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1. SOURCES OF FAULT CURRENTS

The basic sources of fault currents are the utility supply system,
local generators, synchronous motors and induction motors. All the
running generators in the utility system contribute to the fault
current in a low-voltage system. However, transmission and
distribution lines and transformers introduce impedances between
the utility generators and the low voltage system. As a result, the
contribution of these generators to the fault current in the low-
voltage system is substantially reduced. Nevertheless, the utility
system is still the main source of the fault currents. The amount of
the short-circuit current from the utility system is normally
expressed as the fault level should normally be obtained from the
utility. Typical values of fault level at 22 kV are in the range of 300
MVA to 1000 MVA and for 6.6 kV, in the range of 150 MVA to 200 MVA.



2. SHORT CIRCUIT

Short-circuit faults in an electrical installation can arise as a result
of :

a) Failure of insulation within equipment or distribution feeders.
D) Wrong connection of terminations.
C) Negligence.



3. EFFECTS OF SHORT CIRCUIT
CURRENT

When a short-circuit occurs, a very high fault current flows from the

source of supply to the fault point; the two effects of this high
short-circuit are:

a) Dissipation of a tremendous amount of heat energy (thermal
energy) in the complete distribution system.

Thermal energy = (I12R) x Duration of the fault
b) Setting up of a very high oscillating mechanical force

(proportional to 12) between two conductors, which may cause
serve mechanical damage to the installation.



4. PROTECTION AGAINST SHORT CIRCUIT

Short-circuit protective devices are circuit breakers or fuses at all
voltage levels.

The circuit breakers or fuses selected must be capable of
interrupting the fault current at the rated voltages that may flow
under any of the following short-circuit conditions:

a) Three Phase Fault
D) Line to Neutral Fault
C) Line to Line Fault



5. INTERRUPTING CAPACITY OF
PROTECTIVE DEVICE

When subjected to a short-circuit, protective devices having
inadequate interrupting capacity may explode resulting in injury to
personnel and causing serious damage to the installation.

The short-circuit rating of a protective device is the maximum fault
current that the device can interrupt safely and must therefore not
be less than the calculated short-circuit current at the point of
installation.



6. PROSPECTIVE SHORT CIRCUIT
CURRENT

The configuration in its simplest forms is as shown in Figure 1.
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Figure 1 Total system impedance which limits the short circuit current



The ‘prospective’ level of fault current at the point of installation is
the r.m.s. symmetrical current that would flow in a circuit due to
the nominal applied voltage when a short-circuiting occurs at that
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Total System Impedance Z; = \/ Rp?+ Xp?

Therefore, r.m.s. value of a 3-phase symmetrical short-circuit
current
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/. OHMIC VALUE METHOD

The above calculation makes use of the ohmic value of impedance
of the power source, transformer, bus duct and cables for the fault
current calculation and it is therefore known as ohmic value
method.

Ohmic value method for fault current is effective for simple system

with one voltage level only (i.e. 400V 3-phase or 230V single phase
system).



8. MAIN OBJECTIVE OF FAULT
CALCULATIONS

a) To determine maximum 3-phase short-circuit currents for the
selection of suitable circuit breakers with the necessary
interrupting capacities.

D) To determine the time co-ordination of protective relays with
the knowledge of the fault currents that must be protected.

C) To ensure that busbars are adequately braced against the short-
circuit forces produced by the high fault currents. Short-circuit
forces are proportional to the square of the fault current.

d) To select cables with ability to withstand short-circuit heating
for the time required to clear circuit by the circuit breakers or
fuses.



9. OHMIC VALUE OF CABLE IMPEDANCE

To calculate the fault current by ohmic value method, the ohmic
value of cable resistance and reactance can be obtained from the

voltage drop section of tables in the code of practice for electrical
installations.

An example of this drop table is shown in Table 1 for PVC insulated
single core cable and Table 2 for XLPE insulated single core cable.

The phase conductor’s resistance R and reactance X for each meter
run of the phase conductor can be calculated from the tabulated
mV/A/m values of the tables.



For example, actual resistance of conductor at maximum operating
temperature (70° C for PVC insulation and 90° C for XLPE insulation)

can be calculated by:-
Rp = Va(mV/A/m), & Xp = Y2(mV/A/m),

and
Rp = (MV/A/m)./+/3 & X, = (mV/A/m),//3
If the value of MV/A/m and taken from the 3-phase columns.



-~

TABLE 4D18

, .70°C
. VOLTAGE DROP (per ampere per metre): Conductor operating temperafuires 70—-.- ;
' 2 cables, single-phase a.c. 3 or 4 cables, three-phase a.c. R
ﬁg:;r 2 Reference Reference Reference Reference Reference Reference Reference
iy cables Methods 3 & 4 Methods | & 11 Method 12 Methods 3 & 4 Methods 1, 11 & 12 Methods 1 & 11 Methed 1:-" L
e, A (enclosed in (clipped direct (spaced?) (enclosed in (in trefoil) (fat and (flat spaced®) =
tionnl conduit etc. in or on trays, conduit ete. in touching)
area or on a wall) touching) or an a wall)
I 2 3 4 5 6 7 ] 9
(mm?) | (mv/ (mV/A/m) (mV/AJm) (mV/Alm) (mV/A/m) (mV/Afm) (mVIA/m) (mV/A/m)
- Alm)
1 |44 a4 44 44 B i 38 38 38
L5 |29 29 29 29 25 25 25 2
25]18 18 18 18 15 15 15 15
4 1. i1 11 i1 95 9.5 95 9.5
6 |73 73 73 73 6.4 6.4 6.4 6.4
10 4.4 44 44 4.4 38 38 38 38
16 28 28 28 28 24 24 24 24 |
r X z r x z r & - r x z r X z r x z r x z
k] 1.75 1.80 0.33 1.80 1.75 0.20 1.75 1.75 0.2% 180 | 1.50 0.29 1.55 1.50 0175 150 150 025 1.55 1.50 0.32 1.55
15 125 (130 031 130 [ 125 0195 125 [ 125 028 130 | L0 027 L10 | L0 0170 100 |10 024 110 | 110 032 LIS
50 0.93 0.95 0.30 1.00 093, 019 095 093 028 097 | 081 026 085 080 0165 082 | 080 024 084 | 0.80 0.32 0.86
70 0.63 0.65 029 0.72 0 0.185 066 0.63 0.27 069 | 0.56 0.25 0.61 0.55 0.160 057 0.55 0.24 0.60 0.55 0.31 0.63
9s 0.46 0.49 0.28 .56 0.47 0.180 0.0 0.47 0.27 0.54 042 0.24 0.48 0.41 0.155 043 041 0.23 0.47 0.40 0.31 0.51
120 0.36 0.39 0.27 0.47 0.37 0.175 041 037 0.26 045 | 033 0.23 0.41 032 0.150 036 0.32 0.23 0.40 ' 032 0.30 0.44
150 .29 0.31 0.27 041 0,30 0175 0,34 0.29 0,26 .39 027 0.2} 036 026  0.150 0.30 0.26 0.23 0.34 0.26 0.30 0.40
185 0.23 .25 0.27 0.37 024 0170 029 | 024 026 035 | 022 023 032 | 021 0.145 0.26 0.21 022 031 0.21 0.30 0.36
240 0.180 | 0,195 026 033 0.185 0.165 025 0.185 0.25 031 0.17 0.23 0.29 0.160 0.145 022 0.160 022 027 0.160 029 0.34
300 0.145 | 0.160 026 0.31 0.150 0.65 022 | 0150 025 029 | 0.14 023 027 0130 0.140 0190 | 0.130 022 0325 0130 020 0.32
400 0.105 | 0.130 026 029 0.120 0.160 020 | 0.115 025 027 0.12 022 025 0.105 0.140 0475 | 0.105 021 0.24 0.100 0.29 0.31
500 0.086 | 0.110 026 028 0098 0155 0185|0093 024 026 | 0.10 022 025 0.086 0.135 0160 | 0086 021 023 | 0081 029 0.30
630 0.068 | 0.094 025 027 | 0081 0.5 0175|0076 024 025 | 0.08 022 024 (0072 0435 01500072 021 022 | 0066 028 0329
800 | 0.053 : 0068 0.50 0165 | 0061 024 025 s 0060 0130 0.45 | 0060 021 022 | 0053 028 029
1000 | 0.042 : 0059 0150 0.160 | 0050 024 024 ; 0052 0.30 040 | 0052 020 021 | 0044 028 028

Table 1 Voltage drop section of single core PVC cable which mV/A/m as phase to neutral
voltage drop for single phase system and line to line voltage drop for 3-phase system



TABLE 4E1B

VOLTAGE DROP (per ampere per meter) Conduct operating temperature 90°C
2 cables, single-phase a.c. 3 or 4 cables, three-phase a.c.
Conduct , Ref: Ref Ref
2 eference eference eference
Of Cross- Reference Reference Reference Reference
: cables Methods 3 & 4 Methods 1 & 11 Methods 3 & 4
sectional | etiods 3 & 4 Hethods Method 12 craods 2 & 7 Methods 1. 11 & 12 Methods 1 & 11 Method 12 (flat
€. |(enclosed in conduit etc.| (clipped direct or on (enclosed in conduit etc. . . .
area . . (spaced*®) . (in trefoil) (flat, touching) spaced*)
in or on a wall trays, touching) in or on a wall)
1 2 3 4 5 6 7 8 9
(mV/A/ 1AL .y .y .y .y .y
(mm) m) (mV/A/m) (mV/A/m) (mV/A/m) (mV/A/m) (mV/A/m) (mV/A/m) (mV/A/m)
1 46 46 46 46 40 40 40 40
1.5 31 31 31 31 27 27 27 27
25 19 19 19 19 16 16 16 16
- 12 12 12 12 10 10 10 10
6 7.9 7.9 7.9 7.9 6.8 6.8 6.8 6.8
10 4.7 4.7 4.7 4.7 4 4 - 8]
16 29 29 29 29 2.5 2.5 2.5 25
T X z T X z r X z r X z T X z T X z by X z
25 1.85 1.85 031 1.90 1.85 0190 185 185 028 1.85 1.60 027 1.65 1.60 0.165 1.50 1.60 0.19 1.60 1.60 027 1.65
35 1.35 1.35 0.29 1.35 1.35 0180 135 1.35 027 1.35 1.15 025 1.15 1.15 0155 1.15 1.15 0.18 1.15 1.15 0.26 1.20
50 0.99 1.00 0.29 1.05 09 0.180 1.00 099 027 1.00 0.87 025 090 086 0155 087 0.86 0.18 0.87 0.86 0.26 0.89
70 0.68 0.70 0.28 0.75 068 0.175 0.73 0.68 0.26 0.73 0.60 0.24 0.65 0.59 0.150 0.1 0.59 0.18 0.62 0.59 0.25 0.65
95 0.49 0.51 0.27 0.58 049 0.170 0.52 0.49 0.26 0.56 0.44 0.23 0.50 043 0145 045 043 0.17 0.46 043 0.25 0.49

120 0.39 0.41 026 048 | 039 0165 043 | 039 025 047 | 035 023 042 | 034 0.140 037 | 034 0165 038 | 034 024 042
150 0.32 0.33 026 043 | 032 0165 036 | 032 025 041 029 023 037 | 028 0.140 031 028 0165 032 | 028 024 037
185 0.25 027 026 037 | 026 0.165 030 | 025 025 036 | 023 0.23 032 ] 022 0.140 026 | 022 0.165 028 | 022 024 033
240 0.190 0.21 026 033 | 020 0.160 025 ]| 020 025 031 019 022 029 | 0170 0.140 0.22 | 0.170 0.165 024 | 0.170 024 029
300 0.155 | 0.175 0.25 0.31 | 0.160 0.160 022 | 0.155 025 029 | 0150 022 027 | 0.140 0.140 0.195| 0.135 0.160 0.21 | 0.135 024 027

400 0.120 | 0.140 0.25 029 | 0.130 0.155 020 | 0.125 024 027 | 0125 022 025 )] 0.110 0135 0175|0110 0.160 0.195] 0.110 024 026
500 0.093 | 0.120 0.25 0.28 | 0.105 0.155 0.185] 0.098 024 026 ] 0.100 022 024 ) 0.090 0.135 0.160| 0.088 0.160 0.180) 0.085 024 025
630 0.072 | 0.100 0.25 0.27 | 0.086 0.155 0.175] 0078 024 025 ] 0.08 021 023 | 0.074 0.135 0.150| 0.071 0.160 0.17 | 0068 023 024
800 0.056 - 0.072 0.150 0.170| 006 024 025 - 0.062 0.130 0.145] 0.059 0.155 0.165| 0055 023 024
1000 0.045 - 0.063 0.150 0.165] 0.054 024 024 - 0.055 0.130 0.140 ] 0.050 0.155 0.165] 0.047 023 0.24

NOTE * Spacing larger than those specified 1n Method 12 (see table table 4A) will result 1n larger voltage drop

Table 2 Voltage drop section of single core XLPE cable which mV/A/m as phase to neutral
voltage drop for single phase system and line to line voltage drop for 3-phase system




10. ADJUSTMENT OF OPERATING
TEMPERATURE FOR CABLE RESISTANCE

As the (mV/A/m), value of cables obtained from voltage section of
tables in the code of practice for electrical installations are
tabulated for maximum normal operating temperature for
respective insulation type (i.e. 70°C for PVC and 90°C for XLPE), the
actual resistive value of the phase conductor impedance must be
adjusted by temperature because the temperature of the phase
cable under short circuit condition may be higher and this will affect
the resistive value as shown in Figure 2.



> O

Temperature

Coefficient = 0.004 /‘

for copper conductor //

230 -200 -100 020 70 3% 115 160

Figure 2 Resistance Value at Various Temperature

For assumed temperature tg°C under short circuit condition,
maximum normal operating temperature tp°C may be adjusted by
the formula:-

230+tg
230+t

R/meter = (tabulated mV/A/m) at t, C x ( )



Example 1:

(@)For PVC insulated copper single core cable,
t,=70"C

t = critical temperature for PVC = 160°C

max
Average conductor temperature during fault condition is
normally obtained by

_ (tpt+tmax) _ (70°C+160°C)
g 2 a

t = 115°C

230+115
230+70

“ Ry1s5:¢ = Rygec X ( ) = 1.13 Ryo:c

15% increase.



(b)For XLPE insulated copper single core cable,
= 90°C

t__ = critical temperature for PVC = 250°C

maxX

Average conductor temperature during fault condition is
normally obtained by

_ (tp+tmax) _ (90°C+250°C)

= 2 = 170°C

t

230+170
230490

“ Ri70°c = Rgp=c X ( ) = 1.25 Ryo:(

25% increase.



11. VALUES OF K FOR CALCULATION OF
THE EFFECTS OF FAULT CURRENT

Conductor Insulation Q,°C Q:°C Kk
Copper PVC 70 160 115
PVC* 70 140 103
PVC 30 160 143
PVC* 30 140 133
Rubber 85 220 134
XLPE 90 250 143

Aluminium PVC 70 160 76
PVC 30 160 95

Steel PVC 30 160 52
Bare Copper 30 200 159
Bare Aluminium 30 200 105

*For conductors larger than 300mm?2
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Figure 3 Time current characteristic of the MCB



12. (b)
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Figure 4 Time-current characteristic of a typical MCCB



12. (c)
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Figure 5 Time-current characteristic of a typical ACB



13. EXAMPLE (1)
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. MSB

3.(a) assuming fault level 1000MVA at 33kV

_ 1000 x 10°VA

lsc = o = 1,443,418 A

400V 400V

= =30.00016 Q #

7 = =
Source  \/Ixlsc V3 x1,443,418

3.(b) 2000KVA Transformer; 33/0.4KV; 50Hz
DY, 11; Impedance 6%
3phase fault level at secondary terminal of 2000KVA transformer

fault level T/F = 222°%YA _ 33 33 MVA

33.33MVA
V3 x 0.4KV

lgcrr at T/F = = 48.11 KA

_ 400V 400V _
ZTF A \/§XISCTF - V3 x48.11KA =0.0048Q #




|f§=5,X=5R

Z =VR2 + X2 = /JRZ + (5R)2 = RV26

_Z _0.0048 _
R—m— NoT: = 0.00094 #

X = 5R = j 0.0047 #



3.(c) 7 x 4 x 1C 300 300mm?* XLPE/PVC (length 20m)
From the voltage drop table (300mm? XLPE/PVC)

r= 0'—\/1; mV/amp/meter, X = O'—j; mV/amp/meter at temperature 90 C.

Resistance r to be adjusted to average temperature = 20+250

=170°C

0.14  230+170 _ 0.14

V3 X 230490 V3 x1.25

.. Effectiver =

Zyoo =5 X [ (°'—j§4 X 1.25)+] °'—j§4] x 10~3x 20m

= (0.014433 + j0.011547) x 10~3x 20m

7,00 = 0.0002886 + j0.00023094 #



3.(d) Zigtat = Zsc + L1r + L3go

= j0.00016+0.00094+j0.0047+0.0002886+j0.00023094
= 0.001286+j0.0050909

=+/0.000001509 + 0.00002591

=1/0.000027419
Z...o = 0.005236 #

400 400
V3Ziotal V3 x0.005236

. 3200A TPN ACB with 50kA breaking capacity is recommended
at MSB. #

3.(e) lsc at MSB = = 43,362 #



4.(a) MSB
Protection against short circuit current

7 x 4 x 1C 300mm? XLPE/PVC cable connected to the 400V MSB is
protected against |- = 43362 A short circuit current by the direct
acting trip (magnetic trip) of ACB with operates within 0.04 sec.

k?S%  1432x (7 x 300)?
Igc? 433622

For the cable (300mm?= 48 sec

Since critical time |, t_ =

~. The cable is protected by 3200A TPN ACB because 48 > 0.04sec.



4.(b) To check whether 4 x 1C 240mm? XLPE/PVC sub main cable
(60m) to SDB 1 is protected against short circuit current.

At the origin of 400A MCCB for 240mm? XLPE/PVC submain near MSB,
lscmax = 43362 as calculated earlier.

4.(d) Check from MCCB characteristic for 400A MCCB, it should
operate in 0.02 sec on magnetic trip.

k?S% _ 143%x 2407
Igc? 433622

t. = 0.62 sec > 0.02 sec (OK)

The cable is protected against short circuit current (240mm?) by 400A
TPN MCCB.

Critical time for cable 240mm?* XLPE/PVC,t_ =



5.(a) SDB

At the remote end of 240mm? submain (60m) lsc(max) = 3 Phase short
circuit current at the remote end. From the table voltage drop

(240mm? XLPE/PVC) r = O—g mV/amp/meter, X = O—g mV/amp/meter

at temperature 90°C.

90+250

=170°C

r to be adjusted to average temperature =

o 0.17 230+170 _ 0.17 _
= 7 X —oren - 7 X 1.25=0.122 mQ/meter #

Z,40 = (0.122+j0.08) x 1073x 60m = 0.00732+j0.0048



5.(b) SDB
Liotai1y) = Ls + L1+ L3gg + Loy
= 0.001286+j0.00509+0.00732+j0.0048

- 0.0086+j0.00989
= 4/0.0000739 + 0.0000978

=+/0.0001717
=0.0131 Q

400
lsc240) = NI 17,629 amp

- 400 amp TPN MCCB with 20kA breaking capacity is recommended at
SDB. #




k2S? _ 143%x 2407
Igc? 176292

t. = 3.8 sec

The 240mm? XLPE/PVC Cable is protected because 3.8 sec > 0.02
sec (MCCB).

5.(c) Critical time for cable 240mm? XLPE/PVC,t_ =

At the origin of 100A MCCB for 35mm? XLPE/PVC submain near SDB,
= 17,629 kA as calculated at SDB.

ISCmax
Critical time for cable 35mm? XLPE/PVC,t_ = K2S® _ 1437357

ISCZ 17,6292

t. = 0.08 sec
t. = 0.08 sec > 0.02 sec

= This cable is protected against short circuit current by 100A MCCB.



6. SDB (1)
6.(a) At the remote end of 35mm? submain (20m) lscmax) = 3 Phase
short circuit current at the remote end. From the table voltage drop

(35mm? XLPE/PVC) r = O—\/1§5 mV/amp/meter, X = &\gs mV/amp/meter

at temperature 90°C.
90+250

r to be adjusted to average temperature = =170°C

015  230+170 _ 0.15

7 X —oren - 7 X 1.25 =0.829 mQ/meter #

Zys = (0.829+j0.0894) x 1073x 20m = 0.01658+j0.001788



6.(b) SDB (1)

Liotal2) = Liotal(ty * L35
= 0.0086+j0.00989+0.01658+j0.001788

= 0.02518+j0.011678
=+/0.000634 + 0.0001363

= +/0.0007703
= 0.02775 Q

| _ 400 400
B9 VBxLigrap)  V3x0.02775

= 8,322 amp

=~ 100 amp TPN MCCB with 9kA breaking capacity is recommended at
SDB 1.



k?S? _ 1432%x35%
Igc? 83222

t. = 0.361 sec

The 35mm? XLPE/PVC cable is protected by 100A TPN MCCB because
0.361 sec > 0.02 sec (MCCB).

6.(c) Critical time for cable 35mm? XLPE/PVC,t_ =

6.(d) At the origin of 32A DP MCB for 6mm? XLPE/PVC submain near
SDB 1, = 9 kA as calculated at SDB 1.

ISCmax
k2S? _ 1432x 62
Igc? 83222

t. = 0.0106 sec

The cable 2x 1C 6mm? XLPE/PVC is protected by 32A DP MCB because
t. = 0.0106 sec > 0.01 sec (MCB) t.

Thermal limit of cable > MCB tripping time

Critical time for cable 6mm? XLPE/PVC,t, =




6.(e) if we choose 10mm?XLPE/PVC for 32A DP MCB

k?S% _ 1432%x107
Igc? 83222

t. = 0.029 sec
. 10mm? XLPE/PVC is protected because 0.029 > 0.01 sec.

Critical time for cable 10mm?XLPE/PVC t_ =

Cable thermal limit time > MCB tripping time



7. DB

7.(a) At the remote end of 2x1C 6mm?* XLPE/PVC (10m), ls¢(nay) =
Line to Neutral short circuit current at the remote end. From the
table voltage drop (6mm? XLPE/PVC) r = 7.9 mV/amp/meter, x =0
mV/amp/meter at temperature 90°C.

90+250

=170°C

r to be adjusted to average temperature =

7.9 230+170

. Effectiver = —=x =3.95x1.25 =4.9375 mQ/meter #
2 230490
= 4.9375x 1073x 10m = 0.0493 Q




Lioa3) = L1 + L3+ L3

Line to Neutral

A% = 0+j0.00016

Lo = 0.00094+3j0.0047

2 X 2359 = 2x [0.0002886+j0.00023094]
2 X Z,, =2x[0.00732+j0.0048]

2 X7y =2x[0.01658+j0.001788]
2xZ, =2x1[0.0493+j0]

Z, 0 = 0.148067 + j0.018497



7.(b) Ziorawn = 0.148067 + j0.018497
= /0.021923 + 0.000342

= 1/0.022265
= 0.149214 Q

400 400
lseqn = V3xLigrayLny  V3X0.149214 1,547 amp

32A DP MCB with 6kA breaking capacity is recommended at DB.

k?S% _ 143?%x 6%
IscLN® 15472

critical time for cable 6mm?XLPE/PVC t_ =

t. = 0.3 sec
MCB magnetic tripping time = 0.01 sec

6mm? XLPE/PVC is protected line to neutral short circuit current
because 0.3 > 0.01 sec.



13. EXAMPLE (1)

F4 a2
U)DII
o= T MCE
(10m}
e 221C 6mm *XLTEIVC
+imm? PV C(E}
o La] L]
o) o) o)
3
&, 1004
“)MCCB
SDE 1 Gy
y 4z1C 35mm® KIPETVC
+16mm? TWC (B}
o 1004 o o
)T ) )
o MCCE (] =]
2 4004
o
o) TEN
MCCE
S[E
(60m }
—_ 471C MOmm® KLTEIVC
+120mm TV C(E}
J’) e ) J")
T MECCE T
F1 3004
XK IPN
ACE
MEE

Trdz 1C 300mm? XLDEIVC
(20m }

D¥ll: Z=008%

8 2O00ECVA; 30 45V 30 S0H=
KR =5}

T 33KV Fauk Level 10000V A



MSB
2.(a) assuming fault level 1000MVA at 33kV

_ 1000 x 10°VA

lsc = o = 1,443,418 A

400V 400V

3 =30.00016 Q #

7 = =
Source  \/Ixlsc V3 x1,443,418

2.(b) 2000KVA Transformer; 33/0.4KV; 50Hz
DY, 11; Impedance 6%
3phase fault level at secondary terminal of 2000KVA transformer

fault level T/F = 222°%YA _ 33 33 MVA

33.33MVA
V3 x 0.4KV

locrr at T/F = = 48.11 KA

_ 400V 400V _
ZTF 1 \/§XISCTF - V3 x48.11KA =0.0048Q #




2.(c) 7 x 4 x 1C 300mm? XLPE/PVC (length 20m)
from the voltage drop table 300mm? XLPE/PVC

L. % x 2222 mV/amp/meter x 20m

V3
= 0.000321 Q #

2.(d) Zygea = Lsc + L1g + L
= 0.00016+0.0048+0.000321 = 0.005281 O

_ 400V 400V
2.(e) ISC at M5B = V3XZtotal V3 X0.005281
= 43,731 amp

- 3200A TPN ACB with 50KA breaking capacity is recommended at MSB.
#



3.(a) Protection against short circuit current

7 x 4 x 1C 300mm? XLPE/PVC cable connected to the 400V MSB is
protected against I = 50 kA short circuit current by the direct acting
trip (magnetic trip) of ACB with operates within 0.04 sec.

k?S%  1432x (7 x 300)?
Igc? 437312

For the cable (300mm?%= 47.155 sec > 0.04 sec

Since critical time , t_ =



3.(b) To check whether 4 x 1C 240mm? XLPE/PVC sub main cable (60m)
to SDB 1 is protected against short circuit current.

At the origin of 400A MCCB for 240mm? XLPE/PVC submain near MSB,

lscmax = 43731 as calculated earlier.

Check from MCCB characteristic for 400A MCCB, it should operate in
0.02 sec on magnetic trip.

k?S? _ 143%x 2407
Igc? 43,7312

t. = 0.61 sec > 0.02 sec (OK)

Critical time for cable 240mm?* XLPE/PVC,t, =

~. The cable 240mm? XLPE/PVC is protected against short circuit
current by 400A TPN MCCB.



4.(a) SDB
At the remote end of 240mm? submain (60m).

From the table voltage drop (240mm? XLPE/PVC)

Lyso = 0\/2_2 mV/amp/meter x 60m

= 0.007621 Q

4.(b) Zygrar = Lsc + Z1r + L300 +Z740
= 0.00016+0.0048+0.000321+0.007621
=(0.012902 Q

400 400
V3 X Ziotal \/§ X 0.012902

400A TPN MCCB with 20kA breaking capacity is recommended at SDB.

4.(c) lsc at SDB = = 17,900 amp



k?S% _ 143%x 2407
Igc? 17,9002

5.(a) Critical time for cable 240mm? XLPE/PVC,t_ =

t. = 3.67 sec
- The 240mm? XLPE/PVC is protected by 400A TPN MCCB.
3.67 sec > 0.02 sec.

5.(b) At the origin of 100A MCCB for 35mm? XLPE/PVC submain near
SDB, l¢cmax = 17,900 amp.

k?S? _ 143%x 352
ISCZ 17,9002

t. = 0.078 sec
te(cable) > MCCB tripping time
0.078 sec > 0.02 sec.

=~ This 35mm?XLPE/PVC is protected against short circuit current by
100A TPN MCCB.

Critical time for cable 35mm? XLPE/PVC,t_ =



SDB 1
6.(a) At the remote end of 35mm? (20m).
From the table voltage drop (35mm? XLPE/PVC)

Lys = 1—j§5 mV/amp/meter x 20m = 0.013279 Q

Liotal = Lsc + L1 *+ Lo + Logo * L35
= 0.00016+0.0048+0.000321+0.007621+0.013279
=0.026181 Q

400 400
V3 X Ztotal V3x0.026181

6.(b) Iccat SDB 1 = = 8,821 amp

=~ 100amp TPN MCCB with 9kA breaking capacity is recommended at
SDB 1.



k?S?  143%x 352
Igc? 88212

t. = 0.322 sec
-~ The 35mm? XLPE/PVC is protected by 100A TPN MCCB.
Cable t. 0.322 sec > 0.02 sec tripping time of MCCB.

6.(c) Critical time for cable 35mm? XLPE/PVC,t_ =

6.(d) At the origin of 32A DP MCB for 6mm? XLPE/PVC submain near SDB
1, lscmax = 8821 amp.

Critical time for cable 6mm?XLPE/PVC,t, = kzszz = 1432X262
ISC 8821

t. = 0.0094 sec

The cable 2x1C 6mm?XLPE/PVC is not protected against short circuit
current by 32A DP MCB because 0.0094 sec < 0.01 sec.

Thermal limit of cable < MCB tripping time.




6.(e) if we choose 10mm? XLPE/PVC for 32A DP MCB

k?S? _ 143%x 107

Critical time for cable 10mm?XLPE/PVC t_ = — >
Isc 8821

t. = 0.026 sec
~ 2 x 1C 10mm? XLPE/PVC is protected by 32A DP

Cable thermal limit time 0.026 > 0.01 MCB tripping time #



7.(a) At the remote end of 10mm? XLPE/PVC (10m), lscmax) = LIne to
Neutral short circuit current.

From the table voltage drop (10mm? XLPE/PVC),
r==2x1073x 10m = 0.0235 Q #

7.(0) Zigtar = Lsc *+ Lyp + (2 X L399 )+ (2 X Zypgg )+ (2 X L35 ) + (2 X Z+4)
A% = 0.00016
L+r = 0.0048
2 X1y, =2x0.000321=0.000642
2xZ,,, =2x0.007621 = 0.015242
2xZy  =2x0.013279 = 0.026558
2xZ,, =2x0.023500 = 0.047
- = 0.094402



= —— 2 =2,446 amp

Iscn V3 xLyotal(LN) " V3x0.094402
32A DP MCB with 6kA breaking capacity is recommended at DB.

k?S? _ 1432x10%
IscLN® 24462

critical time for cable 10mm? XLPE/PVC t_ =

t. = 0.34 sec
MCB magnetic tripping time = 0.01 sec

10mm? XLPE/PVC is protected line to neutral short circuit current
because 0.34 > 0.01 sec.(OK)



Fault Current Calculated by two methods

Example (I)

Example (I1)

S/N | Type of Fault Location At Arip Cable
1 |3 phase MSB 43362 43731 7x4x1C 300mm” XLPE/PVC
2 |3 phase SDB 17629 17900 4x1C 240mm’ XLPE/PVC
3 |3 phase SDB1 8322 8821 4x1C 35mm’ XLPE/PVC
4 [L-N DB 1547 2446 |2x1C 10mm’ XIL.PE/PVC
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electric

= SBC (Copper Sondwich Insulated Bus Trunking)

181 = — 17 SO, - 18 =
T — iT 1 It sy | |
= = = - =
L " ] ik a oy | rl ‘; (]
3 PheaetS0% 3 Phaas=+100% Netiral 3 Phase+200% Meutrsl 3 Phase+100% Neutrals 100%
Il Egrsh ~50%, Intamal Earth *50% Imeme Earth isalated Eanh+50% inamal Sarth
Rated Current (In} Am 600 8OO 800 1000 | 1200 1600 | 1800 | 2000
ps
— [ SBC [ SBC | 8BC | SBC | SEC | [ 5BE | SBC | SEC |
Aom | sow1 | ot | 7oMt | BONt | 100Nt | 150M1 | 1751 |
:::::;n per phese (No. of mm | Bed(4) | Bx50{1] | BBO{1) | ExT01) | Bocl0N1) | B tO0 1) |62 1251} |Bat50( 1) | Bx17S(1)
Crvarall Height (H) © e a5 FL 106 115 125 148 i 185 =20
Rated Thrae Phase RMS Short
40 50 50 BS 100 100
Tima Current for 1 Sscond (lew ] & = = e
Reted Threa phase Pesk short KA N 05 | we | 143 | wa | w7 | mo | 20 | 20
|tims currant (ipk)
Rated Single Phase RMS Short i 30 s a0
Tims Currant for 1 Second (lw} aay : ® | “ » : ™ »
Raled Slngis phata Pask ahort WA wa | &3 & stg | ms | 122 | m @ | 13
tima current (ipk)
Approximate Weight of Bustrunkin
3 Phass + 50% Internal Earth t Igirmer . 20 2 k2 2 i) kY 40 45
3 Phase + 100% Neutral = 50% ] f— 25 25 5 3 2 40 ar
linternal Earth
3 Phase + 200% Neutral + B0% vt 25 25 2 g 40 47 58 85 T4
Internal Earth
3 Phass + 100% eutral + 1009 g, | 2 20 a2 2 40 a7 58 88 4

|solsted Earth + 50% internal Earth
Electrical Charactaristics for 50 Hz

AC Resistance at 20°C {Rag) ”?:r"" 0.0740 | o.osez | nosea | codzr | aoare | oom | ooze | coaer | oonre
M""'""m‘“, # thereaal "o | o.0066 | o767 | o.0n4s | anssa | oodss | o003 | ansz2 | ooues | onem
Raactanca (X} z e 00417 | 00333 | co2TE | O.0Z36 | 0208 | QUOTTC | 00138 | 0.0127 | OO0

Lo e B 1
|eanditioo [£] Fﬂﬁm'..’n

01045 | 00838 | 00703 | 0.0602 | 00531 | 0.0437 | 0.0350 | 00267 | 00256

01678 | 01342 | 0,128 | 0.0963 | 0.0B50 | D.06RE | DOSSE | O.0482 | 00416

80,7 PF.
Compasits Voltage dropat full | "N | oopas | 0 ne | o113 | 01012 | ooess 00538 | 00504 | 0.0435
Load concentrated at the and of f"‘f.“.'.ﬂir!;
bustrunking run |AV) vgpE | 11809 | 01447 | 01216 | 0.1042 | 0.0820 00755 | 00608 | 0.0514 | 0.04ad
Lnné': 09660 | 018 | 01116 | oowsa | ooee? | oser | oosss | o.osss | oosoz
Electrical Charactaristics for 60 Hz
AC Realstance st 20°C (Rao) M‘"’ ooraz | oosss | ooso0 | ooaze | 00379 | 00343 | ooest | ooeoe | cote
AL TR imcs ot Shermal ™ | 00e61 | noves | n.o64s | 00856 | 00491 | 0,040 | o.oaes | peart | o0z
\conditions (Re) mr__
Rasctance (X) ™% | o.0500 | 00400 | 00333 | c.o2es | co2so | 00204 | 00163 | DME2 | o130
Tmpedance al tharmal | HE
PECEES B (DAL e | oq0ea | 0.0se7 | co72o | 00625 | 0.0881 | 00454 | 0.0383 | 00317 | D026
\conditions (Z] iz
::Fui'.riﬁ? 01784 | 01427 | o118 | ooto27 | cooos | oores | ooses | 00516 | 00dds
Gomposite Voltage drop at full [V o ee | Sams | D244 | 01067 | 00edd | mo7es | ooete | oos3z | oo
Load concentraisd ai the end of %‘5
bustrunking run {4} wognr | o178 [ 01501 [ 01262 | o:r0m2 0.0955 | poves | noeze | 00837 | 00484
TR A

04664 | 1332 | 01122 | 0.0062 | 0.0851 | QLOTOZ | DOSGZ | DUMER | 0.0407

AL10PF




elsctrlic

Voltage Drop Colculafion Formulae DGR
= : 1 considerad (M};
Whare " K!\'3I{R.m5ﬁ+}{slﬂﬁ]ﬂiaxl_ Cos@ is the load powsr factor being
; considerad;
av is the composite voliage drop of he system (W) . S e load Alatibuin foke.

A&  are the mean resistance and reactance values af

the system (Cm); k=1, i full boad s concentred at the

and of the busbar trunking rur;

] is the actial load current af the circult bein :
e tarid (A o k={n+1¥2n, If the load Is unifarmly
' spread beteasn n branches.
Rated Current (in} Jonma | 2500 |[2500]] 3200 | 3600 | 4000 [ 4500 | 5000 | 6000 | 6800
EBG | T S8C | S8C |
e Goge — | J00n1 | 100n2 | 125n2 | 150ma | 175N2 | 20082 | 250Na | 175N3 | 200
Busbar size per phass (No. of o |xanon ez [aesiz) fetso) fex 75i2) 2 |exzani2) Jon 17503 B 200(3)
|busbars)
Overall Height H m 245 280 340 330 asd 480 B50 B8O 736
Rated Three Phase RME Short { ?
Time Current for 4 Second {lew] KA 0 120 150 150 150 150 5 175 174
Rated Thraa phase Peak short ok 20 264 330 130 2% 130 0 25 88
time current [lok)
Rated Single Phase RS Short " 3 1
Time Current for 1 Second (lcw) i s 1 = % o » s = e
Rated Singhe phase Peak short * 1
ms currant (iBk) KA 132 i58.4 198 198 188 =1.3 98 3 5|
Approximate Weight of Bustrunking
3 Phasa + 50% Internal Earth h;ll'l'ﬁ 58 (] 78 E7 g1 112 27 145 484
T Phase + 100% Neutral + 5% g, 70 T8 B0 1ws | 121 38 | 18 | W | 2w
Intarnal Earth
3 Phase * 200% Neutral +50% =
Intarnal Barth Wi, a3 34 II:E. 124 2 161 183 08 136
3 Fhase + 100% Nautral » 100% .
wolutad Sarth + 50% internsd Barth | "™ o | oA aee] g | ool e | R AR SR
Electrical Characteristics for 50 Hz
&C Rosfstance at 20°C (Ra) "";:"‘ o0i57 | .04 | o.0use | wotod | oooed | 00078 | 0.0085 [ o0 | ooos2
AT Fasletance s tharm e & | goz0s | oo | o.otet | o013 | o011 | ootz | o.008e | 0.0077 | 00068
(condtions (Rl 0
Rpactance (X} o= | apcss | 0.00e8 | 0.0070 2.0084 | 0.0085 | oooas | oosz | 0p0sa | 00033
Ty T
AP b N | ooong | 00783 | 0.0178 | Gide | ooze | 00113 | 0.0008 | DOGE | 0 0o7E
conditigns (F) e,
“::15#': o036t | ooate | o.ozez | 00242 | ooeon | 00383 | DO180 | D014 | DM
Composile Voltage drop =t full | ™ A agmm0 ooze | ooeez | ooets | o | ootes | 0.0%7 | ooze
Load concantrated at the end of -ﬁ#ﬁf,&
bustrunking run [,5'0"] a0l f;.F. 00083 | D.0338 | On0oa0s o.o2sT | 00222 | 0.0495 | 00470 oae | G
Ty L - a
g | 00362 | 0.036 | 0.0279 o023z | ooeot | conre | aoisa | porsa | ootar

Electrical Characteristics for 80 Hz
AC Rasistance at 20°C (R0} ¥GATE | o nies | 0.0138 | 00126 | 00106 | D.OD2 | G.ODBD | 0.0070 | 0.006Z | Buuba

AT Fasianed a1 thermal & | pozms | opi7e | O06s | oonar | 00tis | ootos | aooer | 0.0080 | 0.0070
conditions (R flu
Reactance (X) Wann® | g 5194 | 0.0020 | oosss | 0.0077 | 0.00SS | 0.0088 | D005 0.0048 | 00040
Tmpedance at thermal ﬁ&r}u
[ Xay | Qms L Li} | i
= o | naess | aaa0s | notes | oors? o018 | 00113 | opoe | oooez | oooet
N';";'F opasa | ooao | o.oanz | mozen | wozes | o | 0073 | 0.0153 | 00138

Campostie Voltage drop stfull | TPTEA| o a0 | onass | w03t | 00269 | 0.0233 | 00208 | 0017 | 00158 | 0038
Load concentrated st the snd of [SLOEEE

pg4oT | 00354 | 00378 | 0027 0.0234 | 00206 | 00180 | GOVSE 00940

bustrunking run [4¥)

10 BE 00958 | o030 | 00283 | ozsT | 00205 | DOIED 0.0157 n.msalc-mz:
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selectric

. SEﬁ (Alyminum Sondwich Insulu ed Bus Trunkmg)

PE—— |, ST |
Fr— 1 rr
=
Lk w— | |
3 Phase+Sk .| Pnauﬂmmwm 3 rnwmmw 1 Prage+ 00% Mautrak- 9005
Intarnai Earth +50% |ntemal Earth +50% Intermal Esdin Isclated Earih+ 5% Intemal Eardh

Ratad Current (in) T Amps | #00 | so00 | 630 | 700 | oo |[10007]| 1250 | 1350 | 1600

= ——[SBA | S8A | SBA | SBA [ SBA | seA | SBA | SEA | SEA
40N1 | 50NA | soN1 | oW1 | SONt | 100N1 | 125N1 | 150N1 | 1751

a:::;:l"' par phate (Ho. of mm | exaoity | exso) | g | anropn | exeory |axtooijexizsi) fex1soi 1 ext7sia
Overall Height [H) mm 85 95 108 115 125 145 170 185 20
Rated Three Phase RME Short

25 0 40 40 83 100

Tiims Curast for 1 Second low) | x i o | g8
Fntad Thens phane Paak shon A s | @ Be B4 s | 143 | we | w7 | 3=
time current {Ipk)

Rated Singhs Phaze FMS Short

18 ) 4 30 ] a8 60

Time Current for 1 Second (lew) = : = o
Mot 1 Al '“"" s ahery KA £ B s04 | %04 | 63 | sue | wom | mz2 | w2
Lime Surrant
Approximate 'ﬂbiqht of Bustrunking
3 Phass + B0% Interns Earth i, 15 16 17 18 18 2 = i 30
3 Phase + 100% Neufral + 50% 4

) 8 1 a o 4

G ieglrir 1 1 1 19 21 24 w |
3 Phasa + 200% Neutral +50% 1 38

hciiasii ity Rgyimr. T 8 20 ol 23 28
3 Phase + 100% Nautral + 100% 17 " ag 23 33 25 i T

lisolated Earth + 50% intarnal Earth| "¥™" :

Electrical Characteristics for 50 Hz
AC Resistancs at 20°C (Rag) ,w“ 04404 | coesa | 00806 | 00831 | 00611 | D.0S03 | (0402 | 0UO333 l 0.0290
8 :
AT TewTwtarce at harma oS |~ Jens | 01243 | 01046 | 0.0896 | 00792 | noes? | ooszz | posas | 00e
. m&m_im___mﬁ..
Rsactance (X M | o417 | 00953 | oozre | oozas | oozos | 00470 | 00138 | 00427 | 0.0108

E'P:m - tharmal 1508 | 01288 | 0082 | 0.0827 | 00818 | 0.0674 | 00s3e | 00482 | 0382

| nm' 3 PI: pzige | 1040 | stz | 01381 | 04216 | @001 | 00801 | 0.0684 | 0.0681
Composits Voltage drop atfull | T RN ocas | 02068 | 01738 | 4o | Gam4 |[D7081]| 00884 | 00734 | D083
Load concantrated at the end of  HEk2E f";. =
bustrunking run |AV) A OBEE 02736 | ozies | 04840 | 04577 [ 09382 | 01945 | 0.0816 | DOTTE | 0.0648

NT;“': pzee0 | 02152 | 04811 | oassa | ooarz | o1130 | coeos | o076 | 00652
Electrical Characteristics for 80 Hz
AC Rasistance at 20°C (Ran ) m”‘ 200 | ooeet | o.0ace | o.ossd | o.os14 | oos0a | o.oeos | oo33e | Do
A 5‘""‘"‘1"“"'”“" "'J';""' 91857 | nizas | 1eeo | o.osoo | cores | ooese | 00826 | ooess | oosso

lconditions (R .

Feactance (X] il‘a} ™ | 0800 | 00400 | o0ass | 0.0z88 | c.o2s0 | 00204 | 00783 | D152 | 0.0130
T pedance ot thermal ﬁm”' 0.1635 | 01309 | 01101 | 0044 | o.omsa | ooear | o.oss1 | nodsa | Doso2

LT T A — .

! ;fq ?iip": 02508 | 02008 | 0.1685 | 0.1448 | 01z7a | 01048 | 00839 | o070 | ez
Composie Votags dropatfull | "V Al ooas | 2043 | D801 | pas4a | 01383 | o121 | 00808 | 00766 | 0.0862
Lond concentrated ot the and of |SLLERE
bustrunking run {aV) oopg | 02005 | 02245 | 01asa | 1619 | 03430 | 0 1177 | 0.0943 | D.0788 | 0.068Y

e 02837 | 02158 | 0481k | 01888 | 0378 | 04137 | aoswt | noveo | o.08se
2 10PF




ads!

electric

= Voltage Drop Calculation Formuloe

L Is the fength of the sysiem being
| AV =kxV3x (Ricos @+ Xsin@)xlsxL | i m"l;:d;hmmrming
Whene : ;
nv is tha composita voltage drop of the system (V] {.:msldm'
Rt& X are the mean resistance and reactance values of
the system (Cm}; k=1, Irfull Ioad is concenired a'E the
[[:1 is the actual load curment of the circuit being
cansidersd (A
Rated Current {In) Amps | 1800 |[2000]] ze250 | 2500 | 3200 | 3600 | 4000 | 4500 | s000
i BEA | SBA | SBA | SBA | SBA | SBA | SBA
Firoahis Oec T 100Nz | 125N | 150N2 | 175N2 | 200Nz | 150N | 175N3 | 200M3
:::2:::]“ per prase (Mo, of B 20007} 510002 e 12021 Joe 1 8002y B 7502 [zt 2 JBet 50(3) @753 a3
Ovarall Height [H) 245 260 30 80 440 25 EaE BED 735
Rated Thrae Phase RMS Shon wa | 1o 120 o | 1ze | 1= 1ws | 18 | 17s

Time Current for 1 Sacond [low
Fated Thres phese Peak short
tima currant {Ipk)

Rated Single Phase RM 3 Shart
Time Current for 1 Second {low |
Rated Single phase Peak short h, 132 132 1584 1684 | 1534 158.4 o &= 31
time currant {ipk)
Approximate Welght of Bustrunking

220 220 284 284 254 204 55 385 kL

|x|x]|3]3

50 &0 T T2 72 T2 L] 105 105

&7 B3 | ™ B 90

1 Phase = S50% Intarnal Earth gimir_ k) A a4 a0 |
3 Phase = 100% Neutral + 50%
rie. ar 42 45 86 & T a1 i
Intarnal Earth = |
3 Phase « 200% Nautral + 50%
T 78 ] 101 114
s B agiTer 42 g 55 =]
3 Phase + 100% Neutral + 100% y AR 71 ] 114
isolatad Earth + 50% intarnal Earth| ° i 4 i b » = '
Electrical Characteristics for 50 Hz
AC Resistance at 20°C (Rao ) rmh ® | pozss | ouwozst | oo201 | 00188 | Dovas | D27 | o112 | 00087 | 0.00BS
H . IIl.
AT E‘EE"‘T afthermal m'r:r 00120 | ooses | oozet | o217 | ooves | ooves | cosas | omzs | ootio
\conditions (B mr.
Reactance (X WBRTE |0 nree | 0.00BS | O.0070 | 0.0084 | 0.0055 | D.obse | nooss | nooss | 0.0033
mpedance at tharmal Hﬁkn'n
o ; 627 J | 152 1 0y I
pi a 0343 | 00338 | o270 | co2eT | 00186 | 0.0172 | Qo2 | 00131 | 0.0MIE

H"“"D‘:':; 00817 | oosoe | oonaoa | ooses | ooese | o.0ze0 | ozt | ootee | 00474

Composite Voltage drop st full | ™ ™0 g nene 00434 | 00368 | D036 | 0.0279 | 0.0247 | 00213 | noaT
Load esncantratad attha and of MO

bustrunking run (aV} minini;: 0.0585 | 0.0575 | 00480 | 00587 | 0.0335 | 00263 | o060 | 00224 | 00198
3110;: 00570 | 0.0585 | 048z | ooy | ooazs | ooses | coest | ooy | coese
Electrical Characteristics for 80 Hz
AL Resistance al 20°C (Rzo ) ik 00257 | 0.0254 | 00204 | 0.017TY | 0EB | 00130 | 0.0115 00100 |-0.0088
Fl
EC Weshiance al ther Hlom
- Mealitance st Thermal oS | 1333 | o.0s30 | 00265 | o.0azt | oorez | ootes | aoes | o1z | oeite
condltions (R} fla; 1]
Raactance (X mAmS | 0014 | 0.0105 | 0.0084 | 0.0077 | 0.0088 | noose | oooss | o.ooes | oooen
PRETR ¥ £ RrR o 0.0352 | 0.0348 | Dozre | ooz | o.esa | oorrs | coise | ooiar | ama
\conditions [Z} e 1
;’:‘:]’ﬁT: 0.0%45 | 0.0530 | 00425 | o.0s8s | 00314 | 0277 | oozes | ngas | amer

|Composhs Vohage dropatfull | TR g aean | g osss | piosss | nosas | 0.0ea4 | cozse | cozsz | ooez | ooies
|Losd cancentrated at th and of [ROEEE

bustrunking run {4V] e p':

_-"'[:‘;-’;" 0.0577 | 00572 | ooase | coses | oo3aa | ooz | ooess | Dozed | mowEm

0.0806 | 0.05%4 | O0476 | 0.0403 | DO0G4% | 00307 | D072 | (L0236 | 0.0207




13. EXAMPLE (lll)

—

—

—

—]

—]

—]

—]

4x1C 50mm?® XLPE/PVC

— ] (25m)

T/F1 FDB DB
- —

125A z ’|

TPN(MCCB) 4x1C 25mm’ XLPE/PVC

TAP OFF (20m)

UNIT

1350A TPN (Cu) BUS-BAR TKG (L=20m)

) ( 1250A TPN
ACB
(ED)
g
MSB 2500A TPN

A V4

C ACB

2500A TPN (Cu) BUS-BAR TKG (L=15m)

Z=6%

8 1600KVA: 33/0.4KV: 3@ 50Hz:DYa11
X/R =5

? 33KV Fault Level 1000MVA



2.(a) fault level 1000MVA at 33kV

_ 1000x 10°VA _
lec = NE 200V 1,443,418 A

= 2007 00y -350.00016Q #

7i . =
source  \Ixlsc V3 x1,443,418

2.(b) 1600KVA Transformer; 33/0.4KV; 50Hz
DY, 11; Impedance 6%
3phase fault level at secondary terminal of 2000KVA transformer

fault level T/F = 16‘())00‘?"“ = 26.666 MVA

26.666MVA
T3 x 04KV - 38,491 A

400V 400V
V3xIsctr V3 x38491A

Z.=j0.006 Q #

lecrr at T/F =

impedance at Z;¢ =



2.(c) 2500A TPN (Cu) BUS-BAR TKG (L=15m)
L5500 = 0.0367 mV/amp/meter x 15m = 0.00055 Q

Z(d) Ztotal > ZSource + ZTF + Zcu
= 0.00016+0.006+0.00055
Zyorayr) = 0-00671 Q #

2.(e) Short circuit current at MSB

| = __%00 _ 400
X VBxZia  V3X0.00671

= 34,418 amp#

2.(f) 2500A TPN ACB with 36KA breaking capacity is recommended at
MSB. #



3.(a) 1350A TPN (Cu) BUS-BAR Trunking (L=20m)
L350 = 0.0735 mV/amp/meter x 20m = 0.00147 Q

3.(b) Liotal2) = Liotat(t) * L1350
= 0.00671+0.00147

= 0.00818 O #

3.(c) Short circuit current at Tap off unit

= 28,233 amp#

| o400 _ 400
sc2 = =
V3xLioraia) V3%0.00818

3.(d) 1250A TPN MCCB with 36kA breaking capacity is recommended at
Tap off unit (1). #



4.(a) From the table voltage drop 4 x 1C 50mm? XLPE/PVC (25m),

Ls, = 0'—\/857 mV/amp/meter x 25m

4.(b) Ziotais) = Liotal2) *+ Zso
Ziorois) = 0.00818+0.012557 = 0.020737 Q

400 _ 400
V3xLigra3) V3%0.020737

4.(c) lgc = =11,136 amp #

4.(d) 125A TPN MCCB with 24KkA breaking capacity is recommended
at FDB.



5.(a) From the table voltage drop 4 x 1C 25mm? XLPE/PVC (20m),

o = % mV/amp/meter x 20m x 107

225 = 0.018497 Q

5.(b) Liotata) = Liotal) * L2s
Liotaay = 0.020737+0.018497 = 0.039234 Q)

5.(C) lo. = 200 400
C VBxLigraie) V3 x0.039234

= 5,886 amp #

-.63A TPN MCCB with 6kA breaking capacity is recommended at DB.



6.(a) check thermal limit of cable 50mm? XLPE/PVC at tap off unit
origin.

_ k?S% _ 1432%x507
C Igc? 282332

125A MCCB magnetic tripping time = 0.02 sec
.. 0.064 sec > 0.02 sec

t = 0.064 sec

The cable 50mm? XLPE/PVC is protected against short circuit
current 28233 amp by 125A TPN MCCB.



7.(a) check thermal limit of cable 25mm? XLPE/PVC at FDBorigin.

_ k?S? _ 1432%x 252
¢ Igc? 111362

125A MCCB magnetic tripping time = 0.02 sec
- 0.103 sec > 0.02 sec

t = 0.103 sec

The cable 25mm? XLPE/PVC is protected against short circuit
current 11136 amp by 125A TPN MCCB.



13. EXAMPLE (IV)

Transformer 33kV, 400/230V, 50 Hz

MVA 400
V3x0.4 V3xIsc
Féjlll’lllr};:;:l Impendanc Fault |Short Circuit| Transformer
S/N | Capacity (kVA) KV A eat 75" C Level Current Impedence
V3x0.4 Iz % MVA kA ohm
1 160 230 4 4 5.77 0.04
2 200 288 4 5 7.21 0.032
3 250 360 4 6.25 9.02 0.025
4 315 454 4 7.875 11.36 0.02
5 400 577 4 10.0 14.43 0.016
6 500 721 4 12.5 18.04 0.0128
7 630 909 4 15.75 22,73 0.0101
8 750 1082 5 15.0 21.65 0.0106
9 800 1154 5 16.0 23.00 0.01
10 1000 1443 6 16.66 24.04 0.009
11 1250 1804 6 20.833 30.07 0.0076
12 1500 2165 6 25.0 36.085 0.0064
13 2000 2886 6 33.33 48.1 0.0048
14 2500 3608 7 35.714 51.55 0.00448
15 3000 4330 7 42.857 61.86 0.00373




THANK YOU




