Republic of the Philippines u2
DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS
OFFICE OF THE SECRETARY
Maniia
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DEC 15208

NBC MEMORANDUM
02 ) SUBJECT: ELECTRICAL DESIGN ANALYSIS
CIRCULAR No.! ) PHILIPPINE ELECTRICAL CODE
Series of 2015 9 COMPLIANCE
x £
T0 : A Building Officials
Clty / Municipal Engineers and Others concerned

In order to attain 2n electrically safe environment and pursuant to Section 1301 of the National
Building Code (PD 1096) and Artide 1.3.2 of the Philippine Flectrical Code, all Bullding Offidals
are hereby enjoined to be stricter in approving Bulding Permits by requiring the submission of
electical pians that include design analysis showing all the calculations of short dircuits,
Voltage drop and dther essental data as requisie for the issuance of Electrical Permit. Likewse,
existing buidings, factories and Infrastructures with substantal electrcal load shail be subjected
%o Inspections 2nd thet an updated design analysis and calculations Is required Lo ensure tht
fire and life safety requirements are being complied.

T3
kvA A 2.5 MvA
.2/0.23 kv O 5,75 %2
13.2/0.4 kV
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For strict and immediate compliance of ail concemed.
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Secretary
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25,1 e/ VD/GRY

FAULT ANALYSIS PER DPWH
REQUIREMENT
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Utility Supply Voltage

Low Voltage (Secondary Nominal Voltage)

e 230 Volts, Single Phase, Three(3)-Wire

o 230 Volts, Three(3) Phase, Four(4)-Wire

o 460/265 Volts, Three(3) Phase, Four(4)-Wire (Grounded Wye)

« 400Y/230-volt, three-phase, four-wire service voltage (New)

Medium Voltage (Primary Nominal Voltage)

o 13.2/7.62 kV, Three(3) Phase, Four(4)-Wire (Grounded Wye)
e 34.5/19.92 kV, Three(3) Phase, Four(4)-Wire (Grounded Wye)

http:/ /corporate-downloadables-electric-service-standards-hmb.s3.amazonaws.com /c85435¢c1e2bf7fc09237b75482ac1 605.pdf



DISTRIBUTION MODEL

Ul U2

u3
100 MVAsc 1000 MVAsc 5000 MVAsc
Busl
13.2 kv
3Ph-4W tj 3Ph-4W
. |
| |
' |
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H I
! i
L o o T .
25 kva 25 kvaA 2.5 MVA
NT"“ 7.621/0.23 kv NTW 3 %% 5.75 %%
3 %2 ! 13.2/0.23 kv 13.2/0.4 kv
i X/R 2.47 ; X/R 2.47 use X/R 10.67
Bus2 ; Bus5 [ us
0.23 kv —— 0.23 kv —— 0.4 xv |
| |
i
Cablel cable2
20 rt 20 ft @
2-1/C 8 -
0.78+70.065 ohms/1000ft 2-l/c 8 1 MvA
. j0. ohms 783440,
: | 0.78+j0.065 ohms/1000ft 20% xsc,
Bus3 | Bus4 | X/R 2.38

0.23 kv =——— 0.23 kv =———



PER UNIT METHOD CALCULATION

- b
Zpu _ PB(ZQ) PB power base
L2 V, - line voltage
Zpu - per unit impedance
PB ZpUy - new per unit impedance
|, = - .
36 Uy - old per unit impedance
V3 XV, x Zpu Plo P P
PBy - new power base
PB, - old power base
PB, V..
ZpUN _ Zpuox N Ll\; lcsp - 3-phase bolted short circuit current
o Lo Vin - new voltage base
Vio  -old voltage base
| =1 ( 1 ) I - Fault or short circuit current
F—'s

Zpu

g - current base



Busl
13.2 kv

Impedance diagram
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100 MVAsC

uz2

1000 MVAsc

T

U3

5000 MVAsC

T
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Bus2
0.23 kv

Bus3
0.23 kv

i
L m
25 kKVA
fVWfV“ 7.621/0.23 kV
3 %2
| X/R 2.47
| Busb

—— 0.23 kv
|

Cablel
20 ft
2-1/c 8

0.78+j0.065 ohms/1000ft
I
| Bus4

I 0.23 kv

i

T2
25 KVA

3 %z
13.2/0.23 kV
X/R 2.47

Cable2
20 ft

2-1/Cc 8
0.78+j0.065 ohms/1000ft

T3

2.5 MvA
5.75 %Z
13.2/0.4 kv

X/R 10.67
Busé

0.4 kv

v/

1 MvA
20% Xsc,
X/R 2.38

Bus i

BUs2

Busa

Rra
*T2

susy
Rea

Xen

RT3

Bus
R

%L



Calculation of Per Unit Impedances

Af common (power base — /00M\A
Calewlate for all per it guantities
Czu—u; /-0
Ry = 0.03 c, 2§>cas (#ar’2.47) = 45.0%
Do \/0 05(100 )Srfi (y‘Qn 2.#?) -—d/”-?\s

Ry = Ry

*r2 =Xy

Rrz = 0.08FS -Zf)—z«) cos (fan"/o.w)= 0.2/
¥r3 =d'0-os;f(fzor; ) sin [7!44,“’/0_(,;:) U'2.2‘?

o0 x10° (0678 ¥ 7555 ) (20) 2949
2307 o

Re) =

. @
Ve, = L2202 ("3%5"/Oor>>() =296
230%

ﬁ¢=d2@$9cm(ﬁm”zw9=7%"
X =02 (—’?)sin (7an” 2.38)=j/2-94

¢

3 Xy

Ry

11
BUs2

Re)

Xe
BUS2

?arﬁxz

T2

Bus Y
Rez

Xen

Bus !
Rr3
13
Bus
R
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Thevenin Equivalent Imp. & SCC

¢

3 Xy
Zry = 2u/l (Zst ) Bus |
(Bus ) | |
=(ro) (o-z; £j2.29 + 335 1§18.94)

2, R = Rz Rr3
= J.0/ + ,O-?Q X 0.90/59.(g°
(Bus 1 J 4
/ , %11 T2 13
-Z-F = 120 =4 LA RUs2 Busy BUSG—
ey V3 (82)(050) s sy ee, fea RL

E Xe Xen La®
BUS3 B



Manual Calc. versus Software Result
|

U1 u2 U3
100 MVAsc 1000 MVAsc 5000 MVAsc

T T

ET!{ = 2y // (27'3 7 'ZFL) 1;1;5; kv $4.37 ‘

15 4y
(Bus) i TPn-aw tj IPhAW ¥ 105
=)/ (0-21+)2.29 +33 £ /8.94) u -
i i
’ | :
ﬁ = Jd.0/ f'\jo-?e ﬁ’_\//o-qc’ 8?-19’{} | !
(oust) o o @ r
25 kva 25 kva 2.5 MVA
7.621/0.23 kv 13.2/0.23 kv 5.75 %z
IFQ;{ - /oo =4 LA mrm 3 %z m‘(w 3 sz 13.2/0.4 17,
. | /R 2.47 | X/R 2.47 X/R10.
V/é /8.2)( 0 rms. sym. 2 : < 4 | Busé
(BUSI) ( )( ?(a') o.zlsauzv —_— 0.2]33u1§v + 0-4 kv |y43.78 o
! ! T [fees kA
Cablel Cable?
20 ft
[ 0.78+70.065 ohms/1000ft 0.78+10.065 ohma/1000£t o
Bus3 : Buss } ¥/R 2.38

0.23 kW —/— 0.23 kv



Thevenin Equivalent Imp. & SCC

]
¢
J x4
o= (2utE)) 2, | Busl
(Bus 6) .
= ro+ (vartja.29) [I (735 £j/59%) Ry Lopr Rra
2 = 0.3/ 4} = 2.85 /83.67°
H = 0.3/7/2.83 2.85 /33 e, Y12 13
(Bus &)
. BUS2 Bus Y BUSG™
Yras = apczsey | e s Re fea R

(BUSG)
Xei Xe2 L™
BUS3 B



Manual Calc. versus Software Result

(Bus )

ul uz U3
100 MVAsc 1000 MVAsc 5000 MVAsc
Busl
= 13.2 kv 44237 45 ra
- 3Pn-4W 3Pn-4W
TH = (Zq + 5‘7—5)// EL i tj +.183
i
i

=[j 1o+ (0-2/+J 2-29)]//(?.;{,&1'/3.4;4)

, s A A
Z-TW = o8 UZSB = RES 8\3.6? m(“ 3?612(‘1]1}0.23 kv mr“ 13.2/0.23 kv 5.75 %%

25 kva 2.5 MvA
(8us e 3 8z 3 8z 13.2/0.4 kv
) X/R 2.47 X/R 2.47 - X/R 10.67
Bus2 | Bus4 us
/00 .6 LA 0.23 kv —— 0.23 kv 0.4 kv_|413.78 50,
l}:&;z = = 3 rms Sgm .5 ra
s (04)(285) cablel
(Bus C’) Py Cable2 O
20 ft N/
gf}’gi_g 065 ohms/1000ft 2-1/c 8 1 MvA
. j0. cohms .
: [0.78+30.065 omms/10005t 20% ¥ec,
uss ‘ BusS | ¥/R 2.38

|
0.23 kW —/— 0.23 kv




Manual Calc. versus Software Result

]
Busl
13.2 kv ‘
3Ph-4W
Fauf;" Gl—i.rﬁe‘ﬂr"' at Bus 3 ::.:
per unit im/)-eqfanaes :
Zry = Zsys t Zpy + ey (2) |
. | T1
Z.sg.s' = 0.0/ -!u 0-9¢ u\L\J mo
= ' 7.621/0.23 X
2 = ds037 1123 e v
%(_’,; = 2% ’7}? 0'2-463 Bus2 :#3-54}{(/13 247
g 7] . 0.23 kv ——
& €1y = /04.02 fJ/.’?-fl-'-‘/@.c;qﬁ“ g Sk
Rey Re Cablel
| ° 20 ft
IF _ /0 )(/o ( . X0
e el (Bus3) /5% & [ 0.78+§0.065 onhms/1000£t
Bus3 E+2.",-'5 (n)
0.23 kv ——



Manual Calc. versus Software Result

I
Fawlt Current at Buss

Z5Ys
® %
_éégZ;ETZ
=3 222

per untt /n)uD/QnCtELS
Zry = 2Zsys + Tz, 12 %c2

Zry = 45.03 U H-z3
Zo, = 29-937) 296

Zy = 109.03 t)/18.0F =/S7-3¢

2

Joo X/0 /
Ir= =2.8
i 230 Cc?-?f) kA
(BusS)

3Ph-4W

A

25 kVA
”fTW“ 13.2/0.23 kV
| 3 37
; X/R 2.47
Bus4 ! +3 .57 (AB)
0.23 k¥ ——
| )
i *a (ag)
Cable2
20 ft
2-1/C 8
| 0.78+70.065 ohms/1000ft
Bus5 '42.76 (BB)
0.23 k¥ ———

2.8
k8




SCC Comparisons

Ul
100 MVAsC

Busé

13.2/0.4 kv
X/R 10.67

0.4 kv |460.38

t6.65 6.8 1,

&

1 MVA
20% ¥sc,
X/R 2.38

U2
1000 MVASC

4
[ 0
$43.74

+.183

T3

A AL 2.5 MVA
YN 5,75 37

13.2/0.4 kv

X/R 10.67
Buso

0.4 kV [}60.15
t6.65 %65 4,

v/

1 MvVA
20% ¥sc,
X/R 2.38

U3
5000 MVAsc

AT
4218.69

+.183

T3

AL 2.5 MVA
YYYY 5,75 %%

13.2/0.4 kv

X/R 10.67
Buse
0.4 kv $62.22
—_ ngﬂ
46.65
&
1 MVA
20% ¥sc,
X/R 2.38



SCC Comparisons

uz
Ul 1000 MVAsc
100 MVAsc

Busl
Busl
13.2 v 13.2 kv

3PLAW 3Eh-dw i 3Ph—4W @ 3Ph—4W

V‘J\’\’ % \AJ\N b \_A.J\_A.J o \_A.J\_A.J 2
25 kVA 25 kva 25 kVA 25 kva
’VTV\ 7.621/0.23 kv NT“’“ 13.2/0.23 kv mr” 7.621/0.23 kv mr” 13.2/0.23 kv
3 32 ! 3 32 3 %2 ! 3 %2
I X/R 2.47 i X/R 2.47 [ X/R 2.47 ; ¥/R 2.47
Bus2 143.-54 (B) Bus4 143.57 (AB) Bus2 143.61 (R) Bus4 143.62 (AB)
0.23 kv —— s 0.23 kv —— . 0.23 k¥ —— | 0.23 kv —— _
| | | -6 | ]
k2 (a) i 2 (ap, kA (q i 2 (2,
cablel Cable2 Cablel cable2
20 Tt 20 ft 20 ft 20 ft
?%éi'g 065 ohms/1000Ft 2-1/c 8 2-1/c 8 2-1/c 8
. . (8] 5 0 -
| j [ 0.78+30.065 ohms/1000£t | 0.78+j0.065 ohms/1000ft [ 0.78+10.065 ohms/1000ft
! i | !
Bus3 142.75 (B) Bus5 142.76 (BR) Bus3 278 @) Bus5 2.79 (2B)
0.23 k¢ —— 0.23 ky —— _ ¥ |
2.7 2.8 4y 0.23 kv R 0.23 kv R
@ @2 kg R



SCC Comparisons

U3
5000 MVAsc

Busl
13.2 kv
3Ph—-4W 3Ph—-4W
! i
&/Juu 1 K/J\A/ 12
25 kVA 25 kvVA
A’T‘” 7.621/0.23 kV /"T"“ 13.2/0.23 kV
3 %2 | 3 %2
I X/R 2.47 i X/R 2.47
Bus2 14362 (B) Bus4 143.62 (AB)
0.23 kv @———— 3 0.23 kv —;— 3
I -6 I -6
X ka (a) : ka (a5,
Cablel cable?
2-1/c 8 2-1/C 8
! 0.78"’]0.065 ohms/1000ft ! 0.78"’]0.065 ohms/1000ft
I !
Bus3 14279 (B) Bus5 142.79 (AB)
0.23 kv ——— 0.23 kv

2.8 2.8
ka (a) ka (as)



