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Objectives

When trainees have completed this lesson, they should be able to
do the following:
Describe various types of electric services for commercial and industrial
installations.
Read electrical diagrams describing service installations.
. Select service-entrance equipment for various applications.
Explain the role of the National Electrical Code® in service installations.

Install main disconnect switches, panelboards, and overcurrent protection
devices.

|dentify the National Electrical Code® requirements and purposes of service
grounding.

Describe single-phase service connections.
Describe both wye- and delta-connected three-phase services.
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This is a knowledge-based module; there are no Performance Tasks. &\
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1.0.0-3.0.0

Next Session...

Service Components




4.0.0-4.7.0

Service Components
 Electricians normally install the meter enclosure and the
meter itself is installed by the utility company.

« Most modern meters are digital. Older dial-type meters
are read from left to right.




4.0.0-4.7.0

Clamp-On Ammeters Operate on the Same
Principle as Doughnut-Type Current Transformers

» Services rated 400A and above
typically use a group of current
transformers, one for each
ungrounded conductor or set
of conductors.

« There are two basic types of
current transformer: the busbar
type and the doughnut type.
The doughnut type operates
much in the same way as a

clamp-on ammeter.
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4.0.0-4.7.0

Typical CT Cabinet Arrangement

« Current transformers may be mounted on overhead
conductors but are normally enclosed in a CT cabinet.

 Utility companies have specifications for the location
and wiring of CTs and CT cabinets.
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4.0.0-4.7.0

Think About It —
Reading a Watt-Hour Meter

What is the reading on this meter?
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4.0.0-4.7.0

Three-Phase Busway

« A busway Is a grounded metal enclosure containing
factory-mounted bare or insulated conductors, which
are usually copper or aluminum bars, rods, and tubes.

« Busways are one of the most common wiring methods
for multi-switch service installations. NEC Article 368
lists the installation requirements for bussed gutters.

M1 P1 L1

A ﬂ ﬂ ﬂ BUSBARS CONNECTED

i S i TO ENCLOSURE WITH

— © <o o) <0 1y INSULATORS. BUSBARS
CONDUCTORS FROM @ e O e i MUST BE BRACED TO
CT CABINET ARE . =0 o= wf/ WITHSTAND THE TORQUE
BOLTEDTOBUSBARS.| _ | .\ - - ] INDUCED BY FAULT

S i v L CURRENTS.
SECTION A-A

NEUTRAL BUSBAR —— \V
ISECLEJROUNDED IF USED SWITCH AND PANEL
AS MAIN SERVICE TAPS ARE BOLTED
EQUIPMENT. x ] T BLSRAR.
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4.0.0-4.7.0 |

Next Session...

NEC® Requiremenits
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5.0.0-5.4.0

NEC® Requirements

« NEC Article 230 lists the requirements for service installations.

« NEC Article 250 covers the requirements for grounding and
bonding of electrical services. The required grounding electrode
conductor sizes for various service-entrance conductors are
shown here.

Size of Largest Service-Entrance Conductor

or Equivalent for Parallel Conductors Size of Grounding Electrode Conductor
Aluminum or Copper- Aluminum or Copper-
Copper Clad Aluminum Copper Clad Aluminum
2 or smaller 1/0 or smaller 8 6
10r1/0 2/0 or 3/0 6 4
2/0 or 3/0 4/0 or 250 kcmil 4 2
Over 3/0 through 350 kcrdi Over 250 kemil through 500 kcnhi 2 1/0
Over 350 kcmil through 600 kcrhi Over 500 kcmil through 900 kcrhi 1/0 3/0
Over 600 kcmil through 1,100 kcrhi Over 900 kcmil through 1,750 kcrhi 2/0 4/0
Over 1,100 kemil Over 1,750 kcmil 3/0 250 kemil

Reprinted with permission from NFPA 70®-2014, the National Electrical Code®, Copyright © 2013, National Fire Protection Association,
Quincy, MA. This reprinted material is not the complete and official position of the NFPA on the referenced subject, which is represented

only by the standard in its entirety. &




6.0.0-6.5.0

ypical Installations

 This is an overhead
208Y/120V service
rated at 400A with two
parallel conductors
that terminate in a
wireway.

* Note that drips loops
have been installed
per NEC Section
230.54(F).




6.0.0-6.5.0

One-Line Diagram for Overhead Service

£1 ‘ OVERHEAD LOOP
BY UTILITY

b—21[2" C, 4-§3/0 Cu, THWN]

6"x6" NEMA 3R WIREWAY

/ #2 Cu TO COLD WATER PIPE
#2 Cu TO BUILDING STEEL

100A, 240V, 2P, NEMA 3R [ - 2 s
DISCONNECT SWITCH WITH (2) _/ #4 Cu CONCRETE ENCASED ELECTRODE

FRN-R-100 FUSES

200A, 240V, 3P, NEMA 3R 200A, 240V, 3P, NEMA 3R

DISCONNECT SWITCH WITH (2) DISCONNECT SWITCH WITH (3)
FRN-R-125 FUSES FRN-R-125 FUSES

ONE-LINE DIAGRAM

208Y/120V 3@, 4W SERVICE USING A
WIREWAY AND FUSED DISCONNECT
SWITCHES. NOTE THAT SINGLE—-PHASE
AND THREE—PHASE TENANTS ARE

CONNECTED TO THE SAME SERVICE
EQUIPMENT. i
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6.0.0-6.5.0

Underground Wireway Service

e This is a 208Y/120V
service rated at 800A with —
three parallel four-wire
cables run in underground

conduit.

 The conductors terminate
IN @ main service
disconnect, with tenant
service disconnects
connected to the wireway
using EMT conduit and
Myers-type hubs.




6.0.0-6.5.0

One-Line Diagram for an
Underground Wireway Service

200A, 240V, 3P, NEMA 3R FUSED
DISCONNECT SWITCH WITH (3)
JUN-200 FUSES

100A, 240V, 3P, NEMA 3R FUSED
DISCONNECT SWITCH WITH (3)

JUN-100 FUSES

Q
|
400A, 208Y/120V CLT. “ 800A, 240V, 3P, NEMA 3R
400A, 240V, 3P, NEMA CARNET “ TG | o R
3R FUSED DISCONNECT | CONT ‘ 3)
SWITCH WITH (3) z ‘ w
JN-400 FUSES z _ ‘
\ / 3 = | . s
== _é ' 3 PNL ‘v =
? s o | 3
/ 2 1a] = e
||ige ot 2
| - 3
‘j—\ —— T/ o=
) | i
i . S
bl F oo T W
u i u’ S
i g A #2/0 Cu TO COLD WATER PIPE |
M-3R — #2/0 Cu TO BUILDING STEEL ~
WIREWAY #4 Cu TO CONCRETE ENCASED ELECTRODE

ONE-LINE DIAGRAM

208Y/120V 3@, 4W SERVICE USING A
WIREWAY AND FUSED DISCONNECT
SWITCHES.

Sd3'0Ld v1-80€92

| s | . 'y
l\‘ff» [.5 PVC, 4—#400 kemil Al, TnWN]

1 3" PVC SPARE




Underground Bussed
Gutter Service

* This is a 208Y/120V three-
phase service rated at S00A
with two parallel three-wire
cables terminating in a
bussed gutter.

 The service disconnects are
connected to the bussed
gutter with RGS nipples and
the conductors are terminated
using mechanical lugs.
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6.0.0-6.5.0

One-Line Diagram for an Underground
Bussed Gutter Service

0 0 )
400A, 240V, 3P, NEMA 3R
DISCONNECT SWITCH WITH (3) — 200A, 240V, 3P, NEMA 3R
FRN-R-225 FUSES N DISCONNECT SWITCH WITH (3)
\ FRN-R—200 FUSES
100A, 240V, 3P, NEMA 3R N
DISCONNECT SWITCH WITH (3) — /\
FRN-R—100 FUSES % \ /
\\\ \ /,/
\ \ / \
e RN I3 1
PAD MOUNTED TRANSFORMER N
WITH 208Y/120V SECONDARY |—q O ‘Q @—J—q @-J—q
/
]

R el N

\__800A, 208Y/120V, 3@, 4W
BUSSED GUTTER

Ta
!

3" C, 4—#500 kemil Cu, THWN] |

|
—— w— _e e_ ________ —
2/0 Cu TO COLD WATER PIPE
2/0 Cu TO BUILDING STEEL
#4 Cu CONCRETE ENCASED ELECTRODE

ONE-LINE DIAGRAM

208Y/120V 30, 4W SERVICE USING A
BUSSED GUTTER AND FUSED
DISCONNECT SWITCHES "&
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6.0.0-6.5.0

MSB and SSB Switchgear Service

* This is a 480Y/277V service
rated at 2,000A with seven
parallel four-wire cables run
In underground conduit to
switchgear.

« The service-entrance
conductors enter under-
ground and are terminated
In a CT metering section
that is part of the panel
main switchboard (MSB).




6.0.0-6.5.0

Panelboards

« The bus carries current
through the switchgear to
fusible disconnects supplying
power to panelboards serving
mechanical equipment loads,
a lighting panelboard, a
transformer, and a shunt-trip
circuit breaker supplying an
elevator.

 All of the equipment is
rated for indoor use.




6.0.0-6.5.0

One-Line Diagram for
MSB and SSB Switchgear Service

MSB ELECTRICAL ONE LINE DIAGRAM




6.0.0-6.5.0

One-Line Diagram for
MSB and SSB Switchgear Service

:
ﬂ SSB ELECTRICAL ONE LINE DIAGRAM

12z |
A A |
|
|
|



6.0.0-6.5.0

Panel Schedules for a 480Y/277V
Panelboard and a 208Y/120V Panelboard

PANEL SCHEDULE

PANEL NAME HA

PROJECT: CROSSROADS CHURCH [VOLTAGEL-L (V): 480

J0B NO.- W-1904 IVOLTAGE L-N (V): 217

LOCATION: ELECTRICAL ROOM |TYPE: 3P 4w

MINIMUM BUS CAPACITY (A): 200 {SHORT CIRCUIT RATING (A): 65000

MAIN O.C. DEVICE (A): MLO MOUNTING: SURFACE

DESIGN CAPACITY (A) 200 COMMENTS:

DEVICE TTNG | RCPT | MILMIEIAT RPTION CKT TKT DESCRIPTION | MILM/GIA/S| RCPT | LTNG DEVICE
AMPS _|POLE| (VA) | (vA) | (va) NO. |PHASE| NO. l‘ (VA) (VA) | (VA) |POLE| AMPS

20 1| 1200 MONUMENT SIGN i A | 2 |[NORVESITELTG 2530 | 2 20 |
20 1| 1200 |EMONUMENT SIGN 31 8 | 4 2530 | T T
70 1| 1200 EMONUMENT SIGN 5 | C | € |SEDRVESITELTG 610 | 2 70
20 1| 1032 ]m.no ACCENTLTG T A 81 610 | 7 T
20 1 | 100 |TREEACCENT LG 9 | B | 10 |WPARKINGLOTLTG 220 | 2 20
20 1| 683 |ARCADE DOWN LTG il ¢ |12 lr 3220 | 1 T
20 1 394 ARCADEACCENT LTG 13 A 14 [SPARE 2 20
20 1 200 ENTRY LTG 15 B 16 |/ ! 1
20 1 3795 lCLASSRM #139-8147LTG 17 C 18 |SPARE 2 20
20 1 3566 ]CORFUSTORARWCSRH LTG 19 A 20 |/ ! /
20 1 4094 1ST FLRNELTG 21 B 22 |EXTERWALLMNT LTG 72 1 20
20 1 2600 NARTHEX LTG 23 < 24 TERWALLMNT LTG 459 i 20
20 1| 3108 [ISTFLRNWLTG 5 A i 20|
20 1| 3670 7| 6 1 20

|20 i H | C 1680 | 1 20|
20 i 31| A 1680 | 1
70 i EE) 1680 | 1 20
20 i B C 1680 | 1 20
20 1| 2078 ZND FLR BEVISTARICORRLY| 37 | A 680 | 1 20
20 | 2607 ZNDFLRS LTG W 8 1680 | 1 20
20 1| 2935 ZNDFLRSLTG 4| C 680 | 1 20
20 1 2614 2ND FLRNELTG 43 A 1680 1 20
20 1 45 B 1 20
20 1 47 C 1 20
20 1 49 A 1 20
20 1 51 B 1 20

0 i 55 ¢ i 20

20 i 55 A i 20
20 i 571 6 1 20

2 |1 | W < { 2

CONNECTED VA PHASEA: DEMANDED VA PHASE A 30086

CONNECTED VA PHASE B: DEMANDED VA PHASE B: 26316

CONNECTED VA PHASE C: DEMANDED VA PHASE C: 27178

CONNECTED D.F. DEMAND

TIGHTING LOAD: 66864 125 83580 DEMAND LOAD (A) = 101

RECEPTACLE (FIRST 10 KVA) [ 1.00 ] SPARE CAPACITY (A) = 9

RECEPTACLE (REMAINDER) 0 0.50 0

LARGEST MOTOR: 0 1.25 0

REMAINING MOTORS: 0 1.00 0

APPLIANCES: [ 065 (]

EQUIPMENT: 0 1.00 0

SUB FED PANEL: [ 1.00 0

TOTAL 66864 83580

LOAD (AMPS): 80.4 100.5

M = MOTOR E = EQUIPMENT S = SUB FEED PANEL

LM = LARGEST MOTOR A = APPLIANCE

NOTES:

1 CONTROL VIA CONTACTOR

26308-14_F16AEPS ‘ - &




6.0.0-6.5.0
Panel Schedules for a 480Y/277V

PANEL SCHEDULE
|PANEL NAME LA
PROJECT CROSSROADS CHURCH VOLTAGE L-L (V) 708
LR TAGELN (V) 120
LOCATION: E AW
MINIMUN BUS TAPATITY (A): &l RCU NG (A) 43000
MAINOC. DEVICE [A): MOUNTING: SURFACE
DESIGN CAPACITY (A]
CEVICE LTNG | RCPT | MILMIEATS] DESCRIPTION CKT CKT DESC MILNEAS[RCPT | LTNG OEVKE
AMPs _|PoLel (va) | (va) | (va) NO. |PHASE| NO. {VA) (VA) | (vA) |POLE| AmPS
20 7 [ T30 CLASSHM #140 YOILET #143 80 i 20|
EL) i 900 CLASSRM #140 ) i?jws W 24 i 20
20 1 | 1080 CLASSRM #143 6 |TOILET #1533 180 1 20
L) 7 | 1260 CLASSRM # §_|RE 45150 £ 3 ki)
S 1260 CLASSRM #147 ¥ |10 [SYGRAGE#151 0 { I Y
E0) i 7260 TOOLERS #133 W ¢ [ 12 LIEEGEE) iddd i EL)
%0 7 1080 WURSERY #131 3 A | 14 |MAINT WORKSHP 730 7 EL)
20 T M 1582 |WASHER 15 | B | 16 |MAINT WORKSHP 500 1 20
£) ] E 4500 |OAVI 17 | C | 16 |STORELEC AW 730 T L)
T T | €467 WA TR [YOUTHRN &2 e s 1440 S I T B
g IR 1080 EXYERROR RCPY OB I [SPARE i 0
0 i T30 RESTROOM 81191120 33 | C | 34 [WELCOMENARTHEX 080 i L)
20 7 W 244 [BWCIA 25 | A | 26_|MULTI PURPOSE RM EX) i 20
20 1 | 244 EWC.1C 7 8 28 |[MUCTTPURPOSE RM 540 1 20
% T RLLLAN (OCRETSTORIAN | € |56 [STORAGE 358 7 n
0 1 85T [COFFEE BARLYS 31 A SIPASYSYEN E 200 1
0 T | Te0 | ENTRY LTG 33 | B | 34 [PASYSTEN € 200 1
3 7 | W 1000 RY DOORS 35 | C_| 36 |FIRE SWOKE DAMPERS [E 400 i
0 1 LM 1656 WM OTORIZED HOOP 37 A 38 |SPARE 1
3 T | 7080 |VOUTH #3224 [STORAGE | 35 | B | 40 |SPARE T
i | (L) A1 | ¢ | ar [SPARE i
7 360 a3 | A | a4 |CONF R #ET3 D) i
T | 1080 45 | "B | 4 |Recep#aia 720 i
] 171260 a7 |_C | 48 |KTCHeNETTE®2TT _|E 000 | 180 1
1 900 ) A 50 [KITCHENETTE 8211 180 1
0 i 51| B | 52 [WORKROOM #212 388 TN
L) i 060 ¢ | % [CoPiER € 000 i £l
L) T | 800 55 | A | 56 |TELECOMP RW 8208 1080 i 20
20 1 900 57 [} 58 |STAIRCORRIDOR 380 1 20
1) T 1960 G I ) 340 i p0)
L) T 7080 €1 | A |62 [BEVAREA 388 i n |
0 i 1080 A (3] L o AREA Ll i 0
L) i 3 gv 6 | C [ TBEV ATEA 300 i 20
0 7 W - §7 | A | 66 |SPARE 30 7 0
20 1 | 180 2] 8 70 |SECURTY GRILL M 175 1 20
L) 1 180 71| € | 72 |VOUTHTRACK 7600 | 1 0
;N €900 TS| TA | Y[ VOUTHTRACK o0 |1 W
i 7 75 | B | Y6 |VOUTHTRACK 600 | 1 L)
0 T 77 | €| 76 |VOUTHTRACK 600 | 1 70
| 7 Al 75 | A | B0 |YOUTHSTAGE 900 | 1 kL
) T € CONTACTOR COILS §1 | B | 62 [ROOFTOP RCPY 1£1) i 0]
BT 5w EXTERIORRCPY | 83 | € | 64 |ROOFTOP RCPT s 5 £l
CONNECTED VA PHASE A: 24419 DEM ANDED VA PHASE A 20573
CONNECTED VA PHASE & 18625 DEM ANDED VA PHASE B: 14187
CONNECTED VA PHASE C. 27708 DEMANDED VA PHASE C 23503
OF.
LIGHTING LOAD: 8667 125 10834 [DEMAND LOAD (A) = 162
RECEPTACLE (FIRST 10 KVA) 10000 1.00 10000 SPARE CAPACITY (A) = 138
RECEPTACLE (REM AINDER) 30140 050 15070
LARGEST MOTOR: 1656 125 2070
REM AINING M OTORS. 6389 1.00 6200
APPLIANCES: o 0.65 Q
EQUIPM ENT. 13900 1.00 13900
SUB FED PANEL. ° 1.00 0
TOTAL 0752 58263
LOAD (AMPS) 1964 161.7
W =MOTOR E= EQUIPMENT S = SUB FEED PANEL
ARGEST MOTOR A = APPLIANCE
|Ev£s
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6.0.0-6.5.0

Multi-Family Service

« This is an underground 240/120V single-phase service for
a multi-family apartment building with individual tenant
meters located on each end of the building.

* This service contains three sets of three-conductor cables
run in parallel in PVC conduit.

i QL
| 4 S =
2 3 y
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6.0.0-6.5.0

Next Session...

Wrap Up




Wrap Up
3-2-1
3 — Write 3 important things learned during class

2 — Wirite 2 questions you have about the material
1 — Write 1 thought you had about the material
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Next Session...

MODULE EXAM

Review the complete module to prepare
for the module exam. Complete the Module
Review as a study aid.
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