150
185

240
300
400
500
630

Aluminium

0.9
1.5
2.3
3.2
4.6

6.4
8.7

11
14
17

22
28
37
46
58

K S
Icc =

� t
(A)

.

The voltage drop can be calculated by the following formula for connections in alternating current:

where:
∆V = voltage drop (V)
K = 1,73 for three-phase system
K = 2 for single-phase system
L = connection length (km)
I = current rating (A)
R = conductor resistance at using temperature (Ohm/km)
X = phase reactance (Ohm/km)
cosø = power factor

For direct current connection cosø =1

∆V = K . L . I (R . cosø + X . senø)

Material

Conductor

copper

aluminium

50

165

107

70

154

100

90

143

92

ELECTRICAL FORMULAS

The maximum short circuit current allowed for short period of time (a few seconds) for copper or aluminium
conductors can be calculated by the fo l l owing fo rmu l a :

where:
Icc = short circuit current (A)
K = factor of the conducting material

which obtained from the 
difference between starting and 
final temperature of short circuit;
K copper = 143
K aluminium = 92

S = area conductor (mm2)
t = duration of short circuit (sec.)

Insulation
rate

8
11
17
24

32
47
67

Maximum
voltage kV

Um

3.6
7.2
12

17.5

24
36
52

C-2 Cross Linked  28-04-2009  9:03  Pagina 26



Insulation 
rated voltage

Uo  kV

3.6
6.0
8.7

12
18
26

Electrical tests after 
installation in c.c. for 15’

kV

14.4
24
34.8

48
72
104

The final tests to which the Medium Vo l t age c a bles are subjected are in compliance with IEC 60502-2 standard.

Routine tests
• Electrical resisistance of conductor
• Partial discharge on cables having cores with conductors screens and insulation screens
• Voltage test

Sample  tests
• Conductor examination
• Chek of dimensions
• Voltage test for cable of rated voltage above 3,6/6 (7.2) kV
• Hot set test for EPR, HEPR and XLPE  insulations and elastomeric sheaths 

Electrical type tests
• Partial discharge test
• Bending test 
• Tanδ measurement
• Heating cycle test
• Impulse test
• Voltage test

Non-electrical type tests
• Thickness of insulation
• Thickness of non-metallic  sheaths
• Mechanical properties of insulation before and after ageing
• Mechanical properties of non-metallic sheaths before and after ageing
• Additional ageing test of completed cables
• Loss of mass test on PVC sheaths of type ST2

• Pressure test at high temperature on insulation and non-metallic sheaths
• Test on PVC insulation and sheaths at low temperatures
• Test for resistance of PVC insulation and sheaths to cracking (heat shock test)
• Ozone resistance test for EPR anf HEPR insulations
• Hot set test for EPR, HEPR and XLPE insulation and elastomeric sheaths
• Oil immersion test for elastomeric sheaths
• Water absorption test on insulation
• Flame retardance test
• Carbon black content of black PE oversheath
• Shrinkage test for XLPE insulation
• Thermal stability test for PVC insulation
• Determination of hardness of HEPR insulation
• Determination of elastic modulus of HEPR insulation
• Shrincage test for PE oversheaths
• Strippability test for insulation scren
• Water penetration test

Electrical tests after installation
Tests after installation are made, if required,  when the installation of the cable and its accessories has been
completed. They are for new installations only.
• d.c. voltage equal to 4 Uo shall be applied for 15 min.

As an alternative, and by agreement between the contractor and purchaser, an a.c. voltage tes at power fre-
quency, in accordance with indicated below:
• test for 5 min. with the phase-to-phase voltage of the system applied between the conductor and the metal-
lic screen;
• test for 24 hours with the normal operating voltage of the system.

27

FINAL TESTS
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STORAGE AND HANDLING

The drums storage and movement shall be carried out with crane or forklift truck. It is not allowed to drop drums
from the truck to the floor. All cables during transport and handling can be demaged so we suggest to verify
before and during installation procedure any possible demage to avoid heavy problems during cable working
life. For the benefit of the workers involved in electrical work is absolutely necessary to observe some safety
rules normaly indicated on the local still in force standards.
Do not remove staves and cable end caps until the cable will be laid down. If you cut a piece of cable leaving
the rest in a open stock put on again ends protections. Unwind and rewind cables as shown in the pictures. In
case of transfering from one drum to an other remember the minimum bending cable radius and consequently
the barrel drum diameter.

INSTALLATION

We summarize some rules to be observed during the installation of MV cables for fixed layng. In order to pro-
vide easy operations we suggest do not work at cable temperature below than 5°C. Cables bending radius are
indicated in Range and Dimensions tables and they must be to value carefully. For unarmoured cables and in
order to pull cable inside pipes or trench it is advisable to apply the pool force on the conductors being careful
do not exceed 5 kg/mm2 of total area for copper cables and 3 kg/mm2 for aluminium cables.

Example:
copper cable 1 x 240 mm2: max pull force kg 1200 
aluminium cable 1 x 240 mm2: max pull force kg 720
copper cable 3 x 240 mm2: max pull force kg 3600 
aluminium cable 3 x 240 mm2: max pull force kg 2160

For steel cable armour the strain rope will be applied to the armour while the pool force by steel braid is advi-
sable only for limited efforts.
If there are curves along the lay route must be placed a sufficients conveyers, for example at the entrance of
pipes,  suitable to keep the cable in the right direction line in order to avoid to exceed the maximum pulling load
allowed.

Concerning overhead cables any strain will be charged on the supporting rope for installaion operations and
during working time.

wrong correct wrong correct

A A A A

B B B B

correct

wrong wrong wrong wrong

correct

correct correct
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Besides data reported in this booklet is always important to consider the effects of thermal dissipation.
All installations in parallel trefoil  must be realized with maximum care  in order to aim the most balanced char-
ge distribution on the cables connected to the same phase.Therefore please consider the following infomation:

• all cables must have the same metal conductors
• all cables must have the same lenght and section
• the bundle cables must be made-up following R, S and T phases system as indicated on page 25
• the cables must be properly spaced 
• right and balanced connections to the cables terminals

PACKAGING

How to draw the cable

correct correct

correct

wrong

HOW TO SELECT THE DRUM

Example:
1 - kind cable    ARE4H1R-12/20 kV   1x240 mm2    see page 16

overall cable diameter mm 39.1   a round figure mm 40
minimum bending radius mm 560
cable quantity mt 500

2 - determination of drum barrel diameter = mm 560 x 2 = 1120 mm consequently qualified drums are
B L 1 8 0 / 2 0 0 / 2 2 0 / 2 5 0 .

3 - outcome = following above practice the more convenient drum able to contain mt 500 is BL 180 

DRUMS CAPACITY (meters)

17758

10963

7435

5372

4062

3179

2555

1859

1343

1015

795

639

525

439

372

320

277

243

215

195

178

13901

8582

5820

4205

3180

2488

2000

1455

1051

795

622

500

411

343

291

250

217

190

168

153

139

8320

5137

3484

2517

1903

1489

1197

871

629

476

372

299

246

205

174

150

130

114

101

91

5991

3698

2508

1812

1370

1072

862

627

453

343

268

215

177

148

125

108

94

3441

2124

1441

1041

787

616

495

365

260

197

154

124

102

5248

3240

2197

1588

1200

939

755

549

397

300

235

189

155

130

110

94

2041

1260

855

617

467

365

294

202

154

117

91

994

614

416

301

227

178

143

104

75

130

3

805

546

394

298

233

188

136

99

769

475

322

233

176

138

111

80

446

275

187

135

102

80

Cable

diameter

mm

DRUM TYPE

BL60 BL70 BL80 BL90 BL100 BL120 BL140 BL160 BL180 BL200 BL220 BL250

11896

7344

4981

3599

2721

2129

1712

1245

900

680

532

428

351

294

249

214

186

163

144

131

119

11

14

17

20

23

26

29

34

40

46

52

58

64

70

76

82

88

94

100

105

110
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DRUM

TYPE

Batten
weight

Kg

11

16

21

23

30

42

56

75

106

121

135

148

Global

volume

m3

0.17

0.25

0.34

0.42

0.62

1.10

1.60

2.40

3.70

4.50

5.60

6.50

435

515

575

575

685

760

920

1.070

1.320

1.320

1.320

1.320

F

mm

BL60

BL70

BL80

BL90

BL100

BL120

BL140

BL160

BL180

BL200

BL220

BL250

690

770

860

960

1.060

1.310

1.460

1.660

1.860

2.060

2.300

2.510

630

710

800

900

1.000

1.250

1.400

1.600

1.800

2.000

2.240

2.450

315

355

400

450

500

630

710

900

1.120

1.250

1.400

1.500

80

80

80

80

80

80

80

80

80

125

125

125

315

400

450

450

560

630

750

900

1.120

1.120

1.120

1.120

15

20

25

36

44

77

113

182

319

387

478

560

A

mm

B

mm

C

mm

D

mm

E

mm

Drum
weight

Kg

A - Flange diameter including circumference batten
B - Flange diameter without circumference batten
C - Inner barrel diameter
D - Axis hole
E - Inner width
F - External width

DRUMS DIMENSION

ABC

E

F
D

A

NOTE
The data belong to the standard wooden drums daily in force in all Tratos Cavi facilities. Neverthless for uncom-
mon cable lengths there are available very large wooden and metallic drums. In this cases transport resctric-
tions have to be considered like special law-loading trailers and permits from traffic authorities in accordance
with local regulations.
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GLOSSARY

A . C . - A l t e rnating current in which the charge-flow
p e riodically reve r e s

Accesories - Components necessary to cabl e s
n e t wo rk connection

Aluminium conductor - An aluminium wire or gr o u p
of wires

Aluminium screen - Usually a longitudinal smooth or
c o r rugated aluminium tape ove rlapped and
t h e rm o s e a l e d

AWG - A m e rica Wire Gauge

Bending radius - M i n i mum bending radius a cabl e
can be bent without permanent demage

BS - B ritish Standard (UK)

C a ble tray - A channel system used to hold and
s u p p o rt power cabl e

C a ble pipe - A pipe used to contain power cabl e

Capacitance - The value of the capacity of a dielectri c
m a t e rial between two conductors

CEI - Comitato Elettrotecnico Italiano

Compacted conductor - Ansure regular conductor
diameter avoiding stress to insulation laye r

Conductor losses - Power losses due to the
resistance of conductors

Conductor screen - An ex t rusion layer direct on the
c a ble conductor of a semi-conductin material to
p r ovide regular distri bution of electrical stress

Copper conductor - A copper wire or group of wires

Copper screen - O ve rlapping spira l - wound copper
tapes or copper wires to coil up

Dielectric - G e n e rally a non metallic material with high
r e s i s t i v i t y

Dielectric costant - The relation between the charge
by a condenser with dielectric material and va c u u m

D. C . - Direct current

Dielectric losses - Power losses due to the
conductance of dielectric materi a l s

Dielectric strenght - M a x i mum voltage gradient that a
m a t e rial withstand

Embossing code - Raised cable code on the
o u t e r s h e a t h

Electrical resistance - The resistance of the materi a l s
to the flow of current (Ohm/km)

Electrical metal screen - A metal shield against
ex t e rnal fields, need to equalize electric fields

E l e c t ro m agnetic compatibility - The capability of
d i f ferent electrical system to coexist without
i n t e r fe r e n c e s

Electrical gradient - The sheare of dieletrical strenght
express in kV/mm

Filler - Mass of material to fill layng cores interstices in
order to provide an appro ximate round shape cabl e,
through ex t rusion or by different elements
a s s e m bled together cores

F r e q u e n cy - The number of cycles (hertz) of an
a l t e rnating current in one second

HEPR - High ethylene propylene ru bb e r

IEC - I n t e rnational Electrotechnical Committee

Insulation - D i e l e c t ric laye r

Insulation screen - An ex t rusion layer direct on the
c a ble insulation of a semi-conducting material which
u n i fo rm radial stress distri bution across insulation

J a cket - The outer protective cove ring of a cabl e

Joints - A c c e s s o ry suitable to joint two cabl e s

L aying depht - Installation depht trench

Lug - A c c e s s o ry suitable to connect a cable conductor
to the netwo rk

Metallic armour - Additional mechanical cabl e
protection usually covered by a plastic laye r

M1 - LS0H low smoke and zero halogen

MT - Medium tension

MV - Medium vo l t a g e

NF - N o rme Française (F)

Phase lay-out - System to provide a corretc current
s p l i t t i n g

PE - Po l ye t y l e n e

Plain conductor - Mean a conductor of only one
m e t a l

Print code - Ink print cable code in the outersheath

PVC - Po l y v i nyl chlori d e

Reactance - The opposition to the flow of altern a t i n g
current by inductance or capacitance

Resistivity - A conductor electric resistance

Semiconductor  - A material with lower electri c a l
resistance than a dielectric materi a l

Sheath - The outer protective cove ring of a cabl e

S h o rt circuit current - B r e a k d own due tempera t u r e
ri s e

Single core - One phase cabl e

System - N e t wo rk

Terminations - A c c e s s o ry suitable to connect a cabl e
to the netwo rk

Tr e foil - L ay-out of three sigle cabl e

Three cores - Three phases cabl e s

Uo kV - Nominal tension between any insulated
conductor to eart h

U kV - Nominal tension between two insulated
conductor of the cabl e

Um kV - M a x i mum tensione which the cable is
s u i t a bl e

UNE - Unificación de Normas Españolas (E)

VDE - Verband der Elektrotechnik (D)

Vo l t age drop - Rduced voltage in the circuit

XLPE - C r o s s - l i n ked polye t hy l e n e
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Tratos Cavi S.p.A. reserves the right to modify at any time technical dimensional and

weight characteristics shown in this catalogue to improve the features of its products.

However these will still be in accordance to the mentioned standards.

There is no responsibility of the manufacturer for damages to persons and property 

in case of improper use and/or neglecting the recommendations for using cables 

and norms contained in this catalogue.

Kama May 2009
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