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AC POWER AND GROUNDING

Common Distribution Systems. The basic classification of distribution systems
is according to voltage level:

1) 120-240V single-phase three wire

2) 208V three-phase (WYE)
3) 240V three-phase (DELTA)
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Voltage Classifications

Definitions:
Wye Configuration: Consists of three alternating currents that differ by 120
degrees with a common grounded neutral current return.

Delta Configuration: Consists of three alternating currents that differ by 120
degrees. Delta generally does not have a grounded neutral current return.

Grounded Neutral: The grounded current return leg for every single phase of
awye configuration. The neutral lead is grounded every 500to 1,000 feetonthe
line poles and at the building service entrance point.

Safety Ground: A resistance of less than 26 chmstoearth ground at the service
entrance that is used to maintain electrical equipment at the same low potential
1o prevent electrical hazard. Since the safety ground is not a current return, as
is the grounded neutral, ground fautt interrupt circuits should tripin case of safety
ground current fiow.

Three Phase Wye Voltage Relationships - the voltage between any two phases
in a wye configuration can be calculated by the formula below:

ny = Vsz_
v, (1.73)

AC Power Generation: The nextfigure is an inside view of a typical generator.
Generators may be constructed with either the armature coil or field coil
structures as the revolving member. Above 13KV, generalors commonly
employ the revolving field construction.
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The revolving field coils
receive direct current
from the exciter. The
induced current in the
stationary armature coil
varies as the field coil
revolves. Each
individual phase output
is 120 degrees (2.09
radians) behind the
previcus phase. Uility  ppase1

g Exciter

)’{-l.ilﬂl P
S04,

" Common
gen'eratorouiputvohage ~ Phase? "~ Connection
varies from 13KV {0 “phasea
24KV. The common f ~
connection is grounded C B

and is used as the
neutralcurrent returnfor
the entire AC Stationary
transmission and
distribution system,

The Transmission
Line: Overhead i
transmission of electrical Revolving

power remains one of Field

the most important
elements of today's
electricalpower system.
Since the beginning of
the electrical industry,
research has been AC Power Generator

directed toward higher

and higher voltages for transmission. Thus it is common to see, for example,
voltage levels of 115KV, 230KV, 345KV, 500KV, and 765KV (the greater the
distance of transmission, the greater the voltage level {usually}. The highest AC
voltage in commercial use is 765KV, however, research and test lines have
exploredvoltages as high as 1500KV. The fundamental purpose of the electrical
utility transmission system is to -

transmit powerfromthe generaling 1000 ‘
units to the distribution systems.

400

Electrical design of an AC system
involves (1) power flow
requirements, (2) system stability 200
and performance, (3} voltage level
selection, (4) VAR control, (5) 100
conductor selection, (8) losses,

(7) corona-related performance,  5g
(8) electromagnetic field effects,

(9) insolation and overvoltage
design, (10) switching, (11) circuit 20
breakers, {12) protective relaying.

Many of the above design 10
requirements are, of course,
important parameters found
throughout the entire AC
distribution system.

Power sharing, through system
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Notes

interconnection increases reliability and lowers overall power generation costs.
System interconnection requires monitoring and synchronization of (1) voltage
level, (2) voltage frequency, {3) and voitage time phase.

As with any electronic circuit, the transmission line has reactive components.
This reactive component shows itself as:

1) Series line resistance

2) Series line inductance

3) Line to line and line to ground capacitance
This line reactance is commonly called VAR (Voltage-Ampere-Reactance). A
heavily loaded transmission line will appear Inductive because of the large
magnetic field present. Large capacitors are inserted at the generating station
to balance this increase in inductance. A lighter loaded transmission line will
appear capacitive. Large inductors are switched in at the generating station to
balance this increase in capacitance.
Power Factor is the time/phase relationship of the voltage and current wave-
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Power Grid Schematic

forms. A highly reactive transmission line will have a low power factor causing
line voltage sag. The more resistive and less reactive the transmission line
appears, the higher the power factor. As a ratio of real power (watts) over
apparent power (Volt-Amperes), power factor can be determined by:

- Real Power
Apparent Power
Where:

Real Power = Walls
Apparent Power = Volts x Amps

Distribution Systems: Metropolitan distribution systemsare almost exclusively
three-phase Wye. Voltage levels do vary with distance:

1) 2.4KV to 7.5KV up to five mile radius of substation
2) 7.5KV to 20KV over five mile radius of substation

The neutral circuit must be a continuous metallic path along the primary routes
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of the feeder and to every user location. The neutral is grounded at each
distribution transformer, every 500 to 1,000 feet where no transformers are
connected, and to either a metal water pipe of a driven ground at the service
entrance.

Residential System - the typical system involves a single 2.4KV-7 5KV feeder,
with a grounded neutral running through the neighborhood. This feeder is the,
pericdically, transformed to 120/240 single phase. Atevery line pole transformer
the neutral is grounded on the primary side. The secondary center tap serves
as the neutral for the house and is grounded at the service entrance.

120vAC
x >
2
>
3
Y

120VAC

Utility Pole Breaker Box
30 Step-down 10 120V/240V
Transformer

Residential Power System

Commercial System - 2.4KV to 208 three phase transformation takes place at
the utility pole. The neutralis grounded at both the pole and the service entrance.
There can only be one service entrance location per building. Once inside the
building the setvice conductor feeds are routed to the distribution panel, and then
out to muitiple breaker panels servicing multiple outlets.

Amplifier AC Power Requirements

Utility Pole Breaker Box Breaker Box
33 Step-down 30 208V 13 120V/240V
Transformer

Commercial Power System

Current Draw - In order to correctly design for AC power current needs for each
amplifier need to be determined. All Crown amplifiers will have a quiesent level
of power drawn from the AC source. Summed with this value will be the output
power and a percentage of power labeled as the inefficiency factor. This
inefficiencyfactor value will be determined by the output power required fromthe
amplifier.

Example:

CT-800 with an 4 ochm load, both channels driven, 50% duty cycle:
AC draw in Watts: 765

Heal generated in BTU/Mr: 920

Basic assumptions:

Notes
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Amplifier efficiency at full rated output: 65%
Ambient power draw: 90W
Amplifier output power: Maximum Average rating at the load specified.

British Thermal Units (BTU) - Any audio product (especially amplifiers)

W, = (lv%‘;“’i‘> Duty Cycle + Quiescent Power

Where:
W,. = AC power from source, in Watts
n = Efficiency (typically 65%)
Duty Cycle = 50% Pink Noise

= 40% Compressed Mid-range Rock
= 30% Clean Full-range Rock
= 20% Acoustic Instrument
= 10% Continuous Speech

dissipate a certain quantity of power in the form of heat. An amplifier with a
quiesant power draw of 90 watts will dissipate this energy in the form of heat. In
large systems where dozens of amplifiers are housed in one room air condition-
ing may be required in order to maintain optimum performance. The quantity of
heat generated by the overall system can be calculated by the following formula:

In order 1o obtain the BTU value of the entire system add together all of the
individual values obtained brome the individual amplifiers.

Example:
A single CT-800 with a quiesent power draw of S0 walts would generate 307
BTU's (90 x 3.415).

BTU/Hr = 3.415 x Watts

Size of Service Conductors - Service conductors must have a current carrying
capacity to supply the load with minimums set by the National Electric Code
(N.E.C.). Design of aninstallation in accordance with the NEC (National Electric
Code) minimizes fire and accident hazards but does not guarantee the full
120VAC available at the AC receptacle. As conductor size increases, less line
loss, less line voltage sag, and less conductor heating will occur. The conductor
‘gauge vs amperage vs temperature’ standards are set by the NEC. Please
note, again, the NEC standards are minimums only. A 20 amp circuit will only
provide 20 amperes continuously without overheating the conductors. There is
no guarantee of the line voltage at the AC receptacle when this 20 amperes is
being drawn.,

AC Line Connector Type vs Amperage - Recepticles connected to circuits

15 AMPERE 20 AMPERE 30 AMPERE
RECEPTICLE PLUG RECEPTICLE PLUG RECEFTICLE PLUG
@

Connector vs Amperage

6 - AC Power



TABLE 19-21 Ampacities of Three Single-Insulated Conductors, Rated 0-200V,
in Underground Raceways (Three Conductors per Raceway)*

Based on ambient earth temperature of 20°C, raceway arrangement per Fig. 19-1, 100% load factor, thermal
resistance (RHO) of 90, conductor temperature 75°C

1 Racewa 3 Racewa 6 Racewa 1 Raceway 3 Raceway 6 Racewa
(Fig. 19-13 (Fig. 19-13 (Fig. 19-15 (Fig. 19-1) i .19-1) (Fig. 19-15
Detail 1 Detail 2 Detail 3 Detail 1 Detail 2 Detail 3
Types Types Types Types Types Types
*RHW,"THW, *RHW,THW, | *RHW, THW, *RHW,'THW, | *RHWTHW, | *RHW,THW,
Size: *THWN, *THWN, *THWN, *THWN, *THWN, *THWN,
Size: | "XHHW, “XHHW, “XHHW, “XHHW, “XHHW, “XHHW,
; *USE *USE *USE *"USE *USE *USE
MCM
Copper Aluminum or copper-clad aluminum
12 36" 31* 36* 28* 22 18*
10 46* 41* 46* 36" 31* 25*
8 58 51 58 45 40 34
6 77 67 77 80 52 44
4 100 86 36* 78 67 57
3 116 99 46* 91 77 65
2 132 112 58 103 a7 73
1 153 128 77 119 100 83
0 175 146 121 136 114 94
00 200 166 136 156 130 106
000 228 189 154 178 147 121
0000 263 215 175 205 168 137
250 290 236 192 227 185 150
300 321 260 210 252 204 165
350 351 283 228 276 222 179
400 376 302 243 297 238 191
500 427 341 273 338 270 216
600 468 KA 296 373 296 236
700 509 402 319 408 321 255
750 529 417 330 425 334 265
800 544 428 338 439 344 273
900 575 450 355 466 365 288

1000 605 472 372 494 385 304
Ambient For ambient temperatures other than 20°C multiply the ampacities shown above by the appropriate
temp. °C factor shown below.

6-10 109 1.09 1.09 1.09 1.09 1.09
11-15 1.04 1.04 1.04 1.04 1.04 1.04
16-20 1.00 1.00 1.00 1.00 1.00 1.00
21-25 0.95 0.95 0.95 0.95 0.95 0.95
26-30 0.90 0.90 0.90 0.90 0.90 0.80

*Effective January 1, 1978.

NOTE: The over current protection for conductor types marked with an astorisk (%) shall not exceed 20A for 12 AWG and
30A for 10 AWG copper: or 15A for 12 AWG and 25A for 10 AWG aluminum and copper-clad aluminum.

Wire Gauge/Ampacity Chart
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having different voltages, frequencies or types of currents (AC or DC) on the
same premises shall be of such design that the attachment plugs used on these
circuits are not interchangeable - N.E.C. ARTICLE 210-7{f).

High
Nomal Common
Outlet Mode Mode
Neutral
Common
) Mode
(@
f); Earth Ground
AC Line Noise

AC Line Noise - There are two classifications of noise found on AC power lines:

1) NMN-Normal Mode Noise refers to noise occurring between the two
current carrying conductors (hot and neutral). NMN is sometimes termed TMN,
or “Transverse Mode Noise”.

2} CMN-Common Mode Noise refers to noise occurring between one orboth
current carrying conductors and ground, producing voltage spikes between
ground and transformer primary.

Because the common mode transients are seldom exactly equal in phase and
magnitude, a considerable voltage difference can also exist between the two
current carrying conductors. It is not unusual to see both normal mode and
common mode transients at the same time. Suppression of CMN is animportant
attribute of a good suppressor because most equipment is mare susceptible to
CMN than to NMN.

3.) Noise Reduction
a.) Larger gauge conductors will result in lower DC resistance between
the neutral and ground, thus lowering the level of noise spikes {} R drop).
b.) Utilize separate breaker panels going back to the distribution panel
for noise sensitive and non-sensitive AC lines. This reduces resistance
between ground and neutral, which will transtate into a reduction in CMN or
NMN levels.

Lightning - Recognized as one of the nation’s worst threats to life, lightning is
also believed 1o have become the costliest weather related force. A typical
cloud-to-ground lightning strike is initiated when an avalanche of free electrons
sets off from the base of a thundercloud toward the intense positive charge that
has been building up below. As this first “stepped leader stroke” approaches
ground in discrete steps of 50 mS or more, a multitude of positive “point
discharge currents” strain upward toward it from the corners and edges of
buildings, trees, poles, vehicles, people and even blades of grass. When the
leader stroke is a step or more above effective ground, a positive streamer
shoots upward from a dominant pointed object. Whenthe positive stream meets
the negative leader, an ionized path is completed between cloud and earth.
Instantly an intensely luminous “return stroke” takes place.

Lightning currents very from a few thousand to more than 300,000 amperes.
30MV of potential is perhaps average among destructive strikes. Atypical st rike
consists of a downward stepped leader stroke of free electrons which ionizes a
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