Voltage Drop and
Branching Circuit
Design Calculations

Week 5-6-7




Cable selection criteria:

1- Cable ampacity (capacity): maximum current carried by cable, depends on burial
depth, environment, air or cable tray distribution, soil temperature, grouping ...etc.
Current must be calculated using de-rating factors.

2- Voltage drop allowance: very critical in low voltage distribution networks

3- Short circuit withstand capabilities: Short circuit current versus time relation, will
the selected cable withstand the expected short circuit current at fault for the given time

duration or not and will the circuit breakers operate before the cable failure.

\oltage drop in distribution systems (LV) must not exceed a total of 8%

« Transformer= 1%

* From distribution transformer to main distribution panel board (inside building)=3%
(4% MV)

* Riser=1-1.5%

 Rest=25%
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Power Cables

4 _ LV cable
ables are usually classified according to

their operating voltage as follows:
1. Low voltage cables (up to 1kv)

2. Medium voltage cables (3kv up to
30Kkv).

3. High voltage cables (66kv up to 500kv). MV cable

For same cross sectional area, single core
cables Ampacity is greater than that of multi-

core cables. But from economics point of view

multicore cables are preferred.

EL WEDY HV cable
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Power Cables e

L

1- Conductors: different resistivity : o

Copper is used with low voltage for minimum voltage drop

(lower resistivity than Aluminium and higher conductivity)

luminum is used with medium and high voltage for «*** -
smaller current ampacity and thus fewer voltage drop R e S
b sl aS) glasoll asluo puaid ywlsdl oo J8I &m0Vl disw pguiogl VI JuSII

U;edl

2- Insulation:

Cross LinkeAlvethylene (XLPE) cables

ith medium voltage and sometimes low but is Copper cable

very/expensive so its more preferable in medium
Caple tolerates higher current than PVC cables
ithstands higher temperature, thus current carrying

pability is higher than PVC (up to 90 degrees celcius)

her short circuit capability than PVC

Aluminum cable



Power Cables

Polyvinyl Chloride (PVC) cables:

opular in low voltage applications

Lower cost than XLPE but less current

capacity

« White power which is used in fabricating hard
(XLPE) cables

materials

resistant fo water, oil, alkalis and doesn’'t burn

easy thus requires less replacement

At high temperature it turns into soft material
sl 85lo) at higher than 80 degrees celcius.

Thus can be used with temperature not more

than 70 degrees

Polyvinyl Chloride (PVC)
cables



Power Cables

Step 1: Cable Selection:

1. Determine the allowable current in circuit (I1z) which is proportional to
the cross section of the defined cable which includes the protective
element sl LI glhso go wwlias Sl g 8,510l 09 @ zgouwad] Ll
QGlo=dl 850> o=

2. Determine the de-rating factors (k factor)

Step 2: Perform your voltage drop calculations:

eiyér manually or using load moment and chart technique
Step 2: Short Circuit check:

ake sure that your selected cable cross section can withstand short

ircuit for a certain time interval




De-rating factors (k factor determination): Example

Derating factors

Ground temperature derating factor

Type of Cable Used Depth Cm
Ground temperature °C 25 30 35 40 45 50 55
LV 50 - 80
PVC cables rated 70 °C 1.13 1.07 1.00 093 0.85 0.76 0.65
XLPE cables rated 90 °C 1.09 1.04 1.00 0.95 0.90 0.85 0.80 M.V 80-100
H.V 100-120

| Table J EHV 120 - 140

Air temperature derating factor

*Cable laying is a major factor affecting the cable life.
At femperaure o > 2 > - - o > * Qur Catalogue and technical offers based on 50 cm.

PVC cables rated 70 °C 1.22 115 1.08 1.00 0.95 0.82 0.71
XLPE cables rated 90 °C 1.14 1.10 1.05 1.00 0.90 0.89 0.84




Burial depth derating factor

Cables cross section

Depth of laying mt.

Up to 70 mm?2 95 upto 240 mm? 300 mm?2 & above
0.50 1.00 1.00 1.00
0.60 0.99 0.98 0.97
0.80 0.97 0.96 0.94
1.00 0.95 0.93 0.92
1.25 0.94 0.92 0.89
1.50 0.93 0.90 0.87
1.75 0.92 0.89 0.86
2.00 0.91 0.88 0.85
Soil thermal resistivity derating factor
Soil thermal resistivity in °C. Cm/ Watt 80 90 100 120 150 200 250
Rating factor 1.17 112 1.07 1.0 0.91 0.80 0.73
PVC rated temperature derating factor
Type of PVC rated temperature °C 70 85 95 105
Rating factor 1.000 1.195 1.309 1.414

De-rating factors (k factor determination): Example

]
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Short Circuit Current Calculation: é,1MJI1 .09 i Vlw>

» Short circuit current is the current flowing in an electrical circuit due to fault
occurrence which is different than the normal current (could reach 10 times
more than normal current)

» Short circuit could be :

> Symmetric (3phase),

> unsymmetrical (two phase, two phase to earth, single phase to earth)

» Most occurred one is single phase to earth and symmetric 3 phase

fault.

6kW 4kW 2.5kW  TkW

2kW 1.5kW 1.5kW  TkW

Calculate short circuit current if a single phase short circuit occurred

between phase a and ground, occurring at entrance of load 2



Short circuit Current calculation: &,1MJI1 .09 i VL

6kW=27 A 4kW 2.5kW  TkW Assume rated voltage
is 220V, single phase,

resistive load, copper

cables are used

whose cross section

2kW 1.5kW 1.5kW  TkW
=9 A =6.8A =6.8A  =4.5A

areda is 6 mm2

R—p%1'78X10_8X30—0089Q
- A 6 x 106 .

Y =229 _ 947194 4
R 0.089



1- Symmetrical Fault  LileioJ] juasdl ;i

K XA
Iy = \/E

Isc = Short circuit rating of cable (kA)
A = Cross sectional area of conductor (mm2)
t = Time to frip (seconds)

K = Cable short circuit factor (from table 1)
.

2- quym etrical Fault with earth ;L
' 30 M| Llosod] jut uonll

; _CxA
EF — \/E
A factor that depends on the earth path

erial.
ross-sectional area of earth path.
Rault duration in seconds.

Short Circuit calculation for Cables
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Table 1: Maximum temperature capability
for different cables due to short circuit.
Egyptian code
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Short Circuit Capability: Example

Max. short circuit temperature for cable components

Material Ttem Temp. °C
Insulation PVC insulation 140 For C.S.A > 300 mm2
160 For C.S.A < 300 mm2
XLPE insulation 250
Sheathing PVC sheathing 200
LDPE sheathing 150
HDPE sheathing 180
Lead sheath 170
Lead sheath - alloy *200

* Temp. = 210 °C for cables with rated voltages above 30kV (U,=36 kV),

kA short circuit current - Copper conductor - PVC insulated

Duration sec.
C.S.A. mm?
0.1 0.2 0.3 0.4 0.5 1.0 2.0 3.0 4.0 5.0
16 5.8 4.1 3.4 2.9 2.6 1.8 1.3 1.1 0.9 0.8
25 2 1 6.4 52 4.5 4.1 2:9: 2.0 7 1.4 1.3
35 12.7 9.0 7.3 6.4 5.7 4.0 2.8 2.3 2.0 1.8
50 18.2 12.9 10.5 9.1 8.1 5.8 4.1 3.3 29 26
70 25.5 18.0 14.7 12.7 11.4 8.1 5.7 4.6 4.0 3.6
95 34.5 24.4 19.9 17 155 10.9 e 6.3 S0 4.9
120 43.6 30.9 25.2 21.8 19.5 13.8 9.8 8.0 6.9 6.2
150 54.5 38.6 B1.5 273 24.4 17.3 12.2 10.0 8.6 T
185 67.3 47.6 38.8 33.6 30.1 21.3 15.0 12.3 10.6 9.5
240 87.3 61.7 50.4 43.6 39.0 27.6 19.5 159 13.8 123
300 109.1 771 63.0 54.5 48.8 34.5 24.4 19.9 17.3 15.4
400 130.0 9119 Vet 65.0 58.2 41.1 29:1 287 20.6 18.4
500 162.5 114.9 93.8 81.3 72.7 51.4 36.3 . 29.7 25.7 23.0
630 204.8 144.8 1182 102.4 91.6 64.8 45.8 37.4 324 29.0

s
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Electrical riser Aclall
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Cable tray

For cable grouping in one individual route. Each cable has its own outlet at
the end
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CIRCUIT BREAKER

o

Single pole CB

3

i
ile

e fo cable insulation failure or contact between

ble conductors due to cable rupture

onnect circuit due to overload
two pole CB



CIRCUIT BREAKER : gblgsall
How to read the numbers on circuit breaker

Rated operating voltage Ue (in V)
This is the voltage(s) at which the circuit breaker can be used. The value
indicated is usually the maximum value.

4gd ardicpa adaldl) U) agal)
Rated insulation voltage Ui (in V)
This value acts as a reference for the insulation performance of the device. The
insulation test voltages (impulse, industrial frequency, etc.) are determined based
on this valye.

ahldl) (e L sais a3 A agad)

Impuvlse voltage Uimp (in kV)
alue characterizes the ability of the device to withstand transient over
volfages such as lightning (standard impulse 1.2/50 us).

@ﬁ\ﬁdﬁjﬂhéMJﬁg@m\gﬂ\ KYEN|



CIRCUIT BREAKER : gblgsall
How to read the numbers on circuit breaker

ated Current in (in A)

his is the maximum current value the circuit breaker can withstand on a permanent
basis. This value is always given for an ambient temperature around the device of
40°C in accordance with standard IEC 60947-2, and 30°C in accordance with
standard IEC 60898-1. If this temperature is higher, it may be necessary to reduce the

operating cur

Laila adaldl) A jas 2k LS e

Ultimaje breaking capacity Icu (in kA)

his is/the maximum short-circuit current value that a circuit breaker can break at a
iven voltage and phase angle (cos ¢). The tests are executed on the breaker and
wing the test, the circuit breaker must continue to provide a minimum level of

ty (isolation, dielectric strength).

éh&\@)ﬁgdhs Uk ‘”Aﬁ\



CIRCUIT BREAKER : gblgsall
How to read the numbers on circuit breaker

7/iandard breaking capacity Ics
This is the value expressed as a percentage of Icu. It will be one of the
following values: 25% (category A only), 50%, 75% or 100%. The circuit

breaker must be capable of operating normally after breaking the Ics

current several fimes

“maximym current can flow through the breaker from time of occurring

short circuit to the time of clearing the short circuit without any permanent

damage in the CB.”

038 Bl juaS g Ll 138 Gigan day Lras Jany O A adal8l) Jlae LS oY dpilly Jlaad) LS A


http://www.electrical4u.com/electric-current-and-theory-of-electricity/

CIRCUIT BREAKER : gblgsall
How to read the numbers on circuit breaker

hort Time withstand Current Icw (in ka)

his is the value of the short-circuit current that a category B circuit breaker is capable
of withstanding for a defined period without altering its characteristics. This value is
infended fo enable discrimination between devices. The circuit breaker concerned
can remain closed while the fault is eliminated by the downstream device as long as

the energy i2t does not exceed icw?2 (1 s).

discrimination between devices 4 I g Al g1 ol g 4ld A 5

Utilization category

EC 60947-2 designates circuit breakers as belonging to one of two categories:
Category A for circuit breakers which do not have a time delay before tripping on a
orf circuit

ategory B for circuit breakers which have a time delay.



CIRCUIT BREAKER @ gblgall

How to read the numbers on circuit breaker

ated short-circuit making capacity lcm (kA peak)
This is the maximum current intensity a device can make at its rated
voltage according to the conditions of the standard. This occurs when we
switch on a breaker or an ordinary switch due to RL transient response. This

represents t

DC and AC components of current flowing in the breaker

“The brgaker’s contacts have to withstand this highest value of current

the first cycle of waveform when breaker is closed under fault”

oAl Jaads Bale) Aie A8 jaus éhm\ Ll ‘;AM‘ dadl)


http://www.electrical4u.com/electric-current-and-theory-of-electricity/

Max Current Rating

Bindid (6,10, 16, 20, 25,
] b reating 32,40, 60, 63 etc)
= Product Modal No—‘ Capalcxty Type

Troni
EXAMPLE: -
Breaking Capacity —
(Max Short Ciruit Current) 110900
«—— Energy Class

types by the level of the rated ultimate short- catuog o — O

ircuit breaking capacity: 0 - OFF Q_OES

N
-«——1— Operation Symbol
-«— Operating Voltage

— ON-OFF Indication

1 Type C (Basic type), \ _\_4 {‘:)m_
d Type L (Standard type), . » 0

"‘@
e

d Type M (Less high breaking type) and e
o ° E Sdb"e-igﬁr S
O Type H (I-I}gﬁ breaking type). g. cooH__ {l o
E

W

alid ) ﬂ:
W)

L}

24718

55Y6 0 Miniature Circuit Breaker 1+Nin 1 MW
Low Space Requirements

For applications up to 40A

with tripping characteristics B, C,

and a switching capacity up to 6 kA,

whene 3 switchable neutral conductor is required.

The MCE 1+N inversions
N-left or N-right and compact design
(width 1 MW = 18 mm) saves space on the distribution board.




CIRCUIT BREAKER : gblgall

> Miniature circuit breakers (MCB)

« covering a rated current range between
6A and 125A under the voltage of
230/400V.

« | Withstands short circuit current not more

than 10kA (current that breaker stands Jadll o)
Thermal Trip:
protection against

technical and economic  over - Load

all sectors: Industrial, public and ——

three pole MCB Thermal overload

before it melts for a short time)

the optim

solution i

rQqtection of measuring circuits with | |
C.B mag

Magnetic Trip:
protection against
short circuit



CIRCUIT BREAKER : gblgall SN

> Miniature circuit breakers (MCB)

+ Energy Class: MCB normally work on current Kaons e |
limiting feature. It means that it does not allow s CGON
fault to get it's peak and trip before that. But mc':i‘%:ﬂ,;:‘:% ,I\i\%.——msmmsmw
since there is some time consumed in fripping, i 5“73"'35#?“
fault current will create some energy which will r\:;
exist in system. This energy is termed as let ‘?_
through energy. For efficient MCB operation it . ‘l
should be limited. On basis of amount of energy How to Read Méa Nameplate Rating Printed on It
it is classified in class 1, class 2 and class 3. Here
Class 3 j§ best which allows maximum 1.5L

ond. This is being tested as per IS



CIRCUIT BREAKER : gblgill | R <7
* ke overload

» Miniature circuit breakers (MCB) — T e
« B-type: operates between 3-5 irated- F __ :

resistive load applications. For example a % - iiii;§

10A device will frip at 30-50A. PRI T

C-type: operates between 5-10 irated- 31 1 Bl

inductive load applications Eﬁ’ ‘ .

D-type: operates between 10-20 irated- T

tive load applications and I/In<1 I/In>10

capacitiye loads normg)l sC

will trip faster than type C for a S e

givery overcurrent, and type C will be o X gEtieen)
1 1

aster than type D. i

=

——Btype 3-5In

= — Clype 5.10In
= Dtype 10-14In

d settings 5

05123457 102030 5070100200 VK




CIRCUIT BREAKER : gblgsli

> Molded case circuit breakers (MCCB)
. AC 50/60Hz, rated insulation voltage and

operating voltage up to 690VAC and
250VDC. The rated operating current
between 3A-1600A

. Complicated compared to miniature

Withstands short circuit current up to

under voltage and can even be
equipped with earth fault protection.
djustable settings for (Ithermal, T, |) are

djustable and can have three curves

protection against overload, short circuit,

Min

P

Operating time —
»

Sec

™ Min. value \ \‘

0.02 \
£ 0.01

1 152 456 810 15 20 30 40 60 80100
Multiple of rated current —

Regions for maximum

and minimum operation



Molded Case- type Circuit breaker (MCCB)

MCCB- type Type of Protective Overload Short circuit protection
relay protection (short-time delay)

(Long-time
delay)

Domestic Thermal- magnetic I, =1, Fixed at I,, = 7 to 101,

Industrial Thermal- magnetic Adjustable Adjustable
081, <I. <I, 51, <1, <10I,
Electronic Adjustable Short delay adjustable at
041, <I.<I, 151, < I, < 10,

Instantaneous fixed in range
1210 151,

stantaneous: This provides protection against high intensity short = “?‘“{“”“"‘"““”“
ircuits /It is either set by construction at a fixed value e

(&, To 20 kA), or adjustable according to the device. \\_

g/Time delay: provides protection against lower intensity short 3 .
ts, which generally occur at the end of the line. The period of
elay may be increased by thresholds up to one second, to
discrimination with devices placed downstream.

ime delay: This is similar to the characteristic of a thermal | .
\It protects conductors against overloads. s | i e




CIRCUIT BREAKER : gblgsli

> Earth leakage circuit breakers (ELCB)

« safety device used in electrical installations with high

earth impedance to prevent shock. It detects small
stray voltages on the metal enclosures of electrical
equipment, and interrupts the circuit if a dangerous
voltage is detected. (could be voltage based or
current based)

Current based (RCCB)compares current in and out of

circuit ich should be the same. Otherwise, breaker

trips.
This j

a high sensitivity device, example 5mA, 30 mA
in residential buildings which corresponds to a
roblem in case of human confact. 300 mA used in
mputer applications protection. Gaawlwsdl aoud
| )Ll

d current which is the current which the breaker
tand before failure, typically 32, 40, 63, 100 A

TEST button equipped



CIRCUIT BREAKER : gblgsli

> Air circuit breakers (ACB)

o protect circuit from overload,

under voltage, short circuit and
single phase earthing  with
intelligent and selective

protection function

The breaker is applicable for
stations, factories, mines Air CB

and modern high-



CIRCUIT BREAKER : gblgsall

> Motor protection circuit breakers

(MPCB)
« AC voltage up to 690V and current up

to 80A
« |t can be used to protect a three
phase cage asynchronous motor and

a distribution line against overload,

failure and short circuit, to
control the motor's infrequent starting
and other infrequent load conversion.

If can also serve as isolator.




CIRCUIT BREAKER : gblgsall
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CIRCUIT BREAKER : gblgsJl

Factor to
guarantee Icp = FACTOR X I14q4
breaker
doesn’t { t \
heat up EC IEC NEC
25% over load 20%over load 10% over load
Ics=125%18=225 Amp. - ’
_(But theve iz no C.B with Ir = 22.54) —
So. from C.B standard:- * 3
20A 25A 324 - !
. P -
22 5A
So. Select (C.B =25 Amp )
Circuir Breaker Ratings
1016 25|32|80|50|s3 |80 |10 160|200 |250]400| 630|300 | 1000|1250 1600 | 2000 |2500 ] 2200 | 4000|5000 &30

ACB

MCCB




FUSES: Wl p.00ll

« Protects elecftric circuits same like circuit
breakers but differs as:

1- lower cost compared to CB

2- Faster than CB in disconnection

3- changeable each time fault occurs

on the other hand CB are changed if

short circuit current occurs.

types are:

1- Thermal fuses

2-/Caritridge fuse (ceramic and contains
sficon sand for arc extinguish). Doesn't
istinguish between overload and short

ircuit

5_

_I__

Time

(seconds) 5
2 -

] —

0

cartridge

Fuse curve

0

I I I I I I
103 206
Percent rated current



FUSES: Wl p.00ll

3- High rupture capacity fuse:

ceramic cartridge inside it a thin pure silver wire
and silicon/Quartz sand filling.

can distinguish between overload and short circuit
and can be equipped with fault indicator

Fuses are available in ratings up to1250A at low

voltages and, say,100A at 11kV.



FUSES: Wl p.00ll

IEC standards define two classes of fuse:

*Those intended for domestic installations, manufactured in the

form of a cartridge for rated currents up to 100A and designated

type gG in IEC269-3, where ‘G’ indicates general application.

Those for industrial use, with cartridge types designated gG

(general yse); and gM and aM (for motor-circuits) in IEC269-1 and

e A more recent development has been the adoption by the IEC of
a fyse-type gM for motor protection, designed to cover starting,

d short-circuit conditions.



