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Shiphoard Power Cable Sizing
Methodology

ne of the most important aspects in the elechtical design today
is the complefion of the interconnection between equipment by
the correctfproper selection and use of cables. Depending on the
equipment in quesfion, power, control and data transfer protocel become
the design necessity in ensuring a high efficiency in power transfer.
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ond cnstrints, assurnptions, e steody stote cperction, it eeilence and i
copobilty when subjected to the tmnsient cpemticns. The poper will end with
the steps talen o do complete power coble sking oolkeulotion ond sekection
cnchsie cond csumpticns chosen in the somple colcukdtion, Ship oods con
be conedered ecentiok to the percnnel on boord. The B in additicn o the
e nency Dods capplied to ensure wofety on-boand. Thus, design exteme
pomimeter sholl be comrefull identified ond anoheed,

In a typical sizing coeuktion for the eecticol equiprment, the nowvelty
cpproach B o subject the equiprment to the opeoticnal pommeters duing
itz lifetirne of any eite and installed conditicns. By the some token, power cobile
SEing procedure B ostonoodesd 1o the saome principles o ensure cobes will
previde sustainoble cpembity without affecting it peformonos during s
effective lifetime.

20 POWER CABLE CONSTRUCTION

Brosicoilly, power crible cnnsets of thin cop perie ralurniniorm e stmincled | solic]
cencnine of compocted os per [ECA0228 chse 2. In the coee of emergency
uzes of the cobkes, Mico Tape B applied in kkeu of the screen, o per the [EC
&0331. The type of fie reekting chomicteretic B defined in such o woy thot its
intended function B o conduct without o pardizing coblke irteority uncker
prelenged fie condition, which is limited 1o 2 hour boeed on [BC 802331,

Beeped on Toble 1 [BC &00%2-351, thiz screen kbryer & then insukoted with cne
of the insulcting moterck. Dvided into tewe mooine mote ol structunes, the fict B
the thermeplkstes compound such oz PVIZ This the rmopleetic motericl B onct
wiell Eecetyed in the design sines it hee o low stecdy stote and tronsient stote
rmiciximum ternpemoituee Breolkdown limits. Preferencs o sometimes specified
by the ekectnoal designer) B for the use of o second insukbtion motenol, the
ekstomere moterial, better known e the therme et soch s crces-linked
polyethylene CXLPE), hologen-free XLPE, ethylene prepyiene ubbern silicons
rubber or the croes-linked polokefin iz prefemble duse to the moxirmum
temperciure profiles of the moterick to mointain integny duning steody stote,
owverkad and sher sirsult conditicre. The XLPE oon withstond up fo @00C Suring
ife stecdy stote ocpeoiticn, the mcimuom termpe otuee of 13000 forthe cuwe oo
coenditicen, ond the moximum ookl tempercture of 28000 in coze of shot
cinzuit,

Fefernng to Toble | of IBC A007°24-252, ae for the cose of single oo coible,
o loyeer of holegen-fres thermesetting cormpeund SHE 2o holege nfree muod-
resistoint cross-linked compound, SHF mud resetont, B uzed os the inneroocwyenng
of inner sheoth. The prevides mechonicol ond envirenmentol streesess impossd
on the insulcted oo Mechonecol strength Borequired due fo instoliotion
reqquire e nts cond envicnmental stess B omoink due te the comesiee cnd
dormoging  envirenment. Armeur s the choice for previding mechoniool
pretection of the coble fora single core coble. The B normaly oocomplehed
by applying either broided tinned copper wire, bronze wine, cluminium wins
or goibminized stesl wire helioolly wops orcund the insulotion. Sornetimes, the
cimeur mote nok con cko be of oo pper, bronze orgobonesd steslwine boided
orodouble byer topes.

Fer the mufti core coblkes, bBw smcks bologen-fres, nen-hypicecopic
rnicifecils ore odded] o prevent meeture obeorption, oz well os e provide filk on
the multi conductor aorminoed ond grouped fogether above, Depending on
the stondonds used cnd applied s refeences for the project, cores oe coded
oind identified with oo lour, o example shown belw [Referenos 100

Cine cone Block

Tz oz Blue — Brown

Tw cnes + ecirth Blus — Brown — Yellow fgresn

Three copes Brown - Block — Srey

Three oo + ecrth Briown - Block — Sy —Ye llow fareen

Feeur oores: Blue - Brown - Block— ey

Feour oores + earth Blue - Brown - Bloclk= Grey - e low/fgreen
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Five comes Blue - Brown - Block—orey - BlRck
Above B-ooes Bock numbers on white boee.

Fincilly, fer the cutersheot b, refering o [EC 80092289 Tobke 1, o mud-resetant,
hollegen-fres thermoest compeund, SHE 2, motencl B opplied ce the findl
cver. As stoincdond proctices | the cokeur for the cutersheoth B Block. Inosherd,
Toble 1 el illustrofes the cvemll consfructicon cndd moterick of o power
coible stondoinddesd forthe manne cnd shipbeond cpplcoticns.

3.0 POWER CABLE INSTALLATION REGUIREMENTS

In s=kcting the best coble for the applicaticon, sush o8 for use on the
shipboand, the fiet step B fo ensure the coble selected oomplies with the
project eouirements. Akc iefer 1o the interncticnal stondands ot all fimes
o ensure cobkes are monufoctured and moterck wed o gossding o
interncticnol standords, with desion sofety mongin foctomred in, The stondonds
fo be uged aie of folews but not limited to, B, AMS, NORZOK, etz Further
anckze invehes considemticn of the instalbtion requirerents such cs the
instoiliction creo ombient tempercture cnd the instolloticn metheds opplied
to the project. Inoshod, the process of s ecting the corect power cables, in
cmplicincs with stondords and reouirements, ars ce follows:

2.1 Hentity Pro ot dpeciic Reguirements such s the folbwing, But not limited to
o, Specifiic project cesion stondonds
b Speciiiccoble comretnucticn and motencls reouiee menfe
= Speciiic monufocturer techne cony
o, Special monufocturer tests,

2.2 Hentify Intemaoticnol Sondonds to be used sush os follews: But ot limifed to:
. Internaticnal Eectietechnical (IEC

Amencoin Stondonds or AN S

Local cpercterstondons

Specific Lol governnent eguirements

Cessificotion bodies such os DNV or ABS.

=)

2.3 Kdentity the envirenmental reoguirements for the applicotcns:
Armbient tempemtuee 50
Moxirmum crmbient temperctuns
Terminction point tempencture limit
Cokest termpemitune

Hot spots or prese ne= of heot souncs such os boiler efc.

Ponoog o0Q0

2.4 dentify the cable uting and suppent equirements:
Lo on o pen of cesed peforcted coble tron
Loid on cob e odoker

Loied cocinst woile

Ciobkes bunded with cther cobles

Caob ks instaled with spoces between them

In ez nd vits.

o

Toonoo

2.8 Hdentify ooblke instaloticen and puling recuine e nis:
od. Coble bending midius
B Coblke puling limit
=, Termincticn detois
o Multi cobke toneit cvaikbility,

2.8 dentify the cable ood requirenente is eepective fie eseiont propeties:
. Neormol usoge (continueus or infermittent)
. Stondby power applicotion
= Ermemiency uscioe

2.7 dentify the coble bod require e nte its eepective ingtalioticon oo nditicns:
ol Mudfoil imme picn orcsmosive s efoncs:
B Low smcke reguineme nts
o Zeone & odiotion resistancs



d. Water ingress or moisture resistance
e. Explosion and fire area.

In practice, the worst case scenaric of each of the
conditions above is configured and selected. This will ensure
the size limitations, site ambient, fransient operating factors
and design restrictions are factored in. In other words, the
most extreme parameters of the site ambient and installed
conditions will become the threshold for the cable design.

4.0 POWER CABLE ELECTRICAL REQUIREMENTS

The calculation steps here are to ensure cables perform
as intended without thermal degradation on its insulafion
during its lifetime. The steps involved in sizing cables based
on the conditions secticn, are:

4.1 ldentify voltage levels for the system:
a. High veltage of the ship (i.e. 6.6kV)
b. Low voltage (i.e. 690V, 440V, 400AC)
c. Very low voltage
d. Conitrol system
e. DC system.

4.2 Select number of phases for AC loads:
a. Single phase
b. Three phase
c. DC system.

4.3 Identify the loads the cables are connected 1o
Generators

Motors

Variable speed drives

Soft starters

Heafters

Distribution boards

Transformers

Uninfermupted power supply.

T@"e o000

4.4 |dentify project requirements:
a. Cable voltage drop
b. Voltage dip at motor control centre us bars
c. Harmonics contents
d. Terminals
e. Sdfety requirements, reflective voltage wave issuss
f. Lightning induced voltage.

5.0 POWER CABLE SIZING CALCULATION
METHODOLOGY

The fellowing are the calculation steps for power calble sizing.

5.1 Calculate Load Full Load Ampere (FLA)Y based on the
sguipment rated apparent Power (kKVA) or Real consumed
power (kW) or as provided by the manufacturer:

Total KVA
FLA(A) = ———  Eq. |
SQRTEB) x V,
Eq. 2
Power (K
LACA) = (kW)
SQRT(3) x V,, x Eff x PF

FEATURE

Where:

kWA = Apparent Power

kW = Real Power

VLL = Line 1 lins voltage

PF = Power Factor

EFF = Efficiency of the equipment af rated power

5.2 Calculate installed FLA based on Equation 1 or 2 above.
In this case, thermal dsrating factors ars applied.

FLA" = FLA x DF Eqg. 3

Where DF = AF x GF Eq. 4

AF = Ambient temperature derating factor

GF = Group of installed cable derating factor

53 Cable manufacturers or vendors nomally provides
cable ampacity chart or cable current carrying capacity, for
the designer to select the cable from the vendor confirmed
ampacity Takle meeting the requirement of 5.2 above.

54 Cable shall be designed to cperate in steady state
conditions and in the limited fime of overoad conditions.
Effectively, the site and installed ampere rating, I (5.2 above)
shall be less than that of the rafing the circuit brecker rating
current of the cable protective devices, L. To ensure safe
operation of the cable, the selected cable ampere rating, Iy
must be greater that the two conditicns above. In principle,
the ampacity rating must comply with the equation shown
below:
|s<|r< IN Eqg. 5

In addition, the cable let through energy it (A%s) shall be greater
than that of the circuit breaksr lset through energy selected 1o
protect the cable.

55 Based on the selected cable and its estimated length,
calculate Veltage Drop during steady state or during motor
starting using formula below (Reference 3):

Three Phase Volt Drop:
VBI(RC cos @4 - X sin @)L

= Eg. 6
°F 1000
Single Phase VoIt Drop:
2I(R - X si L
- (R cos @ -X sin @) Eq. 7
1000
DC Circuit:
2FR L
s T Eq8
& 1600
Where:

R, = Cable AC or DC Resistance of the cable (€2/km)
)(C = Cable Reactance of the cable (Q/km)

| =Fullload or Starfing current (A)

L =length of the Calble (m)

Cos (8) = Power Factor (per Unib).

The percentage (%) of voltage drop is then calculated 1o
ensure it meets the limit set by the project reguirements.
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Vd %= (Vd/ V) X 100
Eq. ¢

5.6 Referring fo IEC 60364, the next step involves confirming the selected
power cable as a result of maximum short circuit or fault currents, It is a way to
check the cable thermal integrity once it is subjected to a high current cable
temperature rise and subjected to the maximum short circuit current in a short
duraticn prior to circuit releasss either by a circuit breaker or a fuse.

5.7 The calculation focuses on the minimum size of the cable to sustain
the short circuit energy that will raise the tfemperature profile of the cabls in a
short durction without any thermal degradation and damage. The size shall be
sufficient so that the insulation materiak and performance are not affected.
The formula, captured from reference (3), is given below:

& o N EQ. 10

k

Where:

A =Conductor minimum

i = energy of short circuit (A2 s)

k = Constant from reference (8)

0,- 0
k=226 1n(17f d ) EqQ. 11
2345+ 6,

Where:
of - @i are the inifial and final conductor tfemperatures respectively.

58 Earth lcop can be a separate cable or the cable armour to provide
a return path for the earth faulb current. In cur case, the calculation is to
determine the maximum length allowable so that the cable impsdance is
limited to ensure sufficient current for the protection circuit breaker to cperate
within the required disconnection time pericd. The formula for the maximum
length is given below (Reference 3):

1000V,
L= Eq. 12
IA\/(RC +R)P+(X +XF

Lmox is The maximum cable length (m)

Vp is the phase to earth voltage af the protective device (V).

A is the earth fault current required to trip the protective device within the
minimum disconnection time (A).

Rc and Re are the ac resistances of the active and sarth conductors
respectively (Q/kmj).

Xc and Xe are the reactances of the active and earth conductors
respectively (/km).

m Steady State Transient State

1. Full load Ampers (FLA) of the Short Circuit Current capalsility
eqguipment @ installed conditicns (temperature rise)

2. Voltage Drop Requirements Inrush Current (Starting Current)

3, Earth Fault Loop Impedance High voltage atf the terminals dus
to reflective voltage waveform

4. Overload condition in which Lightning induced voltage
Cable Ampacity is greater than (Reference 2)
that of cable protective device
interrupling rating

Table 2: Cable sizing criteria for the shipboard and offshore applications



6.0 SUMMARY

Based on the discussicn above, the operaticnal conditions
are basically divided infe twe criteria or scenarics. The first
is the cable operation in a steady state and the cther is
when the cabls is subjected to the transient states. Table 2
summarises the criteria of the two operating conditions. For
the extreme conditions, the cable intfended performance
is not affected and the insulation infegrity of the cable
produces no thermal degradation which can reduce its
lifetime and jeopardise safety.

EXAMPLE:

You are 1o size the power cable, connecting from the existing
400V 80Hz LV switch gear in a 10-ysar-cld DNV certifisd FFSC
to the 250kW three phase motor for the crude transfer pump.
The power factor and ifs efficiency of the meter are assumed
0.8 and 85% respectively. The starting cumrent is about 6.5X
the full lcad ampere. The motor is located cutdoors albove
the main deck and exposed to the environment. The
ambient temperature for some location of the routed cable
is, at times, as high as at 50°C. It is protected by the air circuit
breaker trip rated af 800A. The length is akbout 200m from the
slsctrical room in the FPSC slectrical rcom which is located
adjacent to the main ship bridge. The FPSO is located in an
offshore location north of Bormeo oil field.

Step I:

Check the installation based on the site conditions shown in

Section 2 above. The finding is given below:

a) The cable must be DNV classification and the project
requirement includes XLPE insulated, armoured cnd PVYC
outer sheath.

) The ambient temperature is 40 degress Celsius and
highest can be af 45 degrees.

c) The cable will be routed with other cables, bundled with
other cables.

) Itis for normal process use.

e) It shall meet the requirements of mud resistant and low
smoke zere halcgen type cable.

Step 2:

Check the slectrical reguirements based on conditicns

shown in Section 3 above. The finding is given below:

ay Itis IV application 400V AC 50Hz and thus 0.6/ 1KV
insulation type cable is selected.

b) Itis three phase motor with separate earthing cable.

cy It must mest less than that of 5% voltage drop at the
motor terminal during normal cperation.

Step 3:
Calculate the FLA using squation 2 above. The finding is
given below:

FLA = B31A

Where KVA = HP x 746 Equation 5

Project reguirement may include a minimum size of 25%
greater than that of the FLA. The finding is given below:
FLA'= 651.31A

FEATURE

Step 4:

Select power cable thal meets the requirements above,
from technical data provided by the vendor. Example,

ay 2x 1C x 240 mm sq {1044A) or

By 3x 1Cx 185 mm sg (1332A)

Step &:
Calculate the FLA applying derating factors, based on
Secticn 4.2 above. The finding is given below:

A 2 X240 mm sq;
B. 3x 185 mm sq:

AF=094& GF=0.78

FLA"=2x 522 x 0.95x 0.78 = 773.6A
FLA" = 3x 444 x 0.94x 0.78 = 987A

The cable above is selected based on the Sectlicn 3 above.
In addition cost control, availability and specific project
requirements may be considered.

Step 6:
Calculate the cverload conditicns shown in Section 5.4
above. The finding is given below:

B531A = B00A = 987A

Thus, cable (B meels the conditions of eguation (8) above
and is selected.

CAUTION: Maks sure to also check the space for routing,
Transits, conduits and airways, fight areas, ferminaticn, and
bending possibility.

Step 7:
Calculate voltage drop using formula shown on Section 5.5.
The finding is given below:

=183.94((. 128 x 0.8) + (096 x 0.63)/3
=2943 /3=9.8V

Since itis 3 parallel run per phase, then at each run, the drop
is 10.8V.

Voltage drop during motor starfing, given that:
{d |Smrﬁng = 6.5 times FLA

«  PFisassumed atf 0.3

= 3452[(.128x 0.3)+(.096x0.9543]/3

=9.92%

Sc, the voltage drops are acceptable as during steady
state, is about 1.03% and during starting the % drops is .92 %

Step 8:

Then check the cable insulation infegrity against the possible
short circuit current or faulted current maximum ot the cable
itself. In this case, equation (10) is applied.

Assuming that Ik is the prospective short circuit current of
25kA, the protection set at 1 sec and by references (9), with
the cperating and limit cable temperctures at 250 and 90
degrees C respectively, the femperature rise censtant is:

k=143

Therefore, the minimum size of the cable to sustain the
impact of this maximum short circuit current is

A = SQRT [(25000"2) x 11/143
= 174 mmy

Septernber 2015 BN CTETE ¥.1 n
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Foor o 8804 eorth foult protection with o 2-eecsndd opening
tirme, the minirnurn size of the coble B given be e

A = SERT (650423 % 3)/143
=78 mm?

The s=lected oobkes con hoirdke the shed circuit themnol
tinzient effect obowe.

Step P

Fer o seponcte eathing used for the bod, cakukbte eafth
foult lcop impedoncs to determine the moxirnumm ength for
the coble forthe ecnh foult protection Equotion 11 cbowe.

Aesurming thot the eathing coble B Ommed ooble, foken
from equaticn 12 aboywe  the finding B given below:
Lrncix = 454m.
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