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Major Load Growth Centers

Sta. Maria Industrial Park - Bulacan

UP Science and Technology Park - Quezon City

Vertis North - Quezon City

Araneta Center Redevelopment — Quezon City
Eastwood City, Circulo Verde, Nuvo City — Quezon City

Frontera Verde (Tiendesitas) - Pasig City

Ortigas Business District — Pasig City

Greenfield District - Mandaluyong City

Bonifacio Global City - Taguig City

Ayala Redevelopment - Makati City

Manila Port - Manila

CBP IA (SM Mall of Asia) - Pasay City

CBP IB&C (PAGCOR and Aseana)- Parafiaque City
Cavite Economic Zone — Cavite

Saddle and Club Leisure Park — Cavite

Gateway Business Park — Cavite

First Cavite Industrial Estate — Cavite

Cavite Light Industrial Park — Cavite

Laguna International Industrial Park — Laguna
DLSU Canlubang — Laguna

Laguna Technopark— Laguna

South Forbes City— Cavite

Westgrove— Cavite

Carmelray Industrial Park | — Laguna

Calamba Premiere International Park — Laguna
Light Industry and Science Park Il (LISP Il) — Laguna
Carmelray Industrial Park Il (CIP Il) — Laguna
SM Wind Residences— Cavite

First Philippine Industrial Park - Batangas

Light Industry and Science Park Il (LISP IIl) - Batangas
Hacienda Escudero - Quezon
Batangas Port - Batangas

Note: Black Fonts — High Growth Areas,

Pampag

Philippine Arena - Bulacan
ETON Centris — Quezon City
SM North (Grass Residences an

McKinley Hills - Taguig City

San Lazaro Tourism and Business P
CCP Complex Redevelopment — Pa
New Port City — Pasay City
Food Terminal Inc. SEZ — Taguig Cit
Asiaworld — Paraiiaque City
Tribeca — Muntinlupa City
ilinvest Corporate City — Muntinlupa City
uth Ecocentrum - Laguna

nology Complex — Cavite
re Park — Cavite
a

motive Park — Laguna

Laguna

—Laguna

ena (MESALAND) - Laguna

d Science Park I (LISP I) — Laguna

s — Laguna

Batangas

Blue Fonts — Dormant Growth Areas
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Primary Metering Pole



Primary Service, Overhead Installation,
Customer-Owned Transformer
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Primary Metering Pole
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Registered Master Electrician’s
Responsibilities based on RA 7920 :



AW epublic of the PHilippines=s
Congress of the IPHilippines
fHletro Fflanila

TWhird R egular Session

Begun and held in Metro Manila, on Monday the twenty-fifitih day of
July, mineteen hundred and ninety-four.

[REPUBLIC ACT No. 7920]

AN ACT PROVIDING FOR, A MORE ERESPONSIVE AND
COMPREHENSIVE REGULATION FOR THE PRACTICE,
LICENSING, AND REGISTRATION OF ELECTRICAL ENGINEERS

AND ELECTRICIANS

Be it enacted by the Senare and House of Representatives of the
Philippines in Congress assembled:

ARTICLE 1V
Sundry Provisions Relative to the Practice
of Electrical Engineering



F PLLES O NFE i NEE

FONTURATO T
LETNES

A registered electrical engineer's field of practice includes charge or supervision
of operation and maintenance of electrical equipment in power plants,
industrial plants, watercraft, electric locomotive, and others; manufacture and
repair of electrical supply and utilization equipment including switchboards,
power transformers, generators, motors, apparatus, and others; teaching of
electrical subjects; and sale and distribution of electrical equipment and

systems requiring engineering circulations or application of engineering data;
and

A registered master electrician’s field of practice includes the installation,
wiring, operation, maintenance and repair of electrical machinery, equipment
and devices, in residential, commercial, institutional, commercial and industrial
buildings, in nlants, substations, watercrafts, electric locomotives, and

the like: Provided, that if the installation or the machinery is rated in excess of
five hundred kilovolt-amperes (500 kVA), or in excess of six hundred volts
(600V) the work shall be under the supervision of a professional electrical
engineer or a registered electrical engineer.







Most Common Errors in
Service Entrance and

Load Side Installations

Prior to Final DU Inspection



Not Enough Clearance
from other Conductors,
Buildings, Structures and
Trees



Typical Distribution Standards

Open Primary upto -
Upper Level Secondary 13.8 kV Y or
Conductors upto 750V Delta 34.5Y/20 kV 115 kV
Lower Level
Conductors/ Nature of mm (ft-in) mm (ft-in) mm (ft-in) mm (ft-in)
Surface

Vertical Clearance of Wires, conductors or cables above ground, etc,
when it crosses over or overhang the surface

7500 (24 7™) 8100 (26" 7) 8100 (26" 7) 8580 (28" 2%)
Railroad Tracks

Roads, streets and
other areas subject to 5000 (16" 5™) 5600 (18" 4™) 5600 (18" 4™) 6080 (19" 11™)
truck traffic

Driveways,parking lots 5000 (16" 5™) 5600 (18" 4™) 5600 (18" 4™) 6080 (19" 11™)
and alleys

Spaces and ways
subject to pedestrians
or restricted traffic only

3800 (12" 6™) 4400 (14° 5") 4400 (14' 5™) 4880 (16°)

Vertical Clearance at Supports Between Line Conductors

13.8 kV Y or Delta 470 (1° 77) 600 (2) 660 (2" 2") 1160 (3' 10™)
34.5Y/20 kV 530 (17 9%) 660 (2* 2™) 725 (2" 4™) 1220 (4%)
1030 (3' 5") | 1160 (3" 10™) 1220 (4%) 1720 (5" 7™)

v |115 kv




Distance from DU
Primary Metering
Pole Is less than 5
meters




Too Near to DU Pole and Lines




SF6 Gas Circuit Breaker Pole-Type
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Too Near to DU Primary Lines



Vertical Clearance Between Supply Cond! ptor&”,
Supported on the Same Structure

For 34.5/20 kV lines = 725 mm or 2’ 4”

Clearances Between Wires , Conductors or
Cables Carried on Different Supporting
Structures

For 34.5/ 20 KV lines only
Horizontal = 1500 mm
Vertical = 600 mm



Distance from DU
Primary Metering
Pole Is less than 5
meters




Working Clearance and distance from buildin




Not Enough Working Clearance |

Installing or Removing Holders

SM Power Fuse Holders can be installed in or removed from the mounting using a Universal Pole equipped with an S&C Station Prong.

Lifting holder out of (or into) a Non- Closing (or opening) the clamping arm
Disconnect Style SM Mounting. on the fuse clip




Not Enough Clearance
from Trees




Enough Clearanc
Trees & Buildings
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Crisscrossing of DU
and Customer’s Wires
=calso clearances

Sangley Point
- Navy & Air Force




Not Enough Clearances
from Buildings

-




Not Enough Clearances
from Buildings



Typical Distribution Standards

Open Primary upto -
Upper Level Secondary 13.8 kV Y or
Conductors upto 750V Delta 34.5Y/20 kV 115 kV
Lower Level
Conductors/ Nature of mm (ft-in) mm (ft-in) mm (ft-in) mm (ft-in)
Surface

Vertical Clearance of Wires, conductors or cables above ground, etc,
when it crosses over or overhang the surface

7500 (24 7™) 8100 (26" 7) 8100 (26" 7) 8580 (28" 2%)
Railroad Tracks

Roads, streets and
other areas subject to 5000 (16" 5™) 5600 (18" 4™) 5600 (18" 4™) 6080 (19" 11™)
truck traffic

Driveways,parking lots 5000 (16" 5™) 5600 (18" 4™) 5600 (18" 4™) 6080 (19" 11™)
and alleys

Spaces and ways
subject to pedestrians
or restricted traffic only

3800 (12" 6™) 4400 (14° 5") 4400 (14' 5™) 4880 (16°)

Vertical Clearance at Supports Between Line Conductors

13.8 kV Y or Delta 470 (1° 77) 600 (2) 660 (2" 2") 1160 (3' 10™)
34.5Y/20 kV 530 (17 9%) 660 (2* 2™) 725 (2" 4™) 1220 (4%)
1030 (3' 5") | 1160 (3" 10™) 1220 (4%) 1720 (5" 7™)

v |115 kv







e The customer shall install a service

equipment after the metering Service EqUipment
installation:
v The applicant’s service 8 Ltj
equipment shall be a circuit- ]
breaking device with a short 117 ensm

circuit protection and I [
loadbreaking capability (e.g. a

il
oL,

combination of loadbreak

switch and power fuse, power

circuit breaker, etc.).

[

v For pole-metering installation,
the service equipment shall be
located not less than five (5)

meters from the pole-metering.

omas ) = Min =5 meters
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CPIP and Carmelray 2
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HV SWITCHGEAR B !
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PEC Part 2 =Table 3.4.6.3 (a) on115 k

Table 4.2.4.1: Vertical Clearance at Supports Bebtween Line Conductors

Shiedded
primary and Dp=n Su Conductors
tary pe pply
cables spun on
grounded
Upper Lewel WyesSamnger;
Conductors — grounded Primary up
neutrals; Secondary | o 138 kv e | 69KV 115k 230KV
communication | YP to 750V Yora D kW
cables on
grounded
L=l =
EL;:ndlE::-uls 1 mm (f-in) mm (ft-in}) mm (fe-in} mm (ft-in) | mm (fe-in) | o (f-in) | mm (fe-ing
Communication i) Liah 1000 1000 1000 1020 1720
Comdesctor [3"=4") [3"=4") [3"=4a") [3-4") (3-4") [3°5") (57"
Supply Conductors:
Oype=n oomdiusctor O
to 700 shielded
primary cables and
gb,"ﬁ"”:gﬁmm ¥ 410 410 470 530 730 1030 1725
a Serd (1797 [L4™) {17°7) (1%} [2°57) (3°5") [5°8")
MESsangers;
effectvely
groamnded neutrals
410 =1 ] Ga0 850 1160 1860
13.8 KV Y or A
] 27 [(227) {2107y {3007y (6"17)
725 920 1220 1920
SRR (2°47) (3] (¥) (6°47)
SO 1120 1420 2120
ELD) (487 {6117
1720 2415
11 ShF (57 (711"}
230 L L
|\ J {20737




Example of 115 KV Substations




Example of 115 KV Substation
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ABI, Cabuya



CPIP, Batino




ALL ABOUT ABOVE 600V
-PEC Vol. 1 Part 1 Article 1.10.3.1 to1.10.3.6

CHAPTER 1. ARTICLE 1.10 Requirements for Electrical Installations
1.10.3 Over 600 volts, Nominal - page 47

Table 1.10.3.2 Minimum Distance from Fence to
Line Parts — page 48

Table 1.10.3.5(a) Minimum Depth of Clear Working
Space at Electrical Equipment - page 52

Table 1.10.3.5(e) Elevation of Unguarded Live Parts
Above Working Space — page 53



ALL ABOUT ABOVE 600V
-PEC Vol. 1 Part 1 Articles 2.25.1.14 to 2.25.1.26

CHAPTER 2. ARTICLE 2.25 Outside Branch Circuits and Feeders
2.25.3 Over 600 volts - page 132
Table 2.25.3.11 Clearances over Roadways, Walkways,
Rail, Water, and Open Land — page 135
Table 2.25.3.12 Clearances over Buildings and Other
Structures — page 135



ALL ABOUT ABOVE 600V
- PEC Vol. 1 Part 1 Articles 3.0.2.1 to 3.0.2.12

CHAPTER 3. ARTICLE 3.0 Wiring Methods

3.0.2 Requirements for over 600 volts, Nominal — page 328
Table 3.0.2.20 Minimum Cover Requirements — page 330

PEC Vol. 1 Part 1 Article 4.90.2.4

CHAPTER 4. ARTICLE 4.9 Equipment Over 600 volts

4.90.2.4 Minimum Space Separation — page 790
Table 4.90.2.4 Minimum Clearance of Live Parts — page 791



- Distance from distribution lines —
Article 3.4.5.3 from PEC 2008

part 2 pp.140-147 .

- Height wrt to distribution poles —
Table 3.4.10.5 (b) (1)a p.194 from
PEC 2008 part 2.



A VO R N A =

- Distance between conductors or
personnel — Article 3.4

 Table 3.4.6.2 (a) (1) Horizontal
Clearance between wires,
conductors or cables at
supports,



A P E TR R N A =

- Table 346.2 (a) (2) 'a
Horizontal clearance between
line conductor smaller than
30mm2 at support based on
sags.

from PEC 2008 part 2 pp.162-164



- Clearance from trees — Article
3.4.5.3 from PEC 2008 part 2

pp.1471 PEC 2009 part1 vol.1






Location of Lightning Arreste



Should be located at the Highest Point

L
T g

Due to Lightning Strikes



Typical Surge Arresters

Distribution Type Station Type

.......................................................................................................................................



Mall STA ROSA

Below the
Load Break Switch
Should be above or
The same level




Calamba Industrial

Below the
Load Break Switch
Should be above or
The same level




Right Sample
Lightning Arrester Above all
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Right Sample -
Lightning Arrester
Same Height of




Typical Surge Arresters Specifications :

Surge Arrester

System Voltage Ratings (kV) Discharge
Nominal Level
Voltage
kV Ur MCOV
34.5 27 22 Class Il
13.8 12 10 Class Il
13.2 12 10 Class Il

*Ur- Rated Voltage

MCOV-Maximum Continuous Operating Voltage




- Lightning arrester location —
Article 2090.3.11 p275-281 from
PEC 2009 part 1 vol.






Using Air Break Switches
Instead of
Load Break Swithces



Air Break Switches are special switches designed isolate a
circuit. The are usually employed in out door
installations. Special Arcing Horns are provided to quench
the arc which occurs when the current is

interrupted. These switches are usually operated by a
handle which is located at the ground level. Their
operation can also be mechanised.

Air Break Switches should not be used to interrupt load
currents. They are isolating devices. They can, however,
be used to interrupt small currents such as the exciting
current of a transformer or the capacitive charging current
of a long transmission line. A variation of the Air Break
Switches is the Load Switch which can interrupt current on
load as it has special arc quenching device.

Figure 1. Schematic diagram of an air-break switch for
currents up to 35 kV: (1) compressed-air reservoir, (2) air-

blast valve, (3) electromagnet, (4) air line, (5) arc blowout H 1

chamber, (8) pistons, (7) and (8) contacts, (9) gas-escape AI r Brea k SWItCheS
channels, (10) cylinder, (11) piston, (12) and (13) isolating

switch contacts, (14) air line (15) valve, (16) electromagnet.



Air Break Swit\lch
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Load Break
Switches

A load break switch is a disconnect switch tha
designed to provide making or breaking of speci

This is accomplished by addition of equipment tha
the operating speed of the disconnect switch blade
addition of some type of equipment to alter the arcin
phenomena and allow the safe interruption of the arc
resulting when switching load currents.

g
1]

|

Disconnect switches can be supplied with equipment to
provide a limited load switching capability. Arcing horns,
whips, and spring actuators are typical at lower voltages.

These switches are used to de-energize or energize a circuit
that possesses some limited amount of magnetic or
capacitive current such as transformer exciting current or
line charging currents.

An air switch can be modified to include a series interrupter
(typically vacuum or SF6) for higher voltage and current
interrupting levels. These interrupters increase the load
break capability of the disconnect switch and can be applied
for switching load or fault currents of the associated
equipment.



L.oad Break Switch




L.oad Break Switch



L.oad Break Switch

Interrupter

Interrupter Pick-up Lever

Deflector Terminal
Shield Pad
S= e @ — { )

Stationary Switch Blade

Contacts

Blade Guide



Specifications & Ratings:

LOAD BREAK SWITCH

The load break switch shall be three-pole, gang-operated,
and with a highly visible position (“Closed” or “Open”)
indicator. The following are the minimum ratings and
specifications for load break switch:

System Voltage Frequency Continuous | Momentary Basic
Nominal Rating Rating Current Rating Impulse
Voltage Rating (Asym) Insulation
Level
kv kv Hz kA (kV, min.)
13.2 14.4 60 as required 40 95
13.8 14.4 60 as required 40 110
34.5 34.5 60 as required 30 110







Not Proper Coordination
Of Protective Devices



Sample: Meralco Circuit Interconnection
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Sample

Meralco Circuit Interconnectio

Install 2 units of Synchro-check
relay at CIP |l Substation for CBs
61SD4/62SD4 and 61SD8/62SD8

v

(M

Bank 1 Bank 2
83 MVA 83 MVA
SUBSTATION 1 )
r Bank 1
33 MVA
Install 2 units of Synchro-check ird
relay at FPIP Substation for CBs 63ww24 62Ww24
62WW24/63WW24
—
-

Tap

—

Construction of 4.6 km, 1-795 MCM ACSR
conductor per phase from tapping point at FPIP-

Los Bafios 115 kV Line to MGPP Switchyard 2 units LAs

Customer’s S/S

! I

. I

. I

I

: 1

i I

! I

. I

Legend: - I
1

— 230 kV 1 :

— 115kV . !

I

Below 115 kV X ]

e PTOpOsed 115 kV 1 Bank 2 Bank 1 :

an an

for MGPP | 115 kv-138kv KO ) 115kv-13.8kV 1

' 25 MVA 25 MVA I

I
1

I

Customer’s Steam Turbine
Generators

E ~ Install N.C. 115 kV Line
Disconnect Switch and

-

- 4
Bank2 | 62SD4 61SD4 63XE8 — 1>

33 MVA

62SD8 61SD8 63XE24
Install 1 unit of Synchro-check

I Canlubang Substati
SUBSTATION 2 relay at fsrnﬁlg)?gg/zr station

Bk2 Bk1
83 MVA 83 MVA
115 kV Line e SUBSTATION 3
63WT4

115 kV SCF & Metering
Bank 1

33 MVA Install 2 units of Synchro-check

relay at Los Bafios Substation
for 63WT4/61WT4

Install 2 units of 115 kV PTs

SUBSTATION 4

SUBSTATION 5

64ZX4

Install 1 unit of Synchro-
check relay at Calauan
Substation for 64ZX4

Install 1 unit of 115 kV PT




Sample: Meralco System Bus Fault Duty Report

MERALCO SYSTEM BUS FAULT DUTY REPORT

2010 YEAR END SYSTEM CONDITION
PSS/E SHORT CIRCUIT RUN
MVA, KA, IMPEDANCE (OHMS,P.U.)

BUS NO. BUS NAME BUS KV CIRCUIT NUMBER FAULT MVA FAULT CURRENT, kA FAULT IMPEDANCE, ohms
Zpos fzero X0/X1
13705 AEUBOT 315 |CARRIER CIRCUIT JHoEn | 24945 173 117 | 05980] 41698 1753 57781 168
12504 AGUINALDO 346 [12vH. 13vH, 14VH 424 | 39a2 B A3 F67 | 0.069] 3.0008 02053 27503 0698
13604 ANGAT 315 |CARRIER CIRCUIT 138.39 5 66 57, 143 | 26321] 61661 72115 233976 26575
14101 | ATALA ALABANG 1 | 345 [412WR, 413WR, 214WH, 415WR 15445 |  B19.99 777 038 | 00228] 25606 0.0056 0630|0474
14107 | AYALA ALABANG 2 | 345 |423WR. 424WR 1565|2997 7% 00| 00227 27006 00680 R
19601 EACOOR 345 [410WK, 115WK, TTAWR, 13WK 110K | 436.42| 6714 730 F 14| 00066 27072 0.0076 12712 162
18401 EAGEAGUIN 345|412V, M3VZ, A14YZ, 4152 13779 | 59054 733 965 | 0.0337| 27156 0.0075 DE0o0]  0.2240
10201 BALIBAGO T45 41307, 4247, 43K, 4507 54216 | 46175 907 773 | 0.0222] 21953 0.0560 33418] 15223
10304 EALINTAWAK 4 315 |4IE, 43E, 45E, 47F M50 | 3Thed 751 F.99 | 0.0093] 26510 00061 11587 1563
10302 BALINTAWAK & 345 |5IE. 53E EAE. &7F 5143|  BI0GA 777 22| 00094 25606 0.0023 07151 02606
10303 BALINTAWAK & 345 |400E. 403 404E 405E 15534 | 50690 7 62 f51| 0.0091] 26140 0.0050 17958] 06670
13301 | BF PARANAQUE 1 | 345 [42WU 43w, 48V 45WU 47U 15255 | 596.02 757 0.01 | 0.0179] 26300 0.0052 0707|0272
13302 | BF PARANAQUEZ | 345 |NOT VET AVAILABLE 15255 | 59602 7 67 001 | 0.0179] 26300 0.0052 0707|027
11605 EINONDO 346 41N, 43N, 45N 1156 | 452 3 FAD| 03360 26724 04312 So04] 15606
10401 BOCAUE 1 345 |43YE, MYE, 4B6VE B808| 44243 10,51 740 | 0.0275 1.6949 0.0321 12605] 22590
10402 BOCAUE 2 345 JATYE SOVE 9574 | B9l ad 1148 157 | 0.0273] 1735 0.0257 16926 0.0753
10501 BOTOCAN 345 41D, 42D %212|  24110 130 103 | 0299 45913 0.2369 570%| 12691
15001 CAINTA 1 45 425G, 40X, 46XG, 177G, 164G 5179 49652 773 831 | 0011 25774 0.0195 2036|0792
15002 CAINTA 2 305 42190, 42340, 42450 15003|  B0202 753 009 | 0.0208] 26447 0.0051 0Fam| 02393
7601 CAMARINT 345 |4307C. 4337C, 43470 4BT0 19605 | 56606 714 545 | 00394 27000 00058 07473 0062
14301 CANLUBANG 1 345 |415E. 43KE, 45KE, 477 12308 | 6087 7 09 F04| 00461 26076 0.0426 17| 15089
14302 CANLUBANG 2 345 |524E, 5IKE, B5KE 12478 | 3116 711 B.04 | 0.0460] 26017 0.0426 12621 1.5004
143073 CANLUBANG 3 345 |431E 25048 | 5666 150 155 | 0.0462] 40692 0.0576 R
77003 CAPASCO 345 |41RGE 27981 | 27060 168 153 | 0.0000] 42537 0.0257 16783 1.0998
14501 CARMELRAY 1 345 [4130W, 414W0, H15W0, 4T6Wa 11270 55329 591 9.5 | 0.0418] 26038 0.009 0Ee5s|  0.2377
12608 CAVITE 315 |CARRIER CIRCUIT 118.91 | 14894 109 2 19| 39273 9.2092 13371 37222 04042
e CEP 14 1 345 |410RF, 412RF, 413RF, 415RF, 416AF 13662 |  Ear22 7 5963 | 00066 27073 00064 OFEEE|  0.20459
0902 CBF 1A 2 345 [NOT YET AVAILABLE 19962 | 56722 736 963 | 0.0265] 27073 0.0064 05650]  0.2459
12501 CUBAD 1 315 [42v0, 430, 4570, 15v0 MB00| 48676 7 16 £17 | 0.0270] 26606 0.0193 19757] 07403
12507 CUBAD 2 345 [48v0. 51V, BV 14543 45015 71 766 | 0.0067]  26A] 00177 D077 0.a9T
13701 DASMARINAS 1 345|420, 43DA T|H | 40703 F.38 F.61| 00065 31198 0.0040 25390 06119
13702 DASMARINAS 2 315 [41DA 14DA A0964 | 51083 S F.55 | 0.0066] 20056 0.0023 11769 04067
14001 DILIVAN 1 345 [42V0. 43U, 45U, 46U 1468 | 37156 7 i £20 | 0.00%| 26766 0005 17560 15004
14007 DILIMAN 2 345 [423VU, 420U 106 13383 | 42642 7 06 714 | 0.0039] 2743 0.0448 D8R3] 1.0620




Protection Coordination

100 1MVA
34.5 kV
>0 Load = 16.7A
L-G fault = 1,000A
10 3P fault = 2,000A
O a0 q
25 Minimum size of fuse =
o 30E
€ 16.7 x 1.6 = 26.72 = 30E
=
1
0.5
0.1
0.05 Coordinated
0.01
= 2 § S § S § 8° § ©
rent. R g RS

Current, amp



Using Maximum Rating
Instead of proper coordination
With DU protection



Using the Maximum Value of Fuse Link instead
Of the one properly coordinated with the DU

Ratings
Amperes, RMS,
kY ;
Symmetrical
Fuse Type -
Interrupting
Nominal Maximum BIL Maximum

60 Hz 50 Hz

7.2 8.3 o5 200E 15 600 15 600

SM-4 14.4 17.0 110 200E 12 500 12 500
25 27 150 200E 9 400 9400

4.5 38 150 & 200 200E 6 250 6 250

7.2 8.3 oL 400E & 720E 26 000 26 000

14.4 17.0 110 400E 34 000 25 000

SM-5 14.4 17.0 110 720E 25000 25000
25 27 150 300E 20 000 20 000

4.5 38 150 8200 300E 17 500 17 500

a 25 000 amperes for systems above 15.5 kV thru 17.0 kV.




Using the Maximum Value of Fuse Link instead
Of the one properly coordinated with the DU

Ratings
Leakage Distance
K\ Amperes, RMS to Ground,
Minimum
Interr., Asym.
Nom. Ilax BIL Cont. Inches mm
b0 Hz S Hz

100 10 000 8 000 8-1/2 216
16 000 12 800 8-1/2 216
14.4 15 110 200 12 000 9 600 8-1/2 216

Disconnect
200 — — 8-1/2 216
100 8 000 6 400 11 279
12 000 9 600 11 279
125 200 10 000 8 000 11 279

Disconnect
200 — — 11 279
25 27 g 000 & 400 17 432
100 12 000 9 600 17 432
150 12 000 9 600 26 860
200 10 000 &8 000 17 432
Disconnect — — 17 432
300 — — 25 650




Proper Coordination of Fuses

Fuse Cut-Chut Power Fuse (SMD-20) Power Fuse (ShI-3)
Customer Side Customer Side Customer Side

KVA Rating Sym Assym | MVAsc | Rating Sym Assym MV Asc Rating Sym Assym | MVAsc

kA) (kA) fka) (kA) LLY] (ka)

Fault Low Fault (< = 478 MV Asc) High Fault (479<MV Asc<600) Very High Fault (601<MWV Asc<1000)
Arsas

330 EVA
F-FIEVA
3-100 EVA
3-167 EVA
3-230kEVA
3-333 VA
1500 EVA
2000 kYA
2500 kYA
3000 kVA
35300 VA
4000 kVA
4500 VA
3000 EVA
3500 EVA
&000 EVA
0300 VA
7000 VA
700 kYA
000 kVA
3300 VA
2000 VA

LEGEND:

3 MVA and below - low fault areas - FCO

1 MVA and below - high and very high fault areas - FCO with CLF

Above 1 MVA but not to exceed 3 MV A - high fault areas - SMD-20

Above 3 MVA but not to exceed 3.5 MVA - low and high fault areas - SMD-20
Above 1 MVA but not to exceed 3.5 MVA - very high fault areas - SM-3
Above 5.5 MVA but not to exceed 9 MVA - all areas - SM-5



Power Fuse or
Fuse Cutouts ?




Power Fuses



Specifications & Ratings :

Power Fuse

minimum ratings and specifications of a customer’s power fuse

System Voltage Frequency | Continuous Interrupting Capacity Basic
Nominal Rating Rating Current Impulse
Voltage Rating Insulation
Level
kV kV Hz Sym Asym (kV, min.)
13.2 14.4 60 as required 25 40 95
13.8 14.4 60 as required 25 40 110
34.5 34.5 60 as required 17.5 28 200

v" A minimum of three (3) spare refill units is also recommended.




Fuse Ctouts

Parallel-groove
connector S
e

Insulator - Porcelain ———-&?é ==
or Polymer e S
- M‘ "
Rugged attachment _- - N
hooks for Loadbuster® o

Upper contact

Lower contacts

Trunnion

Trunnion Pocket

Flipper Spring



Fuse Cutout

System Voltage Frequency Continuous | Interrupting | Interrupting Basic
Nominal Rating Rating Current Capacity Time Rating Impulse
Voltage Rating Insulation
Level
kV kV Hz kA max. (kV, min.)
13.2 14.4 60 as required 16 5 95
13.8 14.4 60 as required 16 5 110
34.5 34.5 60 as required 16 5 200




-

LT A 1380 e e

Power Fuse or Fuse Cutouts ?



Proper Coordination of Fuses

Fuse Cut-Chut Power Fuse (SMD-20) Power Fuse (ShI-3)
Customer Side Customer Side Customer Side

KVA Rating Sym Assym | MVAsc | Rating Sym Assym MV Asc Rating Sym Assym | MVAsc

kA) (kA) fka) (kA) LLY] (ka)

Fault Low Fault (< = 478 MV Asc) High Fault (479<MV Asc<600) Very High Fault (601<MWV Asc<1000)
Arsas

330 EVA
F-FIEVA
3-100 EVA
3-167 EVA
3-230kEVA
3-333 VA
1500 EVA
2000 kYA
2500 kYA
3000 kVA
35300 VA
4000 kVA
4500 VA
3000 EVA
3500 EVA
&000 EVA
0300 VA
7000 VA
700 kYA
000 kVA
3300 VA
2000 VA

LEGEND:

3 MVA and below - low fault areas - FCO

1 MVA and below - high and very high fault areas - FCO with CLF

Above 1 MVA but not to exceed 3 MV A - high fault areas - SMD-20

Above 3 MVA but not to exceed 3.5 MVA - low and high fault areas - SMD-20
Above 1 MVA but not to exceed 3.5 MVA - very high fault areas - SM-3
Above 5.5 MVA but not to exceed 9 MVA - all areas - SM-5



Multiple Set of
Power Fuses




Multiple Sets of Power Fuses or
Back-to-back Power Fuses



Reduced /Correcte
to Just One (1)
set of Power Fuses







Not Appropriate
Transformer $Specifications
and Connections



Transformer Connections:

e The preferred transformer connectio
is delta primary, wye secondary;

e the wye grounded delta connection is
not allowed.




TRANSFORMER CONNECTON

(Advantages and Disadvantages)

e X2
Case l. Delta — Grounded Wye . i
(Recommended — why?) 2 X | ® .
Advantages:

1. Complete symmetry and currents with respect to the three (3)
lines to neutral.

2. It provides two different values of secondary voltage instead of
one; i.e -480/277v. (Less expensive in desigh compared to
delta — delta connections in terms of insulation).

3. Stable neutral because of the delta, primary and good current
balance; i.e., overall loading can be closely balanced.

4. Most satisfactory connection due to a wide applications in LV
distribution systems, i.e., commercial buildings of power and
lighting service.



l., o
W ']
- 'k

1. It is also susceptible to ferroresonance *, especially during 12
sequential switching when energized in series with cable
capacitance to ground.

Disadvantages:

2. The bank cannot be parallel with D-D or Y-Y banks because of
the phase difference of 30 degrees between line voltages of
the banks on the secondary side.

* Ferroresonance can occur when an unloaded three phase system consisting mainly of inductive and
capacitive components is interrupted by single phase means.

In the electrical distribution field this typically occurs on a medium voltage electrical distribution
network of transformers (inductive component) and power cables (capacitive component). If such a
network has little or no resistive load connected and one phase of the applied voltage is then
interrupted, ferroresonance can occur.

If the remaining phases are not quickly interrupted and the phenomenon continues, overvoltage can
lead to the breakdown of insulation in the connected components resulting in their failure.

The phenomenon can be avoided by connecting a minimal resistive load on the transformer
secondaries or by interrupting the applied voltage by a 3-phase interrupting device such as a ganged
(3-pole) circuit breaker.

When ferroresonance does occur in a transformer, high voltages three to five times the rated
primary can appear on the primary, in the core and on the secondary



|

X
.

A. Advantage to Distribution Utility

1. Any unbalancing of load the secondary will just be
contained at the primary. System neutral current will not
be affected.

B. Advantage to Wye Grounded Secondary to Customer

1. Smaller fault current.

2. Fault in any leg will be readily isolated. (In delta connected
secondary, it is necessary to have two legs on before it
can be isolated. If only any one legs on faulty, it is
necessary to wait for a fault on another leg before it can
be isolated.

3. Economy in insulation, since than delta connected
secondary.



< o Jd z <8 J



X2

Hz
Case IV. Grounded Wye — Delta: /l\ EIQ
Hi Ha

Advantages: X3

1. Drastically reduces the possibility of ferroresonance.

2. In case of fuse blowing of one line on the primary, 3-phase
power is continued to be served the secondary. It operates
as an open type-open delta bank and a the wye connection
continues to carry the load as much a 58% of a closed.

3. All voltages are balanced and no roving neutrals are
present.



Disadvantages:

1. Transformer bank acts as grounding transformer for f
external to itself.

2. Unbalanced in load between phases cause current to flow
in other wye-delta transformer banks connected to the
same line.

3. If transformer normally carries 100% load, fuse blowing n
one line on the primary will cause the remaining two
phases (open wye - open delta operation) overload by 73%.







CHP TR.-1

11/6.9kV. OIL FILLED

XFMR WITH OCTC
SMVA, CdO

Grounding Bank

Transformer

: Eﬁrthing (grounding) transformer
Voltages during a ground fault

" 300A

EARTHING

STAR/OPEN DELTA

FOR 10SEC










Transformer BIL:

BIL is an abbreviation for Basic Impulse Level. Impulse tests are dielectric
tests that consist of the application of a high frequency steep wave front
voltage between windings, and between windings and ground.

The BIL of a transformer is a method of expressing the voltage surge that a
transformer will tolerate without breakdown.

When lightning strikes a transmission line, a traveling wave is created. This
traveling wave travels along the line and damages the transformer winding.

Insulation levels are designed to withstand surge voltages, rather than only
normal operating voltages.

Since the insulation lines and equipment is protected by surge arresters
draining the surges rapidly before the insulation is damaged, the arrester
must operate below the minimum insulation level that must withstand the
surges.



> Specifications & Ratings of Customer-
Owned Equipment / Devices

Transformer Bank

Type of Transformers

Basic Impulse Insulation Level

(kV, Minimum)

Distribution Transformers, kVA 13.2 kV 13.8 kV 34.5 kV
Distribution Transformers 95 95 150
Padmounted, Compartmental-type 95 110 150
Transformers

Power Transformers 110 110 200
Dry Type Transformers 110 110 200




ANSI- IEEE and IEC on BIL

fulfd-1 ART, 3.8 - LINE INSULATORS
‘Tabie 3.8.4-1 Insulstion Level Reguiremont
When Tested in Aceordance with ANSIC29.1-1988 Table 3.8.4-2 TEC Standard Insulation Levels for Voltnpes
Ragddry | Rated drs Leess than 300 KV
Momdunl voltage | Dashovey voltage | Moominsd volisge  Asshiver volinge =5 BT
thetneen phives) uf Insaslmioes’ {beowees phasis) | of Insulnioes' Iighest voltnge Standard shori-duraton | Stnndard
KV} 4] (L] V] for poquipmient o er-frequency lighting lmpulse
- 1 S e | e 1 315 i phase-to- phiass) svithsans] velinge withstamad voltage
= -.-__ — 4117 I-.- 1 -| ; k‘l’l L1| k‘_l’
— 24 i — ] 138 - AN {rama. value) irm.e vuluc) | ek vulue)
4 n 141 I ST — =\ e : ;
= e 5 23 M A | 4
130 5 348 f 41 T2 [ ) | a0
344 100 I S0 | Wl s . . i
w E -'r'." | 1543 = 75 - ns
S — o - = R - .
— IU}_I '—_I:i_ —e e —— - "'j
|nberpiate dor intermediate velues. [ I S |_."-'_|
== ! 150 -
_'.E' 5 | - _:l-'b._{
What to choose ? E
[ ] =
2 5450

145 55 450
24 530

At 34.5 kV: e T s O

For ANSI — 100 BIL TR R
At 36 kV: e

For IEC — 70 BIL only TR

i) | 05




ANSI- IEEE and IEC on BIL

2. STANDARD :

THE TRANSFORMER IS DESIGNED : MANUFACTURED AND TESTED IN ACCORDANCE WITH THE
PURCHASER'S SPECIFICATION AND APPLICABLE PARTS OF |EC 60076 STANDARD -

01, Ram ' 1
02, Guantty 2 60076-3 © IEC:2000 —27-
03, & —Hz—kVA 3§ BHz 25002125 kVA .
'ﬂ-i Typa DNANICNAF CONSIRVATOR R Tabla 2 - Rated withstand vnrlug:‘: for transformer nlzﬂtn;_u with
F oy Fios.o% o ""'"5:.‘;:3?-&'.'.:‘& on Eumﬁf:rﬂ:::'
F m ‘1.“‘“ V Highesi ﬁri# far Raisd lighining Rated ahonl dursiian
05 High Votage (Wil R 34500 A Im-_m. . : squipmonl L, |mpu|:I;1::.unu |ndmﬂ:;::rm:ru
F 333 o7 5% KW rms. KY r.m.a.
F 2175 96.0% | ] el e
06. Low Volage ] 03 v | , 3 e 10
pdllcm @ He 13 LV 3’ ' 7.2 ____—-h::-—m 20
o v —-E-_'—-"'h_ e
08. AC VOLTAGE wn| FT e v 3 : e 0 =
17.5 :z L |
What to choose ? 2 - s
145
aE < 70
. . 1T
Let the Professional Electrical - . -
Engineer (PEE) states his 60 280 s
reasons why he choose IEC Lo ﬁ 5:
instead of the ANSI-IEEE *mg ” -
123 - i
standards and certify it with his "525&, 230
. - B850 275
PRC license. e 750 328
NOTE Doned lines may require additional phasa:lo-phase withstand tesis fo prove
that the requirgd phase-to-chese withaland vollages are mal.

Low-voltage windings with U, < 1,1 kV shall be testad with 3 kV saparate source AC withstand
vollage,



What is the difference between Power
Transformers and Distribution Transforme

Those transformers installed at the ending or receiving end of long high voltage transmission lines are t
transformers. The distribution transformers (generally pole mounted) are those installed in the location
city to provide utilization voltage at the consumer terminals.

* Power transformers are used in transmission network of higher voltages for step-up and step down application
(400 kV, 200 kV, 110 kV, 66 kV, 33kV) and are generally rated above 200MVA.

*Distribution transformers are used for lower voltage distribution networks as a means to end user connectivity.
(11kV, 6.6 kV, 3.3 kV, 440V, 230V) and are generally rated less than 200 MVA.

*A power transformer usually has one primary and one secondary, and one input and output. A distribution
transformer may have one primary and one divided or “Tapped” secondary, or two or more secondaries.
*Power transformers generally operate at nearly full — load. However, a distribution transformer operates at light
loads during major parts of the day.

*The performance of the power transformers is generally judged from commercial efficiency whereas the
performance of a distribution transformer is judged from all — day — efficiency.

*The rating of a high transformer is many times greater than that of distribution transformer.

*In Power Transformer the flux density is higher than the distribution transformer.

*Power transformer’s primary winding always connected in star and secondary winding in delta while in
distribution transformer primary winding connected in delta and secondary in star.

*In The Sub station end of the transmission line, The Power Transformer Connection is Star-Delta.( For the
purpose of Step down the Voltage Level)

*In the star up of the Transmission line (H-T), The Connection of the power Transformer is Delta — Star (For the
purpose of Step Up the Voltage Level) But in case of Distribution Transformer, But Generally it is used in there-
phase Step down distribution transformer( Delta — Star).



4. Insulator KV rating — Table 3.8.4.1.
p.245 from PEC 2008 part 2 or
table 3.1.1.64 p.361 f.






LBS Handle
Not Connected to
Grounding Mat






Operating handle not grounded



LBS Handle NOT Connected to
the Ground Mat Or Grounded




Ground Mat Connected to the LBS Handle

2

LCAD BREAK
—n SWITCH
had m

A’

SUSPENSION
% M/ﬂ INSULATOR
LIGHTHING
| &= / kU
[ ], m
T - INSULATOR
I
I
1
|
|
|
I
I
I
|
P
1
|
|
I

1 LA
|
l T —— GACUND MAT
|
I'q.

[=
1
1
1

4 1
1
1
I
1

P

B

ROUNE ROO

-l —
ARRESTER
POWER FLISE —am=
? o PORCELAIN PIM

il

________________

|

T8

1}




Ground Mat Connected to the LBS Handle

|||||







Ground Mat Example
lllustrative purpose only

_PLAN VIEW
" GROUNDING
Y COPPER CLAD
m GROUND EOD
’\.
I &-——+C - TYPE TAPS
=4 EQUIPMENT M T T
e EOHIETEN L CONMECTED TO GRID
DOWN LEAD 5 i
o /
POLE
#L“‘—FGTENTML
LIGHTNING ARRESTER ) EQUALIZING
GROUND WIRE GRID
DOWN LEAD 8"«8" COPPERWELD
2004 FLEXIBLE o MESH
{  CU.BRAID | g [

CONNECT DOWN
TYPICAL LEADS TO
SwlTCH GROUND RODS /—E%I}L%INE[R%HHEETEH
—\ B DOWN LEAD

] ®4 AWG BARE COPPER
CONMMECT TaPS TO GRID ?:OﬁNEEF;%RTSﬁP /‘
FPOTEMTIAL #
EQUALIZING GRID !

“@" COPPERWELD MES7 2 coushep

e 2 e A

. —
B" HIN.J o
/ 3 MIN. 3 MINM.
GROUND ROD

rE" MIM.
L

CLAMP L\J
oo oo o JGURE NO.5 Niagara Mohawk
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SHITCH HANDLE GFIOLH"IDING A National Grid Company }
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Ground Mat Example
lllustrative purpose only

Ganeral Areangeensnl of an Earth Eleciiods Syslem af an
Electrcal Sub-Stafion




- Grounding mat connection and
material — Article 2.90.3.20 -
2.90.3.32 pp. 284-291 from PEC
2009 vol.












Addendum 1
Typical Distribution
Standard Clearances




Typical Distribution Clearances to
Supporting Structures

-
Spanor guy Wwines of maaasngers '_,_.#f T,

\Whan paratel to insa

Surfaces of crosasrma

e

KOTES:
1. vaues for cegances "CUsha Deasper TaDEe 427.1
2. Motes of Tanls 42.7.1sva asoanaly.

FAg. 4.2.7.1: Clearance of Line Conductors in Any Direction to Supporting Structures, and to Vertical
and Lateral Conductors, Span or Guy Wires Attached to the Same Support



Typical Distribution Clearances

Pole with Vertical Line and

Vertical Li fi ti
ertical Line Configuration Horizontal Line Configuration

Horizontal Line Configuration Triangular Line Configuration



Customer-Owned Facilities

The applicant’s primary distribution
facilities and substation shall comply wi
the provisions of the latest edition of the
Philippine Electrical Code regarding
safety and clearance requirements.



Vertical Clearance of Conductors Above

Ground or Other Surfaces

Spaces and ways
Nature of Su Roads, streets and o y subject to Water areas
aurEEnl W) Rairoad Tracks other areas subject "lviswav;’ﬁlm " pedestrians or | notsuitable for
oo btucktafic | o P | restited taffi sailhoat
only
mm mm mm mm mm
Primary Circuts upto
UAAKY affil aall il 441 il




Typical Distribution Clearances from Roadways

e e

PRIBARY CRCUMS UP T334 520 kY

OPEN SECONDARY

CONOUCTEAS e,

ECOMDARY AND SERWVICE

CABLES 0 T TE4 N SUPPORTED OM
ASADINDED MSSSENGER

COMMIMICETION CASLES
MESSEMGERS

AIRGE FROTECTON WIRES
GRCUMDED GUYS

EFFECTAVELY GADUNDED NEUTRALS
FPUNPAMMEAY CASLES

RAELRQAD TRACKS CRIMEWAY B, PARKING LOTS

AND ALLEYS

ROADS, STREETS AND
OTHER AREAS SUBJECTTO
TRUCK TRAFFIC

BPACER AND 'WAYS
SUBJECT TO PEDESTRIANES
OR RESTRICTED TRAFFIC
oMLY

WATER AREASNOT
SUTASLE FOR SAILROAT

MNotes: 1. This figure is based on Table 4.2.1.1(a).
2. All dimensicns are in mim.

Fg. 4.2.1.1 (a): Vertical Clearance of Wires, Conductors or Cables Above Ground, Rails or Water
[where wires, conductors or cables cross over or overhang the surface]




Sag

SAG

SPAN

measured vertically from conductor (below its
end points) to the straight line joining its
support/vertical drop of the mid-point of a span
of conductor below its end supports.

horizontal distance between support points

L

Level Span



Vertical Clearance Between Supply Cond! ptor&”,
Supported on the Same Structure

For 34.5/20 kV lines = 725 mm or 2’ 4”

Clearances Between Wires , Conductors or
Cables Carried on Different Supporting
Structures

For 34.5/ 20 KV lines only
Horizontal = 1500 mm
Vertical = 600 mm



1200 MM (MIN.) |

1500 MM (MIN.)

(300,

1050 28

0,300, 470 300

150 | ‘ 150
LOAD BREAK
’g S = SWITCH
=1 B LIGHTNING
= ['],r M ARRESTER
g a T ="\__PORCELAIN PIN
1 [[O @ ©] INSULATOR
\I\ I 4 POWER FUSE

I = ASSEMBLY
T—[Q ! @]
=
=
(=1
2
T T

TO CUSTOMER'S
DISTRIBUTION SYSTEM
T OR SUBSTATION
300, 1050 280,300, 470 300,

150 150

. LOAD BREAK
o SWITCH

NEUTRAL

LIGHTNING
ARRESTER

FUSE CUTOUT

TO CUSTOMER'S
DISTRIBUTION SYSTEM
OR SUBSTATION

Horizontal and

FROM MERALCO
METERING POLE
—_—

SUSPENSION /

INSULATOR

SWITCH & BUS

TO CUSTOMER’S
DISTRIBUTION SYSTEM
OR SUBSTATION

=

NEUTRAL WIRE 44~

Between Conductors

FROM MERALCO
METERING POLE
——

SUSPENSION / E ”:w
et

INSULATOR

TO CUSTOMER'S
DISTRIBUTION SYSTEM
OR SUBSTATION

NEUTRAL WIRE

AN

Fuse
Cutout



Clearances In Any Direction from Lin
Conductors to Supports and to Vertical
or Lateral Conductors, Span or Guy
Wires Attached to the Same Support



!
)
Surfaces of poles ';l

Sufaces of crossarms

Py |

-

Span or guy wings or Messengers
attached to same structure

Verical conductons

Lateral conductors

’ L
When paraliel to lines

—
-

Anchor guys




Clearance of Line

Vertical and Lateral

Span or Guy Wires or Messengers attached to the same structure

Conductors From conductors:
0f the same D!uthler Wher Surfaces of | Surfaces of
. Circuits | parallelto |Anchor Guys| All other
Circuit , Crossarms |  Poles
(same lines
m mm mm m m mm mm
Primary Circuts upto
W A2kY 0 410 il 1 ll flli flli




Clearances of Wires, Conductors, |
Cables and Rigid Energized Parts from
Buildings, Signs, Chimneys, Radio and
TV Antennas, Tanks and Other
Installations Except bridges



Clearance of Buildings

Signs, Chimneys, billboard,
radio and TV antennas,

Vertical tanks, and others not
classified as buildings or
. bridges
Horizontal | Oyeror under | Over or
roofs or under Over roofs
L . . Over roofs
projections not| halconies or | accessible to : : :
. i accessible to| Horizontal Vertical
readily roofs vehicles hut trucks
accessible to |accessible to| not trucks
pedestrians | pedestrians
mm mm mm mm mm mm mm

Primary Circuits
upto 34.520 kv 2300 3600 4100 4100 5SRO0 2300 2450




H = Horizontal
V' = Vertical
D = Diagonal

The horizontal clearance
govems above the roof level

0 the point where the diagonal
equals the vertical requirement.
From this point, the diagonal
shall be equal to the vertical
dearance reguirement.




Buildings in excess of three stories
/_:r 15 meters (50 ft) in height \

N f Y

Max. 2450 (B f) |

Building Line
—]

. ~
p— Building Line 1 p— Building Line

E
I

Clearspace of —/.. Clear space of
1800 mm (& ft} 1800 mm (& ft)
for raising fire ladder for raising fire ladder



PEC Requirements

T —336.4mcm per phase

; e~ N ~ B ~
A Ll w
13
sec wire
=
L3
— =
g —
[@nN] S
[} i
—
>
O
) =
>
-
(€}
{ \ \ \
.
o S
[
>
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Y
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Typical Distribution Clearances
A, / Outermost face of building

o_F % 2

4

> Meralco
facilities

Property

boundary
3,000 mm cleargd Plant strip/ |

(minimum)  [[] Sidewalk | )

D DAY

House side Street side

f/n Presentation on Building Construction.ppt



Typical Distribution Clearances

CLEARANCES FROM BUILDINGS

/ Vv N
g H LEGEND:
REGIONS WHERE
CONDUCTORS CONTROLLING
ARE PROHIBITED CLEARANCE
H  — — -
g JTAIT H ~— H | Horizontal
H V [ ]
H — [ | | | \ Vertical
] ||
i v H — T Transitional =
<53 il Vertical (Arc)

f/n Presentation on Building Construction.ppt



Typical Distribution Clearances

CLEARANCES FROM OTHER STRUCTURES

= [ ] T
vial (IT) |n v LEGEND:
S Rl - H
- H | " H |
§ Vit S I G N . REGIONS WHERE
L~ /F CONDUCTORS  CONTROLLING
'H ] ] | E ARE PROHIBITED CLEARANCE
B Y v |T
? v il U// — H Horizontal
T
L 3 _
"H| | H] 'H| | H] \‘/‘ Vertical
T Transitional =
Vertical (Arc)

f/n Presentation on Building Construction.ppt



Typical Distribution Clearances

Minimum Clearance (in Millimeters) of Exposed/Non-insulated
Wires, Conductors, Cables, and Unguarded Rigid Energized
Parts Adjacent but Not Attached to Buildings and Other
Installations Except Bridges

Meralco System Voltage, kV
Clearance of 6.24/3.6, 13.8/7.96, 34.5/20 115
Open Supply Unguarded Open Supply
Conductors Rigid Parts Conductors
1. Buildings
a. Horizontal
(1) To walls, projections, 2 300 2 000 2750
and guarded windows
(2) To unguarded windows 2 300 2000 2750
(3) To balconies and areas 2300 2000 2750
readily accessible to
pedestrians




Typical Distribution Clearances

b. Vertical

(1) Over or under roofs or 3 800 3 600 4 250
projections not readily
accessible to pedestrians

(2) Over or under balconies 4100 4 000 4 550
and roofs readily accessible
to pedestrians

(3) Over roofs accessible to 4100 4 000 4 550
vehicles but not subject to
truck traffic

(4) Over roofs accessible to 5 600 5 500 6 050
truck traffic

2. Signs, chimneys,
billboards, radio and
television antennas, tanks,
and other installations not
classified as buildings or
bridges

a. Horizontal 2 300 2 000 2750

b. Vertical (over or under) 2 450 2 300 2900




T~
Outer—most

Protective canopy
(Dwg. D-SPL02-99)

M

s =

M

I
House side

_
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CH < (HB - HM)/2

Where:

Hg = Height of the buildin
above ground

H,, = Height of the topmost
part of Meralco facilities
measured at the same
level of reference as the
building

C,, = Horizontal clearance
between the outermost
face of the building and
the nearest part of
Meralco facilities



Horizontal Clearance
Between Conductors Bounding
the Climbing Space

For 34.5/ 20 kV lines = 1000 mm
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Approach Distance to Energized Par

For 34.5/ 20 KV lines only

Phase-to-Ground = 720 mm
Phase-to-Phase = 770 mm



For Outdoor Substation:
Minimum Required Distance

For 34.5/ 20 kV lines
Vertical & Horizontal
Clearance from Buildings = 3048 mm
Center-to-center phase spacing for buses = 915 mm
Center-to-center phase spacing for switching = 1219 mm
Phase-to-Ground = 610 mm
Between lines of different voltages = 1067 mm

Source: PEC 2009 Vol. 1 Part 1
Article 1.10.3.1 to 1.10.3.6
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Determining Electrical Clearance
with Existing or Affected Facilities

General Guidelines

Measurement of Clearances and Spacings

Q

Unless otherwise specified, clearances shall be measured from
surface to surface and spacings shall be measured center to
center.

For clearance purposes, live metallic hardware electrically
connected to line conductors shall be considered part of the line
conductors shall be considered part of the line conductors.
Metallic bases of surge arresters, cutouts and other similar

devices shall be considered as part of the supporting structure.



Determining Electrical Clearance
with Existing or Affected Facilities

General Guidelines
Covered Conductors
@ Covered conductors (including tree wires) shall be considered as

bare conductors for all clearance requirements



Determining Electrical Clearance
with Existing or Affected Facilities

General Guidelines

Reduction in Clearance Requirements

@ The clearances shown in this guideline may be reduced
particularly in cases where the PEC specifically allows or where
the requirements are physically impossible to attain.

@ All reductions in clearances shall conform to allowable limit set

by PEC.



Determining Electrical Clearance
with Existing or Affected Facilities

Specific Guidelines

Horizontal Clearance of Supporting Structure from other Objects

& Poles, support arms and equipment attached thereto, and braces
shall have the following clearances from other objects. The
clearances shall be measured between the nearest parts of the

objects concerned.



Determining Electrical Clearance
with Existing or Affected Facilities

Specific Guidelines

Horizontal Clearance of Supporting Structure from other Objects

Along streets, roads and highways

@ Where there are no curbs, supporting structures should be
located at a sufficient distance from the street, road or highway
right-of-way to avoid contact with ordinary vehicles.

@ Location of overhead utility installations on highways with narrow
right-of-way or on urban streets with closely abutting
improvements are special cases which must be resolved in a
manner consistent with prevailing limitations and conditions (PEC
Part 2 — 2000, Sect. 3.4.2.1 [b][1]).



Determining Electrical Clearance
with Existing or Affected Facilities

Specific Guidelines

Horizontal Clearance of Supporting Structure from other Objects

From Railroad Tracks

@ For overhead lines crossing or in parallel with railroad tracks, all
portions of the supporting structure, support arms, anchor guys,
and equipment attached thereto that are less than 6700 mm above
track rail shall be located not less than 3600 mm from the said
track rail. At industrial sidings (i.e., short railroad tracks
connected to the main track), a clearance of not less than 2130

mm is permitted (Fig. 3)



Determining Electrical Clearance
with Existing or Affected Facilities

Specific Guidelines

Overhead Line Clearance

Vertical Clearance of Conductors above Ground or other Surfaces

@ The vertical clearances specified for conductors above ground
are as shown in Tables 4.2.1.1 and Figs. 4.2.1.1 (a) & (b) and shall
be applied at any point in the span. These clearances shall be
maintained considering the maximum span and highest
temperature that can be attained by the conductors during

operation.






Addendum 2
Other Transformer Connections




Provided Transformers are:
A. Single-Phase Type
B. Three (3) Phase — Shell Type ) Why?
C. Three (3) Phase - Five (5) — legged Core-Type )

Case ll. Grounded Wye — Grounded Wye /]“; )";
Hi~" Ho ™ Ha X ';t; X3
)

Advantages:

A. 1. It provides two different values of secondary voltages
instead of one. (20 KV-139/278V or 34.5 KV-
240/480V)

2. Availability of single phase (1@) circuits with only one
conductor run (1 to N voltage)

3. Economical in terms of insulation.

4. Provides path for ground current, sufficient for protective
devices to detect and operate.

5. Suited to systems having high line voltages and relatively
low currents.

6. Best connection to minimize if not totally illuminate the
occurrence of ferroresonance.



Single phase sequential switching at the fuse disconnects does
not produce a ferroresonant condition since transformer magnetizing
reactance are not energized in series with the cable capacitance. The
cable capacitance is merely a load on one phase to neutral and is not
in series with the transformer magnetizing reactance.

7. It makes it possible to ground all three phases symmetrically
at a common point thus associating each phase load with
phase source, making it almost fool proof.

8. Low KV rating of LA’s together with discharge spark over
voltage which is consonant with BIL requirement of
transformer as well as other associated equipment thus
economy in design of the system is achieved.



Additional four (4) oscillograph studies showed that with sine

wave voltages between lines, the line to neutral voltages of the Y-Y
banks about 60% third harmonic component.

9. Three phase — Shell Type & 5 legged Core Type

10.

In a 3o transformer of shell-type or 5-legged core- type,
react in the same manner as a (3) - 1@ distribution
transformers connected Y-Y both primary & secondary
neutral connected to system neutral. The recommended
connection is free from ferroresonant overvoltage
conditions.

Distribution Utility recommends 5-legged core type and not
3-legged core type to avoid problems of tank heating due to
unbalances loading condition, or secondary faults which
cause a primary fuse to open.



Disadvantages:

1. Necessitates tertiary windings to stabilize the neutral
potential in the primary wye and to suppress third
harmonic currents.

2. Severe induction voltages to telephone lines in case of line to
ground fault.

3. Three-legged core type transformer experiences tank heating,
specially during unbalanced loading.

Remedy: With the use of five-legged core type transformer,
shell type transformers or to provide with a low
resistance lines installed in a 3-legged core type will
act as a path for the magnetic flux.



4. Deviation of g voltage from the theoretical one during
unbalanced load condition.

NOTES:

a) If the primary neutral is not connected to the source,
unbalanced load causes a roving neutral. (Roving neutral —
not stable neutral)

b) If the neutral wire is connected from the source to the neutral
of the primaries, each phase can work independently of the
other; any unbalanced in current is then carried by the
neutral.



LYl L Lt .
é

13

LIy




l,'li
Case lll. Delta — Delta Connection " :

Advantages: Hy A H3 X An

1. No third harmonic current will occur.

2. Failure of one phase can still operate as an open delta.

3. Sharing of load according to the impedance of he phases.
A small transformer in one of the phases usually

has a high impedance, therefore, it tends to take a smaller
share of the load.

4. Availability of balanced symmetrical voltage and currents
with load or at no load.

5. Tank heating is minimized.



Disadvantages:

1. Higher KV rating of arrester needed thereby increase in
investment of equipment is necessary.

2. No path for sufficient ground current could be provided
thus preventing protection devices to be applicable.

3. Provides only a single value of secondary voltage (if not
provided with neutral)

4. At least two conductors or ones could be made to supply
single phase loads.

5. Higher cost, more insulation required.
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Case V. Ungrounded Primary Wye and Grounded Wye Secondary

with Delta Tertiary:
A,
/*“i”« Nim\
Y Y

1. This set-up eliminates the 39 harmonic problems and
simplifies adherence to the effectively grounded system.

2. The zero sequence reactance Xo, at the delta, provides the
path for the zero sequence current, it has a very low Xo
reactance in its grounded wye in a set-up.



Advantages to Distribution Utility — any unbalancing of load at the
secondary will just be contained at the primary system

neutral current will not be affected.

Advantages to customer of Grounded Wye secondary:

1. Smaller fault current.

2. Fault in any leg of the secondary will be readily — isolated.
Does not need to wait for a fault on another leg as in delta

connection.

3. Less insulation than DELTA connected.



Disadvantages:
1. Susceptible to ferroresonance
Advantages: Single Phase

1. Same as wye grounded secondary advantages to
customer

2. Ferro resonance eliminated
3. Tank heating eliminated
4. Lower first cost

Three Phase

1. Must be shell type or 5 — legged core type to eliminate tank
heating.






Addendum 3
Underground
Primary-Metered Service




Primary Metering Service
Underground Installation
Customer-Owned Transformer
(Optional)



Primary Service, Underground Installation,
Customer-Owned Transformer

Standard Connection Facilities (SCF)

2CF
"1 Protective
| | devices

[ 4
SCF | l'I-'—--_II-;_--—I-i-I
i A A
sarvice | ) EX [ | N
cable \ -‘r
| ._ g
| A
SCF |
g iy ||
METERING 1
f
=witchgear L)

— [ F [ ===l ] lii'ﬂ'.i"."lffl—_'fl"f':‘[' '_,;|l il
Distribution-Voltage Service, Underground Installation, Non-Residential,
Customer-Owned Transformer, Sourced from Overhead Distribution System



Primary Service, Underground Installation,
Customer-Owned Transformer

SCF SCF
Protective devices Primary
senvice
cable

Switchgear

el

%@?—‘i—‘*ﬁ%@%m e,

TR TR AT A TR LT

Distribution-Voltage Service, Underground Installation, Non-Residential,
Customer-Owned Transformer, Sourced from Underground Distribution System




20 / 34.5 kv
Indoor Primary Metering

Installation on Loopfeed Line
(3PT'S./3CT’S.)

Primary Metering Vault
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Primary Metering Vault



20 / 34.5 kV
Indoor Primary Metering
Installation on Loopfeed Line
(3PT’S./3CT’S.)







