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1-2 Electrical Principles

1.1.1 Basic Circuit Components
A Circuit is a closed path through which an electric current flows. 
An electric circuit is formed when a conductive path is created 
to allow free electrons to continuously move. If you think of your 
home, typically each room is serviced by a dedicated electrical 
circuit, protected by a circuit breaker in the main service panel— 
that way you can turn sections of your home ON or OFF without 
affecting the entire house.

1.1.2 Ohm’s Law
Ohm’s Law defines the relationship between power (P), voltage 
(E), current (I), and resistance (R). Ohm’s law states that the 
current through a conductor between two points is directly 
proportional to the potential difference or voltage across the two 
points, and inversely proportional to the resistance between them.

Circuits

V R

(P) Power is related to time. It is measured of Joules of work per unit of time. 
The unit of power is the Watt. When you think of the power used by a circuit, 
it is in terms of the number of Watts by the circuit. 
Power is the amount of current times the voltage level at a given point 
measured in Watts.

(E) Voltage is the existence of a potential (charge) difference between two 
objects or points in a circuit. Its the force motivating electrons to flow in a 
circuit. Voltage is measured in volts (V).

(I) Current is the flow of electricity passing through a point in a wire or circuit. 
Current is measured in amperes or amps (A). For example, think of a river 
and the amount of water (current) passing a point in front of you. Current 
flows from negative to positive on the surface of a conductor. 

(R) Resistance determines how much current will flow through a component. 
Resistors are used to control voltage and current levels. A very high 
resistance allows a small amount of current to flow. A very low resistance 
allows a large amount of current to flow. Resistance is measure in ohms (Ω). 
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There are three basic Ohm’s Law formulas:
I=E/R Amperes=Volts/Ohms
R=E/I Ohms=Volts/Amperes
E=I*R Volts=Amperes*Ohms

Circuits
1
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Example: An appliance is rated at 1200 Watts, and is connected 
to 120 Volts. 
I = amps = 10
E = volts = 120
R = ohms = 12Ω
P = watts = 1200

How much current will it draw?
Amperes = Watts/Volts I = P/E I = 1200/120 = 10 A
What is the Resistance of the same appliance?
Ohms = Volts/Amperes R = E/I R = 120/10 = 12 Ohms

1.1.3 Series Circuits
A series circuit is a circuit comprised solely of components 
connected in a series and has only one path through which the 
electrons may flow. The current through each of the components 
is the same, and the voltage across the components is the sum 
of the voltages across each component. Every device in a series 
circuit must function for the circuit to be complete.

• The total current in a series circuit is equal to the current in 
any other part of the circuit.
Total Current = IT = I1 = I2 = I3 =... IN

• The total voltage in a series circuit is equal to the sum of the 
voltages across all parts of the circuit.
Total Voltage = ET = E1 + E2 + E3 +... EN
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Circuits

• The total resistance of a series circuit is equal to the sum of 
the resistance of all parts of the circuit.
Total Resistance = RT = R1 + R2 + R3 +... RN

1.1.4 Parallel Circuits
A parallel circuit is a circuit that is connected completely in parallel 
and has more than one path through which electrons flow. The 
voltage across each of the components is the same and the total 
current is the sum of the currents through each component. Each 
device in a parallel circuit has its own circuit and can function 
independently of the other devices.

• The total current in a parallel circuit is equal to the sum of the 
currents in all the branches of the circuit.
Total Current = IT = I1 + I2 + I3 +... IN

• The total voltage across any branch in parallel is equal to 
the voltage across any other branch and is also equal to the 
total voltage.
Total Voltage = ET = E1 = E2 = E3 =... EN

• The total resistance of a parallel circuit is found by applying 
Ohms's Law to the total values of the circuit.
Total Resistance = Total Voltage/Total Amperes OR RT = ET/IT

Electrical Formulas

1.2.1 Amperes
To Find Amperes
Direct Current:
A. When Horsepower is known:

AMPERES = or  I =
HORSEPOWER x 746
VOLTS x EFFICIENCY

HP x 746
E x %EFF

What current will a travel-trailer toilet draw when equipped with a 
12 Volt, 1/8-HP motor, having a 96% efficiency rating?

AMPERES = = = = 8.09 AMPS
HP x 746
E x %EFF

746 x 1/8 
12 x 0.96

93.25 
11.52

B. When Kilowatts are known:

AMPERES = or  I =
KILOWATTS x 1000

VOLTS
KW x 1000 

E
A 75KW, 240V direct current generator is used to power a 
variable speed conveyor belt at a rock crushing plant. Determine 
the current.

I = = = 312.5 AMPS
KW x 1000

E
75 x 1000 

240
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1
Electrical Formulas

Single Phase:
When Watts, Volts, and Power Factor are known:

AMPERES = or
__________WATTS_______
VOLTS x POWER FACTOR

___P__
E x PF

Determine the current when a circuit has a 1500 Watt load, 
a power factor of 86% and operates from a single-phase, 
230 Volt source.

I = = = 7.58 AMPS
_1500P_

230 x 0.86
1500 
197.8

Three Phase:
When Watts, Volts, and Power Factor are known:

AMPERES = 

or I = 

____________HORSEPOWER x 746____________
VOLTS x EFFICIENCY x POWER FACTOR x 1.73

_KW x 1000_
E x PF x 1.73

Determine the current when a circuit has a 1500 Watt load, 
a power factor of 86% and operates from a three-phase, 
230 Volt source.

I =

I =  4.4 AMPS

= =
_____P_____
E x PF x 1.73

_____1500_____ 
230 x 0.86 x 1.73

1500
342.2

1.2.2 Horsepower
To Find Horsepower
Direct Current:

HORSEPOWER = 
VOLTS x AMPERES x EFFICIENCY

746

A 12 Volt motor draws a current of 8.09 amperes and has an 
efficiency rating of 96%. Determine the horsepower.

HP = = =

HP = 0.1249 = 1/8HP

E x I x %EFF
746

12 x 8.09 x 0.96 
746

93.19 
746

Single Phase:

HP = 
VOLTS x AMPERES x EFFICIENCY x POWER FACTOR

746

A single phase, 115 Volt AC motor has an efficiency rating of 
92% and a power factor of 80%. Determine the horsepower if the 
amp-load is 4.4 amperes.

HP = =
E x I x %EFF x PF

746
115 x 4.4 x 0.92 x 0.80 

746

HP = = 0.4992 = 1/2HP
372.416 

746
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Electrical Formulas

Three Phase:

HP = 
VOLTS x AMPERES x EFFICIENCY x POWER FACTOR x 1.73

746

A three phase, 460 Volt motor draws a current of 52 amperes. 
The motor has an efficiency rating of 94% and a power factor of 
80%. Determine the horsepower.

HP = =
E x I x %EFF x PF x 1.73

746
460 x 52 x 0.94 x 0.80 x 1.73 

746

HP = 41.7HP

1.2.3 Kilowatts
To Find Kilowatts
Direct Current:

KILOWATTS = 
VOLTS x AMPERES

1000
A 120 Volt DC motor draws a current of 40 amperes. Determine 
the kilowatts.

KW = = = = 4.8KW
E x I
1000

120 x 40 
1000

4800 
1000

Single Phase:

KILOWATTS = 
VOLTS x AMPERES x POWER FACTOR

1000

A single phase, 115 Volt AC motor draws a current of 20 amperes 
and has a power factor of 86%. Determine the horsepower if the 
amp-load is 4.4 amperes.

KW = = = = 1.978 = 2KW
E x I x PF

1000
115 x 20 x 0.86 

1000
1978 
1000

Three Phase:

KILOWATTS = 
VOLTS x AMPERES x POWER FACTOR x 1.73

1000

A single phase, 460 Volt AC motor draws a current of 52 amperes 
and has a power factor rating of 80%. Determine the horsepower.

= 33.105 = 33KW33,105 
1000

KW = =
E x I x PF x 1.73

1000
460 x 52 x 0.80 x 1.73 

1000

= 

1.2.4 KVA
To Find Kilovolt-Amperes
Single Phase

KILOVOLT-AMPERES = 
VOLTS x AMPERES

1000
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Electrical Formulas

A single phase, 240 Volt generator delivers 41.66 amperes at full 
load. Determine the Kilovolt-amperes rating.

KILOVOLT-AMPERES = 
VOLTS x AMPERES x 1.73

1000

Three Phase:

HP = 
VOLTS x AMPERES x EFFICIENCY x POWER FACTOR x 1.73

746

A three phase, 460 Volt generator delivers 52 amperes. 
Determine the kilovolt-amperes rating.

KVA = = =
E x I x 1.73

1000
460 x 52 x 1.73 

1000
41,382 
1000

= 41.382 = 41KVA

E=Volts, I=Amperes, W=Watts, PF=Power Factor, 
Eff=Efficiency, HP=Horsepower

AC/DC Electrical Formulas

To Find
Direct 

Current

Alternating Current

Single Phase Three Phase

Amps when 
Horsepower 
is known

HP x 746
E x %Eff

HP x 746
E x %Eff x PF

HP x 746
1.73 x E x %Eff 

x PF

Amps when
Kilowatts are 
known

kW x 1000
E

kW x 1000
E x PF

kW x 1000
1.73 x E x PF

Amps when
kVA is known

kVA x 1000
E

kVA x 1000
1.73 x E

Kilowatts
I x E
1000

I x E x PF
1000

I x E x 1.73 PF
1000

Kilovolt-Amps
I x E
1000

I x E x 1.73
1000

Horsepower 
(output)

I x E x Eff
746

I x E x Eff x PF
746

I x E x Eff x 1.73 
x PF
746

AC Efficiency and Power Factor Formulas

To Find Single Phase Three Phase

Efficiency
746 x HP
E x I x PF

746 x HP
E x I x PF x 1.732

Power Factor
Input Watts

V x A
Input Watts
E x I x 1.732
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Electrical Definitions (AC/DC Basics)

1.3.1 Voltage
Voltage, also called electromotive force, is a quantitative 
expression of the potential difference in charge between two 
points in an electrical field. The greater the voltage, the greater 
the flow of electrical current (that is, the quantity of charge carriers 
that pass a fixed point per unit of time) through a conducting 
or semiconducting medium for a given resistance to the flow. 
Voltage is symbolized by an uppercase italic letter V or E. The 
standard unit is the volt, symbolized by a non-italic uppercase 
letter V.
 
Voltage can be direct or alternating. A direct voltage maintains the 
same polarity at all times. In an alternating voltage, the polarity 
reverses direction periodically. The number of complete cycles 
per second is the frequency, which is measured in hertz (one 
cycle per second), kilohertz, megahertz, gigahertz, or terahertz. 
An example of direct voltage is the potential difference between 
the terminals of an electrochemical cell. Alternating voltage exists 
between the terminals of a common utility outlet.

1.3.2 Current

DC stands for “Direct Current,” meaning voltage or current that 
maintains constant polarity or direction, respectively, over time.

AC stands for “Alternating Current,” meaning voltage or current 
that changes polarity or direction, respectively, over time.

DIRECT CURRENT
(DC)

ALTERNATING CURRENT
(AC)

1 1

1 1

1.3.3 Capacitance
Capacitance is the ability of a body to hold an electrical charge 
and also a measure of the amount of electrical energy stored (or 
separated) for a given electrical potential. Expressed in farads.
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Electrical Definitions (AC/DC Basics)

1.3.4 Inductance
Inductance is the property of an electrical circuit causing voltage 
to be generated proportional to the rate of change in current in a 
circuit. Expressed in Henrys.

1.3.5 Impedance
Impedance is the total opposition to alternating current by an 
electric circuit, equal to the square root of the sum of the squares 
of the resistance and reactance of the circuit. Usually expressed 
in Ohms.

1.3.6 Reactance
Reactance in a circuit is the opposition to an alternating current 
due to capacitance (capacitive resistance) or inductance 
(inductive reactance). Expressed in Ohms.

1.3.7 Phase Angle
A phase angle of a periodic wave refers to the number of suitable 
units of angular measure between a point on the wave and a 
reference point.

1.3.8 Peak-to-Peak Waveforms
Peak-to-peak (P-P) amplitude is the total height of an AC 
waveform as measured from maximum positive to maximum 
negative peaks on a graph.

Example when to use: when rating insulators for service in high-
voltage AC applications, peak voltage measurements are the 
most appropriate, because the principal concern here is insulator 
“flashover” caused by brief spikes of voltage, irrespective of time.

Peak-to-Peak

Time
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1.3.9 RMS Diagram Waveforms
RMS stands for Root Mean Square and is a way of expressing an 
AC quantity of voltage or current in terms functionally equivalent 
to DC. For example, 10 volts AC RMS is the amount of voltage 
that would produce the same amount of heat dissipation across a 
resistor of given value as a 10 volt DC power supply. Also known 
as the “equivalent” or “DC equivalent” value of an AC voltage or 
current. For a sine wave, the RMS value is approximately 0.707 of 
its peak value.

Example when to use: when determining the proper size of wire 
(ampacity) to conduct electric power from a source to a load, 
RMS current measurement is the best to use, because the 
principal concern with current is overheating of the wire, which 
is a function of power dissipation caused by current through the 
resistance of the wire.

1.3.10 Sinusoidal Waveforms
A sinusoidal (sine) wave is a wave that over time starts at zero, 
increases to a maximum value, then decreases to a minimum 
value, and repeats. Generally, any waveshape bearing close 
resemblance to a perfect sine wave is termed Sinusoidal.

1.3.11 Phasors
A phasor (phase vector) is a representation of a sine wave whose 
amplitude, phase, and frequency are time-invariant. A phasor 
is also referred to as a sinor. With phasors, the techniques for 
solving DC circuits can be applied to solve AC circuits.
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Conductors
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Conductors

2

The following tables 310.16 through 310.21 are referenced from the 2011 
National Electrical Code®

Table 310.15(B)(16) (formerly Table 310.16) Allowable Ampacities of Insulated 
Conductors Rated Up to and Including 2000 Volts, 60°C Through 90°C (140°F 
Through 194°F), Not More Than Three Current-Carrying Conductors in Raceway, 
Cable, or Earth (Directly Buried), Based on Ambient Temperature of 30°C (86°F)*

Temperature Rating of Conductor 
[See Table 310.104(A).]

60°C 
(140°F)

75°C 
(167°F)

90°C
(194°F)

60°C 
(140°F)

75°C 
(167°F)

90°C 
(194°F)

Size 
AWG 
or 
kcmil

Types 
TW, 
UF

Types 
RHW, 
THHW, 
THW, 
THWN, 
XHHW, 
USE, 
ZW

Types 
TBS, SA, 
SIS, FEP, 
FEPB, 
MI, 
RHH, 
RHW-2, 
THHN, 
THHW, 
THW-2, 
THWN-
2, USE-
2, XHH, 
XHHW, 
XHHW-
2, ZW-2

Types 
TW, 
UF

Types 
RHW, 
THHW, 
THW, 
THWN, 
XHHW, 
USE

Types 
TBS, 
SA, SIS, 
THHN, 
THHW, 
THW-2, 
THWN-2, 
RHH, 
RHW-2, 
USE-2, 
XHH, 
XHHW, 
XHHW-2, 
ZW-2

COPPER
ALUMINUM OR COPPER-
CLAD ALUMINUM

Size 
AWG 
or 
kcmil

18**
16**
14**
12**
10**

8

—
—
15
20
30
40

—
—
20
25
35
50

14
18
25
30
40
55

—
—
—
15
25
35

—
—
—
20
30
40

—
—
—
25
35
45

—
—
—

12**
10**

8
6
4
3
2
1

55
70
85
95
110

65
85
100
115
130

75
95
115
130
145

40
55
65
75
85

50
65
75
95
100

55
75
85
100
115

6
4
3
2
1

1/0
2/0
3/0
4/0

125
145
165
195

150
175
200
230

170
195
225
260

100
115
130
150

120
135
155
180

135
150
175
205

1/0
2/0
3/0
4/0

*Refer to 310.15(B)(2) for the ampacity correction factors where the ambient temperature is other than 30°C (86°F).
**Refer to 240.4(D) for conductor overcurrent protection limitations.

Reprinted with permission from NFPA 70®-2011, National Electrical Code®, Copyright © 
2010, 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.
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Table 310.15(B)(16) continued

Table 310.15(B)(16) (formerly Table 310.16) Allowable Ampacities of Insulated 
Conductors Rated Up to and Including 2000 Volts, 60°C Through 90°C (140°F 
Through 194°F), Not More Than Three Current-Carrying Conductors in Raceway, 
Cable, or Earth (Directly Buried), Based on Ambient Temperature of 30°C (86°F)*

Temperature Rating of Conductor [See Table 310.104(A).]

60°C 
(140°F)

75°C 
(167°F)

90°C
(194°F)

60°C 
(140°F)

75°C 
(167°F)

90°C 
(194°F)

Size 
AWG 
or 
kcmil

Types 
TW, 
UF

Types 
RHW, 
THHW, 
THW, 
THWN, 
XHHW, 
USE, 
ZW

Types 
TBS, SA, 
SIS, FEP, 
FEPB, 
MI, 
RHH, 
RHW-2, 
THHN, 
THHW, 
THW-2, 
THWN-
2, USE-
2, XHH, 
XHHW, 
XHHW-
2, ZW-2

Types 
TW, 
UF

Types 
RHW, 
THHW, 
THW, 
THWN, 
XHHW, 
USE

Types 
TBS, 
SA, SIS, 
THHN, 
THHW, 
THW-2, 
THWN-
2, RHH, 
RHW-2, 
USE-2, 
XHH, 
XHHW, 
XHHW-
2, ZW-2

COPPER
ALUMINUM OR COPPER-
CLAD ALUMINUM

Size 
AWG 
or 
kcmil

250
300
350
400
500

215
240
260
280
320

255
285
310
335
380

290
320
350
380
430

170
195
210
225
260

205
230
250
270
310

230
260
280
305
350

250
300
350
400
500

600
700
750
800
900

350
385
400
410
435

420
460
475
490
520

475
520
535
555
585

285
315
320
330
355

340
375
385
396
425

385
425
435
445
480

600
700
750
800
900

1000
1250
1500
1750
2000

455
495
525
545
555

545
590
625
650
665

615
665
705
735
750

375
405
435
455
470

445
485
520
545
560

500
545
585
615
630

1000
1250
1500
1750
2000

*Refer to 310.15(B)(2) for the ampacity correction factors where the ambient temperature is other than 30°C (86°F).
**Refer to 240.4(D) for conductor overcurrent protection limitations.

Reprinted with permission from NFPA 70®-2011, National Electrical Code®, Copyright © 
2010, 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.
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Table 310.15(B)(17) (formerly Table 310.17) Allowable Ampacities of Single-Insulated 
Conductors Rated Up to and Including 2000 Volts in Free Air, Based on Ambient 
Temperature of 30°C (86°F)*

Temperature Rating of Conductor [See Table 310.104(A).]

60°C 
(140°F)

75°C 
(167°F)

90°C
(194°F)

60°C 
(140°F)

75°C 
(167°F)

90°C 
(194°F)

Types 
TW, 
UF

Types 
RHW,
THHW, 
THW,
THWN,
XHHW, 
ZW

Types 
TBS, SA, 
SIS,
FEP, 
FEPB, 
MI, 
RHH,
RHW-2, 
THHN, 
THHW,
THW-2, 
THWN-
2,
USE-2, 
XHH, 
XHHW,
XHHW-
2, ZW-2

Types 
TW, 
UF

Types 
RHW,
THHW, 
THW,
THWN,
XHHW

Types 
TBS, SA, 
SIS,
THHN, 
THHW,
THW-2, 
THWN-2,
RHH, 
RHW-2, 
USE-2,
XHH, 
XHHW,
XHHW-
2, ZW-2

Size 
AWG 
or 
kcmil

COPPER
ALUMINUM OR COPPER-
CLAD ALUMINUM

Size 
AWG 
or 
kcmil

18**
16**
14**
12**
10**

8

—
—
25
30
40
60

—
—
30
35
50
70

18
24
35
40
55
80

—
—
—
25
35
45

—
—
—
30
40
55

—
—
—
35
45
60

—
—
—

12**
10**

8

6
4
3
2
1

80
105
120
140
165

95
125
145
170
195

105
140
165
190
220

60
80
95
110
130

75
100
115
135
155

85
115
130
150
175

6
4
3
2
1

1/0
2/0
3/0
4/0

195
225
260
300

230
265
310
360

260
300
350
405

150
175
200
235

180
210
240
280

205
235
270
315

1/0
2/0
3/0
4/0

*Refer to 310.15(B)(2) for the ampacity correction factors where the ambient temperature is other than 30°C (86°F).
**Refer to 240.4(D) for conductor overcurrent protection limitations.

Reprinted with permission from NFPA 70®-2011, National Electrical Code®, Copyright © 
2010, 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.
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Table 310.15(B)(17) continued
Table 310.15(B)(17) (formerly Table 310.17) Allowable Ampacities of Single-Insulated 
Conductors Rated Up to and Including 2000 Volts in Free Air, Based on Ambient 
Temperature of 30°C (86°F)*

Temperature Rating of Conductor [See Table 310.104(A).]

60°C 
(140°F)

75°C 
(167°F)

90°C
(194°F)

60°C 
(140°F)

75°C 
(167°F)

90°C 
(194°F)

Types 
TW, 
UF

Types 
RHW,
THHW, 
THW,
THWN,
XHHW, 
ZW

Types 
TBS, SA, 
SIS,
FEP, 
FEPB, 
MI, 
RHH,
RHW-2, 
THHN, 
THHW,
THW-2, 
THWN-
2,
USE-2, 
XHH, 
XHHW,
XHHW-
2, ZW-2

Types 
TW, 
UF

Types 
RHW,
THHW, 
THW,
THWN,
XHHW

Types 
TBS, SA, 
SIS,
THHN, 
THHW,
THW-2, 
THWN-2,
RHH, 
RHW-2, 
USE-2,
XHH, 
XHHW,
XHHW-
2, ZW-2

Size 
AWG 
or 
kcmil

COPPER
ALUMINUM OR COPPER-
CLAD ALUMINUM

Size 
AWG 
or 
kcmil

250
300
350
400
500

340
375
420
455
515

405
455
505
545
620

455
500
570
615
700

265
290
330
355
405

315
350
395
425
485

355
395
445
480
545

250
300
350
400
500

600
700
750
800
900

575
630
655
680
730

690
755
785
815
870

780
850
885
920
980

455
500
515
535
580

545
595
620
645
700

615
670
700
725
790

600
700
750
800
900

1000
1250
1500
1750
2000

780
890
980
1070
1155

935
1065
1175
1280
1385

1055
1200
1325
1445
1560

625
710
795
875
960

750
855
950
1050
1150

845
965
1070
1185
1295

1000
1250
1500
1750
2000

*Refer to 310.15(B)(2) for the ampacity correction factors where the ambient temperature is other than 30°C (86°F).
**Refer to 240.4(D) for conductor overcurrent protection limitations.

Reprinted with permission from NFPA 70®-2011, National Electrical Code®, Copyright © 
2010, 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.
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Table 310.15(B)(18) (formerly Table 310.18) Allowable Ampacities of Insulated 
Conductors Rated Up to and Including 2000 Volts, 150°C Through 250°C (302°F 
Through 482°F). Not More Than Three Current-Carrying Conductors in Raceway or
Cable, Based on Ambient Air Temperature of 40°C (104°F)*

Temperature Rating of Conductor [See Table 310.104(A).]

150°C 
(302°F)

200°C
(392°F)

250°C
(482°F)

150°C
(302°F)

Type Z
Types FEP, 
FEPB, PFA, SA

Types PFAH, TFE Type Z

Size 
AWG 
or 
kcmil

COPPER
NICKEL OR 
NICKEL-COATED 
COPPER

ALUMINUM OR
COPPER-CLAD
ALUMINUM

Size 
AWG 
or 
kcmil

14
12
10
8

34
43
55
76

36
45
60
83

39
54
73
93

—
30
44
57

14
12
10
8

6
4
3
2
1

96
120
143
160
186

110
125
152
171
197

117
148
166
191
215

75
94
109
124
145

6
4
3
2
1

1/0
2/0
3/0
4/0

215
251
288
332

229
260
297
346

244
273
308
361

169
198
227
260

1/0
2/0
3/0
4/0

*Refer to 310.15(B)(2) for the ampacity correction factors where the ambient temperature is other than 40°C (104°F).

Table 310.15(B)(19) (formerly Table 310.19) Allowable Ampacities of Single-Insulated 
Conductors, Rated Up to and Including 2000 Volts, 150°C Through 250°C (302°F 
Through 482°F), in Free Air, Based on Ambient Air Temperature of 40°C (104°F)*

Temperature Rating of Conductor [See Table 310.104(A).]

150°C 
(302°F)

200°C
(392°F)

250°C
(482°F)

150°C
(302°F)

Type Z
Types FEP, 
FEPB, PFA, SA

Types PFAH, TFE Type Z

Size 
AWG 
or 
kcmil

COPPER
NICKEL OR 
NICKEL-COATED 
COPPER

ALUMINUM OR
COPPER-CLAD
ALUMINUM

Size 
AWG 
or 
kcmil

14
12
10
8

46
60
80
106

54
68
90
124

59
78
107
142

—
47
63
83

14
12
10
8

6
4
3
2
1

155
190
214
255
293

165
220
252
293
344

205
278
327
381
440

112
148
170
198
228

6
4
3
2
1

1/0
2/0
3/0
4/0

339
390
451
529

399
467
546
629

532
591
708
830

263
305
351
411

1/0
2/0
3/0
4/0

*Refer to 310.15(B)(2) for the ampacity correction factors where the ambient temperature is other than 40°C (104°F).

Reprinted with permission from NFPA 70®-2011, National Electrical Code®, Copyright © 
2010, 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.
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Table 310.15(B)(20) (formerly Table 310.20) Ampacities of Not More Than Three 
Single Insulated Conductors, Rated Up to and Including 2000 Volts, Supported on a 
Messenger, Based on Ambient Air Temperature of 40°C (104°F)*

Temperature Rating of Conductor [See Table 310.104(A).]

75°C (167°F)
90°C
(194°F)

75°C
(167°F)

90°C
(194°F)

Types RHW, 
THHW, 
THW, 
THWN, 
XHHW, ZW

Types MI, 
THHN, THHW, 
THW-2, 
THWN-2, RHH, 
RHW-2, USE-2, 
XHHW, XHHW-
2, ZW-2

Types RHW, 
THW, THWN, 
THHW, XHHW

Types THHN, 
THHW, RHH, 
XHHW, RHW-
2, XHHW-2, 
THW-2, 
THWN-2, USE-
2, ZW-2

Size 
AWG 
or 
kcmil

COPPER
ALUMINUM OR COPPER-CLAD 

ALUMINUM

Size 
AWG 
or 
kcmil

8
6
4
3
2
1

57
76
101
118
135
158

66
89
117
138
158
185

44
59
78
92
106
123

51
69
91
107
123
144

8
6
4
3
2
1

1/0
2/0
3/0
4/0

183
212
245
287

214
247
287
335

143
165
192
224

167
193
224
262

1/0
2/0
3/0
4/0

250
300
350
400
500

320
359
397
430
496

347
419
464
503
580

251
282
312
339
392

292
328
364
395
458

250
300
350
400
500

600
700
750
800
900
1000

553
610
638
660
704
748

647
714
747
773
826
879

440
488
512
532
572
612

514
570
598
622
669
716

600
700
750
800
900
1000

*Refer to 310.15(B)(2) for the ampacity correction factors where the ambient temperature is other than 40°C (104°F).

Reprinted with permission from NFPA 70®-2011, National Electrical Code®, Copyright © 
2010, 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.
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Table 310.15(B)(21) (formerly Table 310.21) Ampacities of Bare or Covered 
Conductors in Free Air, Based on 40°C (104°F) Ambient, 80°C (176°F) Total 
Conductor Temperature, 610 mm/sec (2 ft/sec) Wind Velocity

Copper Conductors AAC Aluminum Conductors

Bare Covered Bare Covered

AWG 
or
kcmil

Amperes
AWG 
or
kcmil

Amperes
AWG 
or
kcmil

Amperes AWG or
kcmil Amperes

8
6
4
2

1/0
2/0
3/0
4/0
250
300
500
750
1000
—
—
—
—
—
—
—

98
124
155
209
282
329
382
444
494
556
773
1000
1193

—
—
—
—
—
—
—

8
6
4
2

1/0
2/0
3/0
4/0
250
300
500
750
1000

—
—
—
—
—
—
—

103
130
163
219
297
344
401
466
519
584
812
1050
1253

—
—
—
—
—
—
—

8
6
4
2

1/0
2/0
3/0
4/0

266.8
336.4
397.5
477.0
556.5
636.0
795.0
954.0
1033.5
1272
1590
2000

76
96
121
163
220
255
297
346
403
468
522
588
650
709
819
920
968
1103
1267
1454

8
6
4
2

1/0
2/0
3/0
4/0

266.8
336.4
397.5
477.0
556.5
636.0
795.0

—
1033.5
1272
1590
2000

80
101
127
171
231
268
312
364
423
492
548
617
682
744
860
—

1017
1201
1381
1527

Reprinted with permission from NFPA 70®-2011, National Electrical Code®, Copyright © 
2010, 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.
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3-2 Outside Plant

Power Supplies

3.1.1 Definition of UPS (standby) and non-standby,  
 ferroresonant advantages, sinusoidal and square 
 wave output wave forms
UPS (standby):
Uninterruptible Power Supply — a device that provides 
battery backup when the electrical power fails or drops to an 
unacceptable level. Typically, power supplies consist of 
the following:

• Transformer module, which acts as a stand-alone line 
conditioner. The transformer module contains a ferroresonant 
transformer, resonant capacitor, transfer isolation relay, 
Power Distribution Board and the optional Protective 
Interface Module (PIM) board.

• Inverter module, which is required for standby operations 
and contains circuitry needed for the three-stage 
temperature-compensated battery charger, DC to AC 
converter (inverter), AC line detectors and Smart Display.

• Optional communications module, used to provide external 
status monitoring and communications.

UPS (standby) diagram - See page 3-3

Ferroresonant Transformers:
Ferroresonant transformers offer a proven, robust, cost-effective 
solution to the powering demands of the environmentally-
challenging conditions found throughout a cable TV plant.

Advantages:

1. Immunity to lightning strikes

2. Tolerance for overloads

3. Resistance to physical damage
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Below: UPS (standby) diagram
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The ferroresonant transformer offers inherent voltage regulation 
through the nonlinear properties of the saturable magnetic steel 
from which the ferroresonant transformer is conducted. As the 
RMS output voltage changes, the flux in the secondary steel 
of the ferroresonant transformer changes, too. In effect, the 
ferroresonant transformer is a closed-loop system. Unlike more 
conventional closed-loop feedback systems, the loop dynamics 
are not tightly controlled in a ferroresonant transformer. Because 
of the economics, the magnetic characteristic of each and every 
lamination which is placed into these ferroresonant transformers is 
not individually characterized. Also, the exceptional cost benefits 
of a ferroresonant transformer are diminished by the addition of 
electronic components. In a lightly-loaded condition, loop gain is 
the highest, and in some sample of ferroresonant transformers, 
instability in the ferroresonant transformer results. It is this instability 
which causes extra RMS current flow in the resonant winding.

AC Line Operation:
During AC line operation, utility power is routed into the primary 
winding of the ferroresonant transformer through the contacts of 
the transfer isolation relay. Simultaneously, the inverter power is 
directed to the rectifier circuitry providing power for the control 
circuitry. The bidirectional inverter also serves as a battery charger 
during line operation. The ferroresonant transformer and an AC 
capacitor from the resonant tank circuit, which provides excellent 
noise and spike attenuation, output short circuit current limiting 
and output voltage regulation. The ferroresonant transformer 
produces a quasi-square wave output which resembles a 
rounded square wave.

When the incoming AC line voltage drops or rises significantly or 
a complete power outage occurs, the control logic's line monitor 
activates standby operation. During the transfer from AC line to 
standby operation, the battery powered inverter comes online 
as the isolation relay switches to prevent AC power from back-
feeding to the utility. The energy contained in the ferroresonant 
transformer continues to supply power to the load. The following 
changes also occur within the power supply:

• The isolation relay opens to disconnect the AC line from the 
primary winding of the ferroresonant transformer.

• The control logic drives the inverter FETs on and off at line 
frequency. This switching action converts the DC battery current 
into AC current in the inverter windings of the ferroresonant 
transformer, providing regulated power to the load.
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• The control logic, which includes a microprocessor and other 
circuits to protect the inverter FETs from overcurrent damage, 
monitors the condition of the batteries and the inverter during 
standby operation. Since a prolonged AC line outage would 
severely discharge the batteries, resulting in permanent 
damage, the control logic disables the inverter when the 
batteries drop to approximately 10.5Vdc per battery (31.5Vdc 
in a three-battery set or 42Vdc in a four-battery set).

When acceptable AC line voltage returns, the power supply 
returns to AC line operation after a 20 to 40 second lag. This 
delay lets the AC line voltage and frequency stabilize before the 
control logic phase-locks the inverter's output to the utility input. 
The control logic then de-energizes the isolation relay, reconnects 
the AC line to the primary of the ferroresonant transformer and 
disables (turns off) the inverter. This results in a smooth, in-phase 
transfer back to utility power without interruption of service to the 
load. The battery charging circuit then activates to recharge the 
batteries in preparation for the next power outage.

3.1.2 Non-standby power supply
Definition: Non-standby power supplies provide conditioned 
power to signal amplifiers in cable television and broadband 
distribution systems. Design typically consists of a baseplate, 
transformer assembly and enclosure cover, which supplies 
the load with current-limited, regulated AC power that is free 
from spikes, surges and other forms of power line transients. 
The design supports easy upgrades simply by replacing the 
transformer assembly. An ideal efficiency rating is 90% or better.

Non-standby power supplies include an AC input circuit breaker, 
output fuse, output receptacle, VSF fitting and external grounding 
clamp. They are generally mounted on poles, walls, rack shelves, 
or pedestals. Operator controls are inside the enclosure on the 
main transformer assembly.

Operating Principle: The modular transformer assembly 
contains the ferroresonant transformer, resonant circuit 
capacitor, and control panel with line input circuit breaker 
and output fuse assembly.
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Ferroresonant Transformer: Typical non-standby power supplies 
would use ferroresonant transformer technology to provide line 
conditioning and voltage regulation. The primary and secondary 
winding of the transformer are physically isolated from each other 
by a large steel core which significantly reduces the capacitive 
coupling of spikes and noise to the secondary winding. This 
provides a regulated, current-limited output with excellent 
isolation and noise attenuation, (120dB common mode and 60dB 
transverse mode).

Another unique feature of the ferroresonant transformer is its 
ability to provide current limiting in the event of a short circuit. 
This effect is called foldback. The transformer's output current 
can typically reach 150% of the nameplate output current rating 
for a short period of time without damage to the transformer. 
When the transformer reaches the saturation point, the output 
current will decrease (folding on itself) to a minimum value, and 
thereby provide current limiting. Designs based on ferroresonant 
transformer are extremely rugged and reliable offering many years 
of trouble-free operation.

Resonant Circuit Capacitor: An oil-filled resonant AC capacitor is 
connected to the resonant (secondary) winding of the transformer 
forming a tank circuit. This provides the resonant circuit function 
which contributes to the voltage regulation of the supply. The 
advantage of this type of transformer/capacitor design is the 
ability of the ferroresonant transformer to regulate its output 
voltage over a wide range of input voltages and output loading. 
Typical output voltages may vary ±3% to 5%, with input voltages 
variations of ±15% of nominal line voltages, and output loading 
of 20% to 100%. This tight regulation is advantageous in cable 
television applications as the active devices are protected from 
dangerous voltage fluctuations.

Non-standby block diagram - See page 3-7
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Below Non-Standby Block Diagram
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3.1.3 Advantages of 90Vac over 60Vac
90Vac provides greater network efficiency by decreasing the I2R 
loses vs. using 60Vac. In addition, 90Vac provides a longer reach 
so that a single power supply can support more active devices 
given that the low voltage cutoff for a device to operate properly 
is approximately 46Vac. The net result is that you can use less 
power supplies to support your network.

3.1.4 Efficiency, load matching of power supplies 
 within network
Typical loading of a Ferroresonant power supply
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If using Alpha power supplies, you can refer to the following chart 
to optimize efficiency and load matching.

XM2-HP 
Maximum 
Efficiency 

Range

XM2
Maximum
Efficiency 

Range

Network
Load

North American
Markets

XM2-924HP

XM2-922

XM2-918HP

XM2-915

XM2-910

XM2-906HP

24 Amps
(90V)

22

20

18

16

14

12

10

8

6

4

2

Application Guideline

XM2-300HP*

3.1.5 Measuring output, input and battery voltages 
 with DMM
When measuring the output AC voltage from a power supply it is 
necessary to have a DMM (Digital MultiMeter) that is TRUE RMS.
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3.1.6 Battery wiring diagrams
The following diagrams depict how to connect a battery string to 
a power supply.

3 Battery Diagram:

123

R 
E 

D
 (+

)

B
 L

 A
 C

 K
 (-

) Temperature Probe
(Connected to XM2)

In-line Fuse (optional)RTS 
(Taped to side of battery)

Battery Cable Connector 
(to XM2 Power Supply)

Black (-)

Red (+)

4 Battery Diagram:

1

2

3

4

R 
E 

D
 (+

)

B
 L

 A
 C

 K
 (-

)

Temperature Probe
(Connected to XM2)

RTS
(Taped to side of battery)

Battery Cable Connector 
(to XM2 Power Supply)

Black (-)

Red (+)

In-line Fuse 
(optional)
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6 Battery Diagram:

Upper Tray

Lower Tray

Battery Cable Connector 
(to XM2 Power Supply)

Black (-)Red (+)

Temperature Probe
(Connected to XM2)

RTS
(Taped to side of battery)

In-line Fuse (optional)

In-line Fuse (optional)

1A2A3A

1B2B3B

R 
E 

D
 (+

)

B
 L

 A
 C

 K
 (-

)

8 Battery Diagram:

1A

2A

3A

1B

2B

3B

4A

4B

R 
E 

D
 (+

)

B
 L

 A
 C

 K
 (-

)

Battery Cable Connector 
(to XM2 Power Supply)

Temperature Probe
(Connected to XM2)

RTS
(Taped to side of battery)

In-line Fuse 
(optional)

In-line Fuse 
(optional)

Upper Tray

Lower Tray

Black (-)Red (+)
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3.2.1 VRLA Types: Gel, Pure Lead
VRLA (Valve Regulated Lead Acid) batteries utilize a dilute sulfuric 
acid electrolyte or gelled electrolyte to eliminate the hazards of 
spills and leakage and which facilitates life and improves safety of 
operation. VRLA batteries also contain a self resealing pressure 
relief valve which prevents buildup of excessive pressure in the 
cell and prevents entry of outside air into the cell, thus extending 
the shelf life of batteries.

1. The Gelled Electrolyte VRLA battery utilizes a robust 
polypropylene separator. This leaf separator is not relied upon to 
absorb the electrolyte, since the electrolyte is gelled, but strictly 
performs the function of separating and resisting the development 
of shorts between the positive and negative plates. The cell is 
completely filled to the top of the plates with the gelled electrolyte. 
There are fissures in the gel between the plates that allow for 
the transport of the oxygen from the positive to the negative 
plate allowing for the oxygen recombination cycle. The gelled 
electrolyte provides for maximum heat dissipation of the positive 
and negative plates to reduce grid corrosion of the leading failure 
point in VRLA batteries.

2. The Pure Lead AGM VRLA battery utilizes a separator made 
of a superior quality microporous glass mat with high absorption 
fibers. The electrolyte is made of medical grade dilute sulfuric 
acid absorbed into the separator material. The positive and 
negative plates are made of pure lead providing extremely low self 
discharge allowing for extended storage time before deployment. 
The pure lead plates provide maximum protection by eliminating 
impurities like calcium in the pure lead plates that lead to grid 
corrosion which is the leading failure point in VRLA batteries.

3.2.2 Maintenance, Testing and Storage
Storage
All lead acid batteries experience self-discharge while in open 
circuit storage. This causes circuit voltage and capacity to 
decrease. This is especially true if the batteries are stored for 
long periods of time at higher temperatures. Higher temperatures 
combined with longer periods of storage will result in diminished 
residual capacity - hence a shorter battery lifespan.
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Storage requirements vary depending on the type of battery 
being used.

During Storage Please Note:
• All lead acid batteries experience self-discharge while in 

open circuit storage. This causes circuit voltage and capacity 
to decrease.

• The self-discharge rate is related to ambient temperature. 
The lower the temperature, the less the discharge. Batteries 
should be stored in a clean, ventilated, and dry location with 
an ambient temperature of 0 to 20°C / 32 to 68°F.

• It is important to track open circuit voltage which is related to 
the density of the electrolyte.

• All batteries should be fully charged before storage. Record 
the storage date and next supplemental charge date in 
maintenance record and on the battery.

• Upon battery deployment, verify all batteries within each 
string measure in the range of ±0.3Vdc of the string average.

• If the open circuit voltage is lower than 12.6V or the batteries 
have been stored beyond the limits in Figure 1, the batteries 
should be charged to avoid damage caused by self-discharge.

Capacity vs. Storage Time (Typical Gel VRLA)
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Storage Time vs. Temperature (Pure Lead)
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Maintenance
Battery Maintenance Guidelines

• For optimal performance, inspect batteries every 3 months for: 
– Signs of battery cracking, leaking or swelling. The battery 

should be replaced immediately by authorized personnel 
using a battery of the identical type and rating (match 
conductance, voltages and date codes as specified in this 
document).

– Signs of battery cable damage. Battery cable should 
be replaced immediately by authorized personnel using 
replacement parts specified by vendor.

– Loose battery connection. Refer to documentation for the 
correct torque and connection hardware for the application.

• Do not attempt to remove the vents (valves) from a battery or 
add water. This is a safety hazard.

• Apply NO-Ox grease on all exposed connections.
• When necessary, clean up any spilled electrolyte in accordance 

with all federal, state and local regulations or codes.
• Follow approved storage instructions.
• Always place batteries in an enclosed but vented container. 

Each individual battery should have at least 1/2 inch of 
space between it and all surrounding surfaces to allow 
for convection cooling. The use of a battery spacer is 
highly recommended.

• WARNING! All battery compartments must have adequate 
ventilation to prevent an accumulation of potentially 
dangerous gas. Never place batteries in a sealed enclosure. 
Extreme caution should be used when maintaining and 
collecting data on the battery system. 
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Recycling and Disposal
Recycling and Disposal Instructions

• Spent or damaged batteries are considered environmentally 
unsafe as they contain lead and dilute sulfuric acid. They 
should not be "thrown away" with common refuse.

• Always recycle used batteries in accordance with federal, 
state, provincial, and local regulations. The Alpha Group 
provides recycling services. Call 800 863 3930 or contact 
your local Alpha representative.

Electrical Safety
• Lethal voltages are present within the power and electrical 

enclosures. Never assume that an electrical connection or 
conductor is not energized. Check circuits with a voltmeter 
prior to any installation or removal procedure.

• Observe circuit polarities.
• Always use the "buddy system" when working under 

hazardous conditions.
• Ensure no liquids or wet clothes contact internal 

components.
• Use an insulated blanket to cover exposed portions of the 

battery system when performing extended maintenance 
that could result in personal or equipment contact with the 
energized conductors.

• Certain types of rectifier circuits used in charging the battery 
may not include a line isolating transformer. In these cases 
extreme caution should be used when maintaining and 
collecting data on the battery system.

Preparing for Maintenance
The battery system should be remotely monitored and physically 
inspected quarterly. If the battery system has an automatic 
monitoring system to gather the electrical and environmental data, 
the monthly checks should consist of evaluating the recorded data 
and visiting any site that does not meet the specifications. At at 
minimum, each site needs to be physically inspected every three 
months.

You do not have to measure the electrolyte specific gravity or add 
water to the cells.

All batteries in the string should be numbered to facilitate 
recording and analysis of data unique to each unit.
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Notify anyone affected by the intended maintenance or 
troubleshooting activity. This should include but not be limited to 
anyone responsible for the status monitoring equipment at the 
headend or NOC.

Required Tools and Equipment:
Prior to beginning maintenance, ensure that all required tools 
and equipment, including safety equipment, is available and 
functional. The following is a list of the minimum equipment 
required to maintain and troubleshoot a battery:

• Digital voltmeter
• Socket wrenches, insulated
• Box end wrenches, insulated
• Torque wrench calibrated in inch/lbs
• Rubber gloves
• Full face shield
• Safety glasses
• Plastic apron
• Portable eyewash
• Spill kit, including sodium bicarbonate solution
• Fire extinguisher
• Optional equipment, depending on the type of 

maintenance being performed, includes:
• True RMS Voltmeter with DC Amp Clamp
• Midtronics Conductance Meter
• 100Amp momentary load test set
• No-Ox Corrosion Inhibitor
• Paper Towels and/or rags
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Periodic Maintenance Tasks and Schedule
1. Quarterly Preventative Maintenance
Below: Flow Chart for Quarterly Preventative Maintenance
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No
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Disconnect
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(see page 18)
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Replace the string
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Refurbishment

Plan
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Log each battery’s
conductance
and voltage
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Procedure:
1. Verify the power supply is in float mode.
2. Use the DC Amp clamp to measure and record each individual 

battery string's float current.
3. If the individual string float current is greater than 0.5Amps, 

replace the battery string. Measure and record the individual 
battery conductance and voltage on the Site Visit Record.

4. If the string float current is less than 0.5Amps,
1. Disconnect the batteries from the system.
2. Measure the battery conductance.
3. Measure the battery voltage. If any reading is less than    

12.6V then replace all those batteries in the string.
4. If any individual battery voltage varies more than 0.5V 

above or below the average for the string then replace 
the string.

Example:  V1 = 13V, V2= 13V, V3 = 14V
Average voltage = 13.3V
If V3 is greater than average by 0.5V, then the 
batteries should be replaced. Batteries removed 
from the site should then be tested.

5. Log the site location, battery location, model, 
manufacturer date codes, voltage and conductance 
reading for all batteries.

5. Record data on Battery Maintenance log.
6. Verify the spacing between the batteries from front to back is 

at least 1/2" or 13mm, and adjacent batteries do not touch 
one another.

7. Ensure the enclosure is clean and free of debris.
8. Measure and record the top center battery's temperature. This is 

typically the warmest battery in the string.
9. Visually inspect the batteries for:

• Cleanliness
• Terminal damage or evidence of heating or overheating
• Container or cover damage

10. Check terminal posts for signs of corrosion. If corrosion 
is present, neutralize with a solution of 1lb (454g) sodium 
bicarbonate (baking soda) to 1 gallon (3.8l) of water. 
Rinse and dry.

11. Verify terminal posts are coated with NO-OX grease or a 
spray-on protectant. Reapply as needed.

12. Retorque all the interunit connecting hardware.
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2. Battery Evaluation Procedures
To help identify batteries approaching end of life in an operating 
power system, test #1 should be performed at each maintenance 
interval. For batteries not installed in an operating system, test #2 
or #3 may be performed. For accuracy, tests must be performed 
on fully charged batteries. A battery failing any of the following 
combined tests is defined as a faulty battery.

Elevation Procedure 1
Conductance/Impedance Test - Measure the conductance of 
each battery. Any battery that possesses a conductance that 
is 50% less than the initial reading taken at the point of install 
can be considered suspect of being below 70% capacity and 
should be evaluated further. The battery temperature must be 
approximately the same each time this reading is taken. Use 
temperature compensation feature when using Midtronics meter.

Float Voltage Test - Measure the float voltage of each battery 
in the string that is on float charge. Any battery in the string 
measured at 13.2 Volts or less is a suspect battery and should 
be further evaluated with the steps below. Any battery below 
12.6 Volts should be replaced. The 13.2 and 12.6 voltage values 
are based on a 25°C / 77°F temperature. Adjust the voltage for 
higher or lower temperatures by 0.0168 Volts per battery per 
degree Fahrenheit. The higher the temperature above 25°C / 
77°F the lower the voltage will have to be adjusted and vice-versa 
for temperature below 25°C / 77°F. (i.e., at a temp of 32°C / 89°F 
it would have a corresponding float voltage of 13 Volts).

Elevation Procedure 2
Conductance/Impedance Test - Measure the conductance of 
each battery. Any battery that possesses a conductance that 
is 50% less than the initial reading taken at the point of install 
can be considered suspect of being below 70% capacity and 
should be evaluated further. The battery temperature must be 
approximately the same each time this reading is taken. Use 
temperature compensation feature when using Midtronics meter.

24 Hour Open Circuit Test - Measure the open circuit voltage 
of the suspected battery 24 hours after the battery has come off 
of float charge. Care must be taken to ensure that the battery 
is at full state of charge when it is disconnected from the power 
supply. The battery should exhibit a voltage about 12.6V. 
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A battery below this voltage should be replaced. A fully charged 
battery below 12.6 Volts is below 70% capacity, but a battery 
above 12.6 Volts is not necessarily above 70% capacity. Batteries 
that have been sitting for extended periods should be recharged 
after 6 months or when they reach 12.48 Volts (75% capacity), 
which ever comes first depending on the storage temperature.

Elevation Procedure 3
24 Hour Open Circuit Test - Measure the open circuit voltage 
of the suspected battery 24 hours after the battery has come off 
of float charge. Care must be taken to ensure that the battery 
is at full state of charge when it is disconnected from the power 
supply. The battery should exhibit a voltage of about 12.60V. A 
battery below this voltage should be replaced. A fully charged 
battery below 12.6 Volts is below 70% capacity, but a battery 
above 12.6 Volts is not necessarily above 70% capacity. Batteries 
that have been sitting for extended periods should be recharged 
after 6 months or when they reach 12.48 Volts (75% capacity), 
which ever comes first depending on the storage temperature.

100A Load Test - Measure the voltage of each battery at the end 
of a 10 second 100Amp load test. Again, the temperature must 
be equivalent to that of the original test performed at the point of 
installation. A significant drop in voltage versus the previous test 
will indicate deterioration of the battery. A 12 Volt battery that 
falls below 10.80 Volts should be considered faulty and should 
be replaced.

If using Alpha Batteries, please refer to the following table:

Midtronics Conductance 
Models 3200/micro 
CELLTRON

Approx. Conductance 
Values (mhos) Healthy 
Battery @ 25°C / 77°F

Suspect Battery @ 25°C / 
77°F in mhos

170XLT 1040-1560 <520

85 GXL-HP 480-720 <240

135 GXL 900-1350 <450

160 GXL 1040-1560 <520

165 GXL 800-1200 <400

195 GXL 880-1320 <440

195 GXL 800-1200 <400

220 GXL 960-1400 <480

195 GOLD-HP 880-1320 <440

220 GOLD-HP 960-1400 <480

3.5HP 1400-1850 <680

4.0HP 1700-2500 <840
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3. Battery System Float Charging
Battery system float charging voltage varies according to 
battery type.

Encountering Temperature Extremes

Pure Lead Batteries Gel Batteries

When you encounter temperature 
extremes, temperature compensate the 
float charging voltage. The temperature 
compensation coefficient is -0.0022 V/C 
per °F (-0.004 V/C per °C).

For example if the normal battery 
temperature is 90°F (13° above 77°F) 
you should reduce the average float 
charging voltage range by 0.028 V/C (13° 
x -0.022 V/C per °F) to between 2.21 
and 2.26 V/C.

If the battery operates at cold 
temperatures, (60°F, 17° below 77°F, for 
example), you can increase the charging 
voltage to improve recharging time.

For example, increase the charging 
voltage range by -17° x -0.0022 V/C per 
degree or 0.037 V/C.

When you encounter temperature 
extremes, temperature compensate the 
float charging voltage. The temperature 
compensation coefficient is -0.0028 V/C 
per °F (-0.005 V/C per °C).

For example if the normal battery 
temperature is 90°F (13° above 77°F) 
you should reduce the average float 
charging voltage range by 0.036 V/C (13° 
x -0.0028 V/C per °F) to between 2.21 
and 2.26 V/C. For an 18 cell battery this is 
39.78 to 40.86Vdc. This helps reduce the 
potential for thermal runaway at elevated 
temperatures.

If the battery operates at cold 
temperatures, (60°F, 17° below 77°F, for 
example), you can increase the charging 
voltage to improve recharging time.

For example, increase the charging 
voltage range by -17° x -0.028 V/C per 
degree or 0.048 V/C. For the 180 cell 
string this is 41.36 to 42.26Vdc.

Under or Overcharging

If the battery is undercharged for a period of time during which there are multiple 
discharges, the battery does not fully recharge after each discharge and provides 
progressively lower capacity.

Excessive overcharging causes premature aging of the battery and loss of capacity, 
noted by excessive float current, corrosion of the plate grids, and gassing and drying of 
the limited amount of electrolyte.

Severe overcharging over extended periods of time can induce a thermal runaway 
condition. This requires replacing the battery system.

The following set points are recommended 
for AlphaCell HP Batteries when used with 
the XM Series 2 or GMX Power Supply.

The following set points are recommended 
for AlphaCell Gel Batteries when used with 
the XM Series 2 or GMX Power Supply.

AlphaCell™ HP Batteries

Bulk 2.25 V/C

Accept 2.35 V/C

Float 2.25 V/C

Temp Comp -4mV/C/C

AlphaCell™ GelCell Batteries

Bulk/Float 2.27 V/C

Accept 2.40 V/C

Temp Comp -5mV/C/C
AlphaCell™ 195GXL FT
Bulk/Float 2.26 V/C

Accept 2.35 V/C

Temp Comp -4mV/C/C
AlphaCell™ IGL Series
Bulk/Float 2.25 V/C

Accept 2.32 V/C
Temp Comp -3mV/C/C
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3.2.3 Temperature De-rating

Above: Pure Lead vs. Gel VRLA Battery Runtime

3.2.4 Torque Specs
Torque specs will vary depending on the type of battery being 
operated on. For units not listed, please refer to users guide for 
specific models. The following applies to Alpha batteries:

GelCell:

Parameter
Model Number

220GXL 195GXL 165GXL 160GXL

Terminal Type: Threaded Insert

Blot Size: 1/4" - 20 UNC Bolt

Annual Retorque 
Inch-lbs / N•m:

110in-lb / 12.4N•m

Pure Lead:

Parameter
Model Number

3.5HP 4.0HP

Terminal Type: Threaded Insert

Blot Size: 1/4" - 20 UNC Bolt

Annual Retorque 
Inch-lbs / N•m:

110in-lb / 2.4N•m
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Transponders (aka communications module) are compact circuit 
boards that enable Hybrid Fiber Coax (HFC) network devices to 
be remotely managed, monitored, and controlled by Network 
Management Systems (NMS). Transponders are commonly 
installed in HFC network devices such as uninterruptible 
power supplies, optical fiber nodes and RF amplifiers to 
provide comprehensive status monitoring and the collection of 
performance data to ensure reliable network operation. Status 
monitoring information flows upstream and downstream in an 
HFC Network.

For power supply status monitoring, each monitored power 
supply typically requires a transponder. For power systems with 
multiple power supplies in a common enclosure, two approaches 
for monitoring may be possible: (1) each power supply is teamed 
with a transponder; or (2) all power supplies interface to a single 
system controller which coordinates the power system operation 
and interfaces to a single transponder. Similar techniques are 
applicable to monitoring curbside engine generators when they 
are a component of the power system.

Power supply monitoring allows an operator to effectively 
maintain the powering equipment, particularly batteries, and also 
ensure that the standby power system is functional should a 
utility power failure occur. For a standby power system operating 
without status monitoring, any failure in the battery charging 
system, even one as simple as leaving the battery circuit breaker 
in the off position, will shorten battery life expectancy.

3.3.1 DOCSIS Transponders - Analog and Digital
DOCSIS ANALOG TRANSPONDER – Used to monitor power 
supplies with analog status monitoring interfaces. The Analog 
DOCSIS Transponder enables cable operators to manage 
their network powering through the existing cable modem 
infrastructure. Transponder data is transmitted to a management 
system over the network's DOCSIS cable modem channels 
through the existing CMTS. Bandwidth utilization is minimized by 
using standard SNMP (Simple Network Management Protocol) 
communications. Status monitoring information is converted from 
analog inputs to approximate ANSI/SCTE HMS standards.
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DOCSIS DIGITAL TRANSPONDER-The Digital Transponder 
enables cable operators to manage their network powering 
through the existing cable modem infrastructure. Multiple 
power supplies, batteries and a generator can be monitored 
using a single transponder. Transponder data is transmitted 
to a management system over the network's DOCSIS cable 
modem channels through the existing CMTS. Bandwidth 
utilization is minimized by using standard SNMP (Simple Network 
Management Protocol) communications. Status monitoring 
information is compatible with ANSI/SCTE HMS standards. Some 
transponder models may require a power supply interface card.

Typical DOCSIS network diagram - See page 3-25

CMTS and system vendors use different security methods to 
ensure network integrity, but common considerations are:

• MAC filtering may have to be modified to allow RF MAC 
registration of the transponder addresses.

• For SNMP access, UDP ports 161 and 162 
must not be blocked.

• For TFTP access, port 69 must not be blocked.
• For HTTP access, port 80 must not be blocked.
• For SNTP access, port 37 must not be blocked.
• Firewalls must allow TFTP, DHCP, SNMP and TOD 

communications to the cable modem.
• If the address of the TFTP or TOD server is different than 

the DHCP server, the response from the DHCP server must 
contain the TFTP and TOD addresses.

3.3.2 Monitored Parameters-SCTE-HMS Mibs
For power supply status monitoring, some of the common 
monitored parameters include:

• Output Voltage
• Input Voltage
• Inverter Status
• Power Supply Major Alarm
• Power Supply Minor Alarm
• Tamper Switch Status
• Total String Voltage
• Output Power

• Output Frequency
• RMS Current In
• Power In
• Input Voltage Presence
• Input Frequency
• Individual Battery Voltages
• Output Current
• Battery Temperature
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Below: Diagram of typical DOCSIS network
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The following MIB (Management Information Base) files are 
required for the NMS or SNMP Manager to collect data from 
the power supply transponders. These files can be found on 
the Society of Cable Telecommunications Engineers (SCTE) 
website www.scte.org.

Reference Description

ANSI/SCTE 36 2002R2007
(formerly HMS 028)

SCTE-ROOT Management Information Base 
(MIB) Definitions

ANSI/SCTE 37 2010
(formerly HMS 072)

Hybrid Fiber/Coax Outside Plant Status Monitoring
SCTE-HMS-ROOTS Management Information 
Base (MIB) Definition

ANSI/SCTE 38-1 2009
(formerly HMS 026)

Hybrid Fiber/Coax Outside Plant Status Monitoring
SCTE-HMS-PROPERTY-MIB Management 
Information Base (MIB) Definition

ANSI/SCTE 38-2 2005
(formerly HMS 023)

Hybrid Fiber/Coax Outside Plant Status Monitoring
SCTE-HMS-ALARMS-MIB Management 
Information Base (MIB) Definition

ANSI/SCTE 38-3 2008
(formerly HMS 024)

Hybrid Fiber/Coax Outside Plant Status Monitoring
SCTE-HMS-COMMON-MIB Management 
Information Base (MIB) Definition

ANSI/SCTE 38-4 2006
(formerly HMS 027)

Hybrid Fiber/Coax Outside Plant Status Monitoring
SCTE-HMS-GEN-MIB Management 
Information Base (MIB) Definition

ANSI/SCTE 38-6 2006
(formerly HMS 033)

Hybrid Fiber/Coax Outside Plant Status Monitoring
SCTE-HMS-COMMON-MIB Management 
Information Base (MIB) Definition

ANSI/SCTE 38-7 2008
(formerly HMS 050)

Hybrid Fiber/Coax Outside Plant Status Monitoring
SCTE-HMS-Transponder-Interface-Bus(TIB)-
MIB Management Information Base (MIB) Definition
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The SCTE-HMS MIBs for power supply status monitoring is 
organized in the following tree configuration:

scteRoot (1.3.6.1.4.1.5591)

scteHmsTree (1.3.6.1.4.1.5591.1)

propertyIdent (1.3.6.1.4.1.5591.1.1)

propertyTable (1.3.6.1.4.1.5591.1.1.1)

Alarm thresholds for analog measurements

currentAlarmTable (1.3.6.1.4.1.5591.1.1.2)

Real-time view of items in alarm states as defined in 
the propertyTable and discretePropertyTable.

discretePropertyTable (1.3.6.1.4.1.5591.1.1.3) 

SNMP alarm definitions for discrete parameters

alarmsIdent (1.3.6.1.4.1.5591.1.2)

A historic log of transponder alarms and traps sent

commonIdent (1.3.6.1.4.1.5591.1.3)

commonAdminGroup (1.3.6.1.4.1.5591.1.3.1)

Logical name

Firmware version

Transponder reset

SNMP trap community string

psIdent (1.3.6.1.4.1.5591.1.4)

psDeviceTable 

Input voltage

Output voltage

Battery string voltage

Inverter status

Major alarm

Tamper

Remote self-test

psStringTable (1.3.6.1.4.1.5591.1.4.3)

Battery charging currents

psBatteryTable (1.3.6.1.4.1.5591.1.4.4)

Individual battery voltages

psOutputTable (1.3.6.1.4.1.5591.1.4.5)

Output Current

psTemperatureSensorTable (1.3.6.1.4.1.5591.1.4.6)

Battery temperature

genIdent (1.3.6.1.4.1.5591.1.6)

Generator monitoring

transponderInterfaceBusIdent (1.3.6.1.4.1.5591.1.7)

Monitoring of externally connected devices e.g. 
multiple power supplies daisy-chained to a single 
Transponder
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3.3.3 Coax Surge Protection
To minimize damage to the power supply transponders, a 
grounded coax surge protector should be installed on the RF 
feed to the transponder. Refer to the following for a sample and 
typical application.

Enclosures

3.4.1 Pole Mount Enclosures
There are various pole mount configurations you will find in 
the field. Below are several examples.

Enclosure 
Type

Dimensions 
H x W x D (in/mm):

Weight 
(lb/kg):

Pole Mount Enclosure 
Configurations:

3 Battery: 24.5 x 24.3 x 14 / 
622 x 615 x 355

39 / 18
(without 
batteries)

3 Battery 
N. Exposure:

25.4 x 24.8 x 14.1 /
645 x 628 x 359

42 / 19.1
(without 
batteries)

4 Battery: 24.8 x 30.3 x 16 / 
629 x 768 x 406

57 / 26
(without 
batteries)
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There are various pole mount configurations you will find in 
the field. Below are several examples.

Enclosure 
Type

Dimensions 
H x W x D (in/mm):

Weight 
(lb/kg):

Pole Mount Enclosure 
Configurations:

6 Battery: 36.8 x 24.3 x 14 /
933 x 615 x 355

68 / 31
(without 
batteries)

6 Battery 
N. Exposure:

37.7 x 24.8 x 14.1 / 
958 x 628 x 359

73 / 33.1
(without 
batteries)

6 Battery 
Front Terminal:

27.5 x 29.3 x 17.5 /
698 x 753 x 445

57 / 26
(without 
batteries)

8 Battery: 36.9 x 30.3 x 16 /
937 x 768 x 406

121 / 55
(without 
batteries)

9 Battery: 47 x 24.3 x 14 / 
1194 x 615 x 355

85 / 38.5
(without 
batteries)

2 Power 
Supplies / 
6 Battery:

47 x 24.3 x 14 / 
1194 x 615 x 355

75 / 34
(without 
batteries)
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3.4.2 Ground Mount Enclosures
There are various ground mount configurations you will find 
in the field. Below are several examples.

Enclosure 
Type

Dimensions 
H x W x D (in/mm):

Weight 
(lb/kg):

Ground Mount 
Enclosure Configurations:

3 Battery: 33.5 x 26 x 15 / 
851 x 660 x 381

61 / 28
(without 
batteries)

4 Battery: 35 x 34.5 x 15 / 
889 x 876 x 381

72 / 32
(without 
batteries)

6 Battery: 48 x 26 x 15 / 
1219 x 660 x 381

75 / 34
(without 
batteries)

6 Battery: 36 x 26 x 15 / 
914 x 882 x 381

68 / 30
(without 
batteries)

8 Battery 45.5 x 34.5 x 15 / 
1136 x 882 x 381

121 / 55 
(without 
batteries)
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Enclosures

3.4.3 Ground Mount Metered Enclosures
There are various ground mount metered configurations you 
will find in the field. Below are several examples.

Enclosure 
Type

Dimensions 
H x W x D (in/mm):

Weight 
(lb/kg):

Ground Mount Metered 
Enclosure Configurations:

3 Battery
Metered:

45 x 26 x 19.7 / 
1143 x 660 x 482

100 / 44
(without 
batteries)

6 Battery 
Metered:

57.3 x 26 x 19.7 / 
1455 x 660 x 482

130 / 59
(without 
batteries)

8 Battery 
Metered:

50 x 32 x 20.5 / 
1270 x 813 x 521

140 / 64 
(without 
batteries)

There are two types of meters that you are most likely to 
encounter in the field.

1. Standard Meter Base/BBX 2. EUSERC Meter BASE (EMB)

          
Note: Check with Local Authority Jurisdiction as to what the meter requirements are.
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3.4.4 Surge Protection
Lightning is the primary enemy of every power network. 
Reliable systems need surge protection devices to provide 
protection of power supplies and related equipment from 
the damaging powerline disturbances common to cable and 
broadband applications.

3.4.5 Grounding of enclosure and utility per NEC, 
 meeting the 25ohm spec
Grounding System: Sensitive electronic systems must be solidly 
grounded, i.e., directly connected with earth as required by 
either the ANSI/NFPA-70 or ANSI/NFPA-78, or both. Grounding 
systems designed for a sensitive electronic equipment facility 
can be conceptualized as having distinct, solidly interconnected, 
functional subsystems.

Earth/Electrode Subsystem:
• The earth electrode subsystem establishes the facility earth 

ground-reference for lightning, electrical fire and shock 
hazard purposes only (i.e., safety purposes only). Signal 
transport processes and the internal signal processes of 
equipment are not benefitted by this system nor connections 
made to it except from a safety standpoint. Specific design 
criteria for the earth electrode subsystem are provided in 
ANSI/NFPA 70.

Fault/Personnel Protection Subsystem: 
• This subsystem is known within the ANSI/NFP 70 as the 

“equipment grounding system.” Its primary purpose is 
safety. It generally has unknown characteristics regarding 
its impedance (versus frequency), and may be single-point, 
multiple-point, radial, or hybrid in some manner. In general, 
it has an unknown bandwidth. It is only known to be 
constructed for safety reasons, and in a robust fashion per 
the NEC.

Signal Reference Subsystem:
• Fault/personnel protection grounding systems employing 

long ground conductors in facilities where high frequencies 
are present exhibit high impedances in the frequency ranges 
of interest. Therefore, they should not be used solely to 
provide a high frequency reference for sensitive equipment.

• Both single point and multiple point grounding systems, 
which employ long ground conductors, exhibit higher 
impedances at higher frequencies. Therefore, signal reference 
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subsystems require the existence of a structure which 
achieves the benefits of an equipotential ground plane 
throughout the frequency range of interest.

• These equipotential ground plane structures achieve low 
impedances over large frequency ranges by providing 
a multitude of parallel paths among the various circuits 
attached to them. It is also true that for each frequency 
referenced within these planes, there exists at least one path 
which corresponds to the high-impedance quarter-wave.

Equipotential Plane:
• An equipotential ground plane is a mass of conducting 

material that, when bonded together provide a low 
impedance to current flow over a large range of frequencies.

Advantages of an equipotential plane are:
1) Low impedance return path for RF noise currents
2) Containment of EM (noises) fields between their source 

  and the plane
3) Increased filtering effectiveness of contained EM fields
4) Shielding of adjacent sensitive circuits or equipment.

Embodiments of equipotential plane structures include:
1) Conductive grid embedded in or attached to a 

  concrete floor
2) Metallic screen or sheet metal under floor tile
3) Ceiling grid above sensitive equipment
4) Supporting grid of raised access flooring

The concept of an equipotential reference plane can be 
employed within a portion of a single sensitive equipment 
enclosure, among various interconnected equipment, or over 
an entire facility. In all cases, it is bonded to both the local 
building ground and to the grounding electrode conductor.

Within sensitive equipment cabinets, all related components, 
signal return leads, backplanes, etc. must be connected via 
short conductors to the equipment chassis which form the 
equipotential plane via multiple short conductors and to the 
grounding electrode conductor. The room-level equipotential 
plane must, in turn, be connected to one or more building-
level equipotential plane(s) via multiple short conductors. This 
process continues until total sensitive electronic equipment 
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system of interest is interconnected to one large continuous 
equipotential plane. The interconnecting conductors are 
preferred to have thin-wide cross sections to minimize their 
impedance at higher frequencies. 

Frequency Requirements:
Surges having high frequency components require current 
return paths that are of low impedance at the same high 
frequencies. Therefore, signal reference grounding systems, 
which provide the required low impedance return paths, must 
be designed for low impedance characteristics over large 
frequency ranges, e.g., dc to tens of MHz. 

It is recommended to use the grounding method illustrated 
below. The grounding method for a particular site depends on soil 
type, available space, local codes, National Electric Code (NEC) 
requirements, and other site-specific characteristics.

It is recommended to have a minimum of five ohms ground 
resistance between the enclosure and ground rods, but 
resistance shall not exceed 25 ohms, in accordance with IEEE 
1100-1999 (Powering and Grounding Electronic Equipment).

Connection made with Burndy connector
(P/N YGHR58C2W-3 or equivalent)

Terminate at enclosure ground

Terminate at service
entrance ground

#6 AWG

Two 8’ ground rods 6’ apart (min.)
Note: May require additional ground rods

to meet NEC minimum grounding
standard (25 ohms or less).

#2 AWG

Enclosure
Footprint

Connection made with Burndy connector
(P/N YGHP58C2W-2TN or equivalent)

1

4

2

3

2’ 
(m

in.
)

Above Fig. 2-3, Enclosure Grounding
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4.1.1 Safety and Ohm's Law
WARNING!

Most electrical systems establish a voltage reference point by 
connecting a portion of the system to an earth ground. Because 
these systems use conductors that have voltages with respect to 
ground, a shock hazard exists for workers who are in contact with 
the earth and are exposed to the conductors. If workers come in 
contact with an energized (underground) conductor while they are 
in contact with the ground, they become part of the circuit and 
current passes through their bodies. Electricity following through 
the human body can shock, cause involuntary muscle reaction, 
paralyze muscles, burn tissues and organs, or kill. Typical effects 
of various electric currents are flowing though the body on the 
average 150lb male and 115lb female bodies are given in Table 1 
on the next page.

The effects of electrical current on the human body depend on the following:

• Circuit characteristics (current, resistance, frequency, and voltage - 60Hz 
(hertz) is the most dangerous frequency). DC is considerably safer than AC

• Contact and internal resistance of the body
• The current's pathway through the body, determined by contact 

location and internal body chemistry
• Duration of contact
• Environmental conditions affecting the body's contact resistance

The amount of current that flows is proportional to the voltage and 
inversely proportional to the resistance. The higher the voltage 
the greater the current will be, and the lower the resistance the 
greater the current will be.

Current = volts / resistance

The most damaging route of electricity is through the chest cavity 
or brain. Fatal ventricular fibrillation of the heart (stopping of 
rhythmic pumping action) can be initiated by a current flow of as 
little as several milliamperes (mA). Nearly instantaneous fatalities 
can result from either direct paralysis of the respiratory system, 
failure of the rhythmic pumping action of the heart, or immediate 
heart stoppage. Severe injuries, such as deep internal burns, can 
occur even if the current does not pass through vital organs or 
nerve centers.
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Skin resistance, surface area, and moisture all play a significant 
role in the effects of electrical current on the body.
Table 1 is based on limited experiments performed on human 
subjects in 1961 by Charles F, Dalziel.

Table 1  The Effects of Electrical Current on the body

Effects Direct Current
Alternating Current

60Hz 10kHz
Slight sensation 
on hand

Men = 1mA
Women = 0.6mA

0.4mA
0.3mA

7mA
5mA

Perception "let go" 
threshold, median

Men = 5.2mA
Women = 3.5mA

1.1mA
0.7mA

12mA
8mA

Shock - not painful and no 
loss of muscular control

Men = 62mA
Women = 41mA

1.8mA
1.2mA

17mA
11mA

Painful shock - muscular 
control lost by 1/2%

Men = 76mA
Women = 51mA

9mA
6mA

55mA
37mA

Painful shock - "let go" 
threshold, median

Men = 90mA
Women = 60mA

16mA
10.5mA

75mA
50mA

Painful and severe 
shock - breathing difficult, 
muscular control lost

Men = 500mA
Women = 500mA

23mA
1mA

94mA
63mA

Deleterious Effects of Electric Shock, Charles F. Dalziel

DC is inherently safer than AC. The primary danger is uninsulated 
tools causing a short between the hot conductor and ground.

It has been said, "Electricity follows the path of least resistance" which 
implies that it won't follow any other path. This can be a fatal error.

***Electricity follows any and ALL paths, with the current 
determined by Ohms law (Current = Volts / Resistance).
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4.1.2 Wire Losses

I squared x R loss is heat and voltage loss.

The wire size must be increased to compensate for the loss.

The cable chosen for use in power plant applications not only 
has to meet the requirements of the National Electric Code, but 
also ampacity and cable type (NEC Table 310-16). The cable size 
must also be carefully selected to ensure minimum voltage drop 
across its length when fully loaded. Keeping the voltage drop to a 
minimum ensures maximum back-up time and best performance 
when the system is operating on battery.

The information below can be used to calculate the cable size 
using typical voltage drop recommendations. Refer to Table 2 for 
more information.

Calculating Wire Size Requirements Definitions

CMA= A x LF x K
                AVD

CMA = Cross section of wire in circular MIL area
A = Ultimate drain in amps
LF = Conductor loop feet
AVD = Allowable voltage drop
LF = Conductor loop feet
K = 11.1 constant factor for commercial 
       (TW type) copper wire

"The farther the wires goes, the bigger the 'pipe' needed"

Allowable voltage drop is the voltage available between the 
batteries and the end load. Generally, the battery low voltage 
cutoff point is 42Vdc, the equipment should work down to 
40Vdc, which would leave a total of 2Vdc. This would be divided 
from the batteries, to the DC power plant/primary distribution, to 
the BDFB or secondary distribution, then to the load.

Total AVD = 2V

Batteries to DC power plant = 0.25Vdc

DC power plant to BDFB = 0.875V

BDFB to load = 0.875
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Below: Table 2

AWG mm Area Cir. Mils.
Current Rating Amps 
(for ventilated cable rack installation)

18 .75 1,620 5

16 1.5 2,580 10

14 2.5 4,110 15

12 4 6,530 20

10 6 10,380 30

8 10 16,510 45

6 16 26,240 65

4 25 41,740 85

2 35 66,360 115

1 50 83,690 130

0 105,600 150

00 70 133,100 175

000 95 167,800 200

0000 120 211,600 230

250 MCM 250,000

300 MCM 150 300,000 285

350 MCM 185 350,000 310

400 MCM 400,000 335

500 MCM 240 500,000 380

600 MCM 300 600,000 420

700 MCM 700,000 460

750 MCM 400 750,000 475

800 MCM 800,000 490

900 MCM 900,000 520

1,000 MCM 500 1,000,000 545

1,250 MCM 1,250,000 590

1,500 MCM 1,500,000 625

1,750 MCM 1,750,000 650

2,000 MCM 2,000,000 665
* Refer to NEC Table 310-16

The current is the load current at 42Vdc.

Calculated using Ohms Law:
Watts = Volts x Amps Amps = Watts/Volts

Wire Sizing Example:
Load at 54Vdc = 26 Amps = 1,944 Watts = 8AWG

1,944 Watts / 42Vdc = 46.28A = 6AWG
46.28A x 1.25 = 57.81A = 60Amp breaker = 6AWG
AVD = .875
Distance is 60ft "as the crow flies", cable path is 78ft 2 x 78 = 156ft
46.28 x 156 x 11.1 / .875 = 91,586CM = 1/0 cable
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4.1.3 Rectifiers
The system must have adequate rectifiers to provide for the 
existing loads and battery recharge. The minimum requirement is 
the number of rectifiers needed to power existing loads plus one 
(N+1). This may not be sufficient to provide adequate recharge to 
the batteries in the event of an outage. Allow enough additional 
rectifiers to provide sufficient battery charge current.

Total Amp hours (Ahr) x 1.1 / recharge time in hours

4.1.4 Circuit Protection
Load current should not exceed 80% of breaker or fuse rating 
(load current at 42Vdc). Actual amperage on a breaker or fuse 
may be significantly lower, if redundant A/B power is available, 
and if voltage is 54Vdc vs. 42Vdc.

4.1.5 Monitoring and Alarms
Alarms provide system status and forewarning of problems. Alarm 
circuits should be tested on at least a yearly basis.

Benefits of DC over AC

Clean Power More Reliable

The rectifier provides a barrier 
between the commercial AC and 
the DC powered loads.

No single point of failure, multiple 
rectifiers, multiple batteries.

Battery Backup Redundant Power

Run time on batteries determined 
by the system load, and the size 
and number of the battery strings.

Equipment can be fed from two 
separate and diverse sources.
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Common Electrical Distribution Systems

120/240 Volt, Single-Phase, Three-Wire System

L1

L2

Neutral

240 Volts

120 Volts

120 Volts

White**

Black†

Red†

120/270 Volt, Three-Phase, Four-Wire System (Delta High Leg)

A

* B High Leg

Neutral

C

240 Volts

240 Volts

120 Volts

240 Volts

White**

Red†

Black†

Orange†

208V

120/208 Volt, Three-Phase, Four-Wire System (Wye Connected)

 B
Black

A Red

White

Blue
120 Volts

120 Volts

208 Volts

208 Volts

C

277/480 Volt, Three-Phase, Four-Wire System (Wye Connected)

 B
Black

A

Neutral

Blue
277 Volts

277 Volts

480 Volts

480 Volts

C

Brown
Purple

Gray

Yellow
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Single Phase:
For 120/240Vac, kVA is line Amps added together and multiplied 
by 120/240. UPS External Maintenance Bypass utilizes make 
before break switch if input and output are the same voltage 
and phase.

Three Phase:
Three phase power is more efficient because three wires can 
carry 1.7321 times what two wires can carry. For 120/208Vac, 
kVA is line Amps added together and multiplied by 120 or the 
average line Amps times 1.7321 times 208 times power factor.

Characteristics of AC UPS:
• UPS's may be off line, with the inverter not running under 

normal operation.
• More efficient, but no protection for the loads, as they are 

running on commercial power.
• No assurance that the inverter will operate.

• Line interactive UPS is generally a Ferroresonant based 
transformer that provides very good common mode noise 
filtering and some energy storage.

• Double conversion UPS converts the AC to DC, including 
batteries and an inverter that converts the DC back to AC. 
It is less efficient, but much more reliable as the loads are 
always on the inverter, providing assurance that the loads will 
continue to operate.

• Also, a physical and electrical isolation from the AC 
commercial power.

Disadvantages of AC UPS:
• Single point of failure, single rectifier, single inverter, requires 

factory approved service.
• May require very careful balancing of loads on each phase.

Inverters

A modular inverter based AC - DC - AC power system provides 
redundancy, ease of replacement and upgrade capabilities.
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The DC power system has significantly increased reliability with 
the use of two DC power systems, each of which can support 
the total load. If one side fails, the other side can continue to 
provide power.

Surge Protection Devices

Types:
1. Silicone Avalanche Diode based

• Diode based, quickly reacts to transients
• Lower capabilities to handle large inrush or transients
• To overcome limitations, makers parallel diodes, increasing cost
• Generally more expensive

2. MOV - Metal Oxide Varistor
• Less expensive form of surge suppression
• Has a specific life, must be replaced periodically
• Slower to react to an inrush or transient

Critical Facility Grounding

Master Ground Bar bonded to an external grounding ring, to the 
AC power grounding conductor, and the DC power Return bus, 
combined with good frame grounding, provides a low impedance 
path for fault currents and helps to control and minimize internal 
transients.

***The external grounding impedance should be as low as possible, with a goal of less than 1Ohm.



4-10 Critical Facilities Powering and Construction



Generators

5



5-2 Generators

Generators

5.1 Sizing a Generator
AC Generator: The generator must be able to maintain a stable 
output voltage and frequency so that the UPS can synchronize 
to it. Properly sizing the UPS output capacity to support the 
electronics is a given. However the UPS input power capacity 
must be matched to the "available" generator power capacity as 
well. If the entire electrical configuration is not done properly, then 
the UPS may present an excessive non-linear current draw on the 
generator. This may cause the generator output to vary resulting 
in the UPS and generator losing synchronization.

Most UPS manufacturers conservatively request that there be 
a 2:1 or 3:1 sizing relationship between the "available power 
capacity" and the "maximum input power requirement for the 
UPS."

***Portable electrical generators are sized by the amount of watts they 
will produce when operating.

DC Generator: You need to calculate the total amount of watts 
(electrical load) you might have connected to the generator at any 
one time.

• UPS/Standby power supplies have labels that tell you how 
many watts they require while operating at full rated output.

• If this output requirement is not stated, you will need 
to determine your total power needs in watts. You may 
have some equipment that provides power use in volts or 
amperes. Convert these watts by multiplying the amperes 
by the volts. Add the wattage of all equipment you plan to 
operate continuously to determine the size of generator 
needed.

5.2 Advantages of a DC Generator
No Automatic Transfer Switch 
(ATS) required for seamless 
transfer when utility fails or returns

No disruption to utility service 
hook-up

Safe low voltage operation
Variable speed Permanent Magnet 
Generator (PMG)

Generator over-sizing not required Increased fuel efficiency

Decreased audible noise
Lower theft rate for portable 
generators
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5.3 Grounding of the Generator
Directions for the grounding of a generator varies by type, make 
and model. ALWAYS refer to the National Electric Code, and 
adhere to any local electrical grounding codes.

Alpha generators should be grounded according to the directions 
in the installation manuals (available upon purchase and online). 
Grounding rules will vary by generator.

5.4 Disaster Recovery
Adding a generator to any type of power system provides 
additional peace of mind. For outside plant communication 
networks, a generator serves as assurance that even in severe 
conditions, a system will remain up and functioning.

Various types of generators exist to increase disaster 
preparedness for outside plant communications networks.

1. Curbside generators - For example, the AlphaGen Curbside 
can be directly integrated into ground mount and Powernode 
Alpha systems. It has a low profile and quiet operation 
which allows for it to be easily placed in neighborhoods and 
populated areas. It will keep a network running indefinitely on 
propane or natural gas.
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2. Portable generators - Portable generators are an economical 
solution, as they can be deployed only when an emergency 
arises. For example, the 
AlphaGen DCX 3000 is a 
compact, lightweight generator 
designed specifically for 
powering cable television, 
telecommunications, and 
broadband applications that do 
not have integrated generators 
as a primary component of the 
power system.

5.5 Emergency Generators
Engine-generator sets provide emergency power in the event 
of utility power failure and can be used to reduce the cost of 
electricity where the local utility rate structure and policy make 
that a viable option. Generator sets must be specified and 
applied in such a way as to provide reliable electrical power of the 
quality and capacity required. On-site power generation systems 
can be classified by type and generating equipment rating. 
The generation equipment is rated using standby, prime, and 
continuous ratings. 

The electrical design and planning of the on-site generation 
system is critical for proper system operation and reliability. The 
electrical installation of the generator set and its accessories must 
follow the Electrical Code in use by local inspection authorities. 
Electrical installation should be done by skilled, qualified and 
experienced electricians/contractors. 

Generator Sizing: It is important to assemble a reasonably 
accurate load schedule because load is the single most 
important factor in generator sizing. Different load types- motors, 
uninterruptible power supplies (UPS), variable frequency drives 
(VFD), medical diagnostic imaging equipment and fire pumps, 
have considerable and different influences on generator set 
sizing. Besides connected load, numerous other factors affect the 
generator set sizing; starting requirement of loads such as motors 
and their mechanical loads, single-phase load imbalance, non-
linear loads such as UPS equipment, voltage dip restriction, cyclic 
loads, etc. Tight specifications on transient performance, voltage 
and frequency dip and recovery times, during motor starting and 
block load acceptance also have considerable effect on sizing. 
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Generator Set Duty Ratings: Determining the loads required 
to be supported by a generator set is a function of the type of 
application and required duty. Generally, there are three duty 
classifications for generator set applications: Standby, Prime 
or Continuous. A generator set used in Standby applications 
is used as a backup to the primary (utility) power source and is 
expected to be used infrequently, so the standby rating is the 
highest available for the set. Prime rated sets are expected to 
operate unlimited hours and the generator set is considered the 
primary source of power for varying loads, so the Prime rating 
is typically about 90% of the Standby rating. In Continuous duty 
applications, the set is expected to produce rated output for 
unlimited hours at constant load (applications where the set may 
be operated in parallel with a utility source and base loaded), 
so the Continuous rating is typically 70% of the Standby rating. 
Load carrying capability of the generator set is a function of the 
expected life or interval between overhauls.

Load Running and Starting Requirements: The power 
required by many load types can be considerably higher while 
starting the load than required for continuous steady state 
running (most motor driven loads that don’t employ some type 
of soft start equipment). Some loads also require higher peak 
power during operation than while running. Still other loads 
cause excessive generator distortion unless the generator is 
sized larger than what is required to power the load. The power 
source must be capable of supplying all operating power 
requirements of the load. 

During starting or peak load operating conditions, sudden load 
transients can cause voltage and frequency disturbances harmful 
to the connected load or large enough to prevent successful 
starting or proper load operation if the generator is undersized. 
While some loads are quite tolerant of short-term transient voltage 
and frequency disturbances, other loads are quite sensitive. In 
some cases, the load equipment may have protective controls 
that cause the load to shut down under these conditions.

A generator set is a limited power source both in terms of engine 
power (kW) and generator volt-amperes (kVA), regardless of the 
type of excitation system. Because of this, load changes will 
cause transient excursions in both voltage and frequency. The 
magnitude and duration of these excursions are affected by the 
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characteristics of the load and the size of the generator relative 
to the load. A generator set is a relatively high impedance source 
when compared to the typical utility transformer. 

Load Step Sequencing: Loads are commonly stepped onto the 
generator set in sequence to reduce the starting requirements 
and, thus, the size of generator required. This requires load 
control and equipment to switch the load onto the generator. 
Multiple transfer switches can be adjusted to connect loads 
at different times using standard time delay transfer setting to 
stagger loads. A few seconds time delay to allow the generator 
to stabilize voltage and frequency is recommended between load 
steps. This will mean that any emergency or legally required loads 
will need to be connected first to meet code requirements. Loads 
requiring higher starting power, like large motor loads, should be 
started while minimum load is connected. UPS loads can be left 
to last since the UPS load is being carried on battery. 

Generator Set Power Ratings: Power ratings for generator 
sets are published by the manufacturers. These ratings describe 
maximum allowable loading conditions on a generator set. It is 
also important to operate generator sets at a sufficient minimum 
load to achieve normal temperatures and properly burn fuel. It 
is generally recommended that a generator set be operated at a 
minimum of 30% of its nameplate rating. 

System Grounding (Earthing): System grounding (earthing) is the 
intentional grounding of the neutral point of a wye-connected 
generator, the corner of a delta-connected generator, or the mid-
point of one-phase winding of a delta-connected generator, to 
ground (earth). It is most common to ground the neutral point of 
a wye-connected generator and bring out the neutral (grounded 
circuit conductor) in a three-phase, four-wire system. 

Automatic Transfer Switches:
Purpose: Transfer equipment is available in many configurations, 
all sharing the same basic function, that of providing a means 
to switch electrical loads between available power sources. 
This equipment is used to increase the availability and reliability 
of power to serve the load equipment. This equipment can be 
manually or automatically operated, open or closed transition, 
include feeder and load overcurrent protection, and employ 
mechanical or electrical switching means. 

Generators
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Automatic transfer switches include controls that continuously 
monitor the condition of both sources, comparing the quality of 
the two sources to the setpoints for conditions including any or 
all of the following: voltage, frequency, phase rotation, and phase 
loss. If any of the sensed conditions fall out of specifications 
within the time set for any intentional time delays, transfer is 
initiated to the alternate source if the alternate source conditions 
are within proper operating conditions. Thus, transfer is automatic 
and unaided by an operator. This type of transfer switch provides 
the most reliable power and is imperative for unattended 
operation. 

In the case of a backup generator system, the first action, if the 
primary source becomes unavailable, will be to send a signal to 
initiate automatic start of the generator set. When the primary 
source of power returns and is within acceptable parameters, 
the control will initiate switching back to that source and, in the 
case of the generator system, initiate the stop sequence of the 
generator set. Usually an automatic transfer switch can be set to 
operate in non-automatic mode or operated manually. 

Location: It is generally recommended to install switches as 
near to the load as possible. The switch is then available to 
transfer the load to the alternate source for most abnormal 
conditions including; failure of the normal source, feeder failure, 
and circuit breaker and fuse operation. In general, more and 
smaller dedicated switches improve reliability of power to critical 
loads. In some applications, multiple dedicated switches are 
required by code to achieve separation of circuits and increase 
power reliability. Multiple smaller transfer switches also provide a 
convenient means to step load the alternate source generator set 
and make it easier to achieve coordination of overcurrent devices, 
both on the line and load side of the switch. Installation of transfer 
equipment nearer the normal utility source service may require 
several considerations: type of applicable transfer equipment; 
service entrance rating; voltage; and downstream overcurrent 
device coordination. 

5
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Automatic transfer switches may be located either inside 
buildings or in exterior locations. They may be located in individual 
enclosures or unit mounted as part of an aggregate assembly 
such as switchboards, motor control centers, distribution 
switchboards or paralleling switchgear. Local codes may dictate 
location for loads in some applications so be sure to check with 
authorities having jurisdiction for location requirements. 

Following are some considerations for determining 
switch location:

• Transfer switches must be mounted in enclosures 
acceptable for the intended duty and application.

• Switches should be placed in locations not likely to be 
adversely impacted by acts of nature or vandalism.

• NEC requires fire pump transfer switches to be accessible to 
only qualified personnel.

• Switches typically are not to be installed in the same room 
where the normal utility service equipment is installed.

• Electrical point of interconnection may dictate physical 
location in many instances. Care must be taken to maintain 
separation of the normal supply circuits and emergency 
circuits until they enter a transfer switch. This is done to 
prevent a catastrophic failure in the normal circuits from 
disabling the emergency circuits.
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Below: Photovoltaic Solar Resource of the United States
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Below: Photovoltaic Solar Resource of the World



6-4 Alternative Energy

Solar Energy

Below: United States Annual Average Wind Power
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Solar Energy

6.1.1 Photovoltaic Fundamentals
Solar PV is a renewable powering solution that converts solar 
irradiance into electricity. Solar has no moving parts and is long-
lasting. Within the right markets or locations, it is also an excellent 
financial investment or technical powering solution for many 
companies within the USA and internationally. Most systems have 
an expected life of 25 or more years with minimal maintenance 
involved. Major components have long warranties, including the 
solar modules themselves with a 25 year production warranty.

Example:

Component Warranty
Solar PV Panel 5 Year hardware warranty, 25 year production warranty

Inverter 10 to 20 Year full warranty

Racking 10 Year warranty

Batteries Site specific, 4 yrs to as many as 20 yrs

Labor and BOS 1 yr +

There are two types of renewable energy systems: "Off-grid" and 
"Grid-tied" systems:

1. An Off-Grid System is not connected to utility power so 
it cannot rely on external electricity sources during solar 
downtime. Because of this, all off-grid systems include 
rechargeable cycling batteries. During daylight hours, the 
solar array supplies electricity to the load and recharges 
the batteries. During nighttime and low-light conditions, the 
batteries supply power to the load. An off-grid system may also 
include a propane or diesel generator and/or a wind turbine. 
This maximizes power supply reliability and reduces the depth 
to which the batteries are discharged every day - extending the 
lifespan of the batteries.

Off-grid systems are engineered to supply electricity to a 
pre-defined load. Precision in estimating the load, particularly 
in systems without generators that can buffer unanticipated 
demand, is very important. If the load is underestimated, the 
system will be under-designed and loss of load and equipment 
shutdown is more likely. With a generator, system shutdown 
is less likely if the system is under-designed, but an increased 
reliance on fuel and replacement generators quickly adds 
up to a greater operating expense than originally planned. If the 
load estimate is above true load, the system will be oversized 
and will incur unnecessary capital expenditures.
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Below: An example of a solar-generator hybrid system with 24 hours of autonomy
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In an off-grid system, the utility is one or more of the following:
1. Unavailable - often off-grid systems are located on mountain 

tops or far from any city or building.
2. Unreliable - lengthy or frequent black-outs cause major 

business disruptions, particularly for mission critical loads.
3. Very costly - in some cases, both the cost of extending grid 

power and ongoing cost of electricity justifies installing off-
grid systems within less than a hundred feet of grid power.

Batteries
Proper battery design and technology selection is absolutely 
critical and can be the difference between replacing batteries 
frequently or infrequently, and impact both cold and hot 
temperatures on load reliability. Flooded lead-acid batteries are 
generally not an option so technology choices are restricted to 
VRLA, NiCad and Lithium-Ion / Polymer. Many considerations 
including customer load profile, temperature, and solar and wind 
production profiles combine for non-linear design impacts.

Using both solar and wind allows for symbiotic electricity 
production; this in turn leads to shallower cycling of a system's 
batteries. Battery lifetime is negatively and often exponentially 
related to Depth of Discharge (DOD) or how much capacity is 
used, which is depicted in the following graph by three sample 
NiCad and AGM lead-acid batteries.
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Key advantages and disadvantages of off-grid renewable systems 
relative to non-renewable systems:

Advantages Disadvantages

• Maintenance greatly reduced 
or eliminated

• Less expensive than utility-line 
extension (or only feasible option)

• Lifespan
• Deployable almost anywhere
• Environmental stewardship

• Extreme weather can 
impact design

• Battery banks necessary 
increasing footprint

Off-grid market applications:
Many industries find distinct market applications for off-grid power:

Telecom Oil & Gas Railroad Gov.
Traffic & 
Security

Base 
Stations

SCADA Signaling Security
Intersection 
Traffic

Cellular / 
GSM

Telemetry
Hot Box 
Detection

General 
Solutions

Surveillance 
Cameras

Repeaters
Cathodic 
Protection

Telecom
Emergency 
Repeaters

Perimeter 
Intrusion

UPS UPS UPS UPS UPS

Backup 
Power

Backup 
Power

Backup 
Power

Backup 
Power

Backup 
Power

Microwave Data Rec.
AEI 
Equipment

Accessed 
Control

VSAT
Measurement, 
Monitoring & 
Control

Track 
Switching

Wireless 
Loop

WiFi
Dragging 
Equipment
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1. A Grid-tied System is connected to a facility's existing 
electrical system, and through it, utility electricity. A decision 
to purchase a commercial grid-tied solar system is motivated 
by a desire for a sound and predictable financial investment. 
Often, this is accompanied by a desire to showcase a strong 
public commitment to social responsibility. The financial 
returns on a grid-tied solar investment are heavily influenced 
by available incentives, the price of utility electricity and how 
sunny the project site is.

Modes of Grid-tied Operation
During the daytime when the solar system is producing electricity, 
the array either operates in standard or net-metering mode. In 
standard mode, the customer electricity demand exceeds solar 
output. In this case, the solar output partially offsets customer 
electricity needs. The remainder of the customer's electricity 
need is met by the utility. This reduces utility demand, in turn 
reducing the electric bill at the customer's retail rate. In net-
metering mode, the solar output fully offsets customer electricity 
needs and exports extra electricity back to the utility. The utility will 
credit surplus electricity against future consumed electricity. 
Depending on the local utility and size of the system, exported 
electricity is credited to the customer at the full rate with a 
true "net metering" policy, or at a reduced rate with an "avoided-
cost" policy.
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System Engineering Output Considerations and Shading Impacts
The basic building block of a solar system is a module. Each 
module is composed of solar cells wired in a series. Each cell 
boosts voltage of the module by around half a volt. "Sunnyness," 
referred to as irradiance, boosts or decreases current output 
- voltage remains relatively constant - thus determining total 
module output. Each module is rated at 12 or 24 Volts.

Cell Module String Array

In off-grid systems, two to four modules are wired in series 
to form a "string" of modules. Strings boost the voltage at a 
constant current. By wiring two to four modules, VOC gets close 
to a nominal 48VOC or 96VOC. Total desired current, and thus 
kW / kVA output is then achieved by wiring multiple strings in 
parallel to form an "array." Close attention is paid to anticipated 
average and worst-case yearly irradiance to ensure the customer 
powering needs will be met 24/7/365. Often, this means 
sacrificing summer and total annual production to maximize 
winter production. Winter maximization is done by orienting the 
panels at an angle that will face most directly towards the sun 
during winter months when the sun is at a lower latitude.

With grid-tied systems, customer load can be supplemented by 
the utility-grid so the overall goal is to maximize utility savings. 
Most utilities charge higher rates in the summer to make up 
for the cost of dispatching expensive "peaker" power plants. 
Combined with net metering and a better solar resource in the 
summer, these rates create the goal of targeting the summer 
months with less consideration of spring and fall, and winter least 
at all; completely opposite the off-grid objective. The difference  
in "tilt" angle of the modules oriented towards the sun between 
off-grid and grid-tied solar modules at the same location is up 
to 40 degrees. 
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To achieve maximum DC to AC inverter efficiency, cost-efficiency 
and cost-effectiveness, as well as decrease Balance of System 
costs tied to the number of strings rather than the number of 
panels, anywhere from 6 to 13 modules are wired together to 
form each string. The project-specific number of panels within 
a string depends on many factors including the record cold 
temperatures at the project site. Counter intuitively, colder 
temperatures boost output and the increased voltage through 
added modules per string can damage inverter circuitry on a cold 
day if too many modules are fed into it. Some inverter warranties 
are void if failure is the result of temperature-corrected modules in 
series in excess of design tolerance.

SummerWinter Year-Round

Shading
Even slight shading on a cell, module, string or array can 
significantly impact system production:

% Solar Array Shaded % Loss in Output

9% 54%

6.5% 44%

3% 25%

Note: Two off-grid five module strings
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6.1.2 Code and Safety
Many standards and codes ensure renewable energy systems are 
reliable for over twenty five years. Renewable energy systems are 
subject to multiple code requirements and standards in order to 
ensure maximum safety is attained during design and operation of 
the systems. Key design features are driven by:

UL 1703 and UL 1741
Photovoltaic panels and solar inverters are required to meet 
UL 1703 and UL 1741 respectively. With regards to grid-tied 
inverters, UL 1741 imposes a strict safety standard in the 
event of a grid outage to avoid exporting power and creating 
dangerous currents while grid power is shut off and utility 
line workers are repairing electrical equipment. Upon inverter 
detection of a lack of grid power, UL 1741 mandates rapid 
automated inverter shut down. This is referred to as "anti-
islanding" protection. UL 1741 is harmonized with IEEE 1547.

The National Electric Code
In the USA, renewable energy systems are required to 
comply with the National Electrical Code. In particular, solar 
PV systems are required to comply with NEC Section 690. 
Depending on the specific location, compliance is required to 
different versions with design ramifications. Currently, most 
utilities and jurisdictions require design to the  standard of NEC 
2008. Example design requirements from the NEC include, 
among other requirements, minimum wire sizing, grounding 
requirements, proper overcurrent protection, and required 
safety features such as approved types of connectors between 
PV panels (NEC 2008 requires MC-4 connectors).

NEC 2011           MC-4 "locking" connectors mandated by NEC 2008
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Authority Having Jurisdiction (AHJ)
Ultimately the Authority Having Jurisdiction has final say in 
what version of the NEC is used, and what safety features 
and proper documentation is required before the start of 
construction. Standards vary by location both nationally and 
internationally. AHJs review plans prior to system construction 
and inspect systems prior to giving approval to interconnect to 
the grid in the case of grid-tied systems.

Local Electric Utility (Primarily Grid-Tied Solar)
The local utility has considerable input both 
before construction and upon completion of 
the project. Utilities place great importance 
on the point of interconnection with the utility 
grid. Almost all utilities require 24/7 access to 
an AC-side electrical disconnect in order to 
safely shut off power under an emergency. 

Sample AC Disconnect

For larger solar arrays, utilities require increasing levels of 
feasibility analysis detail to assess potential electrical reliability 
issues in the case of back-fed electricity. All utilities in Hawaii, 
for example, require substantial analysis of any potential 
solar PV systems larger than 30kW (roughly 140 to 170 
grid-tied PV panels).

Specific and varying types and brands of revenue-grade 
electric meters are mandated by each utility. Some utilities 
require all renewable energy systems to be located "behind 
the meter" or on the customer side of the AC Load Center. 
Other utilities will allow a "line-side tap" connecting the solar 
array on the utility side of the customer's AC Load Center. Line 
side taps can greatly simplify the construction of a PV system 
and avoid potentially expensive upgrades of a customer's 
electrical system.
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6.2.1 Wind Power Fundamentals
Wind is an excellent addition to an off-grid system depending on 
the heavily site-specific wind resource. Wind power is conversion 
of the kinetic energy of wind into electrical energy. Winds are 
produced by differences in air temperature, and hence density, 
between two regions of the earth. The sun heats the earth 
unevenly because of differences in earth surfaces. The earth’s 
rotation is also a key factor in wind production.

Below: Estimated Monthly Wind Production
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How it works: Blades collect energy from the wind; the blades 
are connected to a drive shaft which gears at increasing 
rates. The gears are connected to a high speed shaft which 
drives an electric generator that produces electricity.

Wind turbines output
The amount of power produced is directly dependent on 
wind speed. In general, turbines start producing at winds of 
approximately 10mph, produce best at roughly 30mph and stop 
producing at about 55mph. 

Modern turbines are equipped with a brake; when the wind 
blows too fast, the break keeps the turbines from moving too 
fast and being damaged. Wind turbines are operational under a 
wide range of temperatures: -40°C to 85°C and are capable of 
producing electricity even in the most humid of conditions (i.e., 
100% humidity).

Wind power is exponentially related to "swept area" - diameter of 
area around turbine; likewise, wind power is exponentially related 
to wind speed.

Upwind turbines: Operate facing into the wind and includes a 
yaw drive and motor to keep the rotor facing into the wind as 
wind direction changes.

Downwind turbines: Do not include a yaw drive/motor and face 
away from the wind; lighter than upwind machines, rotors are 
more flexible, more wind shade due to the tower (less common 
than upwind).

Winds usually need to be above 13 miles per hour to keep a 
turbine working efficiently.

Globally, there is an estimated 72 terawatts of wind energy available; 
this is 5x the current power consumption of the whole world.

Turbines are generally designed for a 20 year life. Denser, heavier 
air provides more energy - colder days at lower altitudes produce 
the most wind power. Ideal sites are coastal regions, the top of 
rolling hills and sites away from large trees and tall buildings. 
Keep in mind that trees will grow. Imagine the site 30 years 
from now; the trees will need to be more than 20 feet lower 
than the tower.
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6.2.2 Types
Horizontal-axis: Traditional farm windmills and most 
modern turbines.

"Small turbines" used to power homes and businesses are 
usually less than 100kW.

Utility sized turbines are sometimes as large as 5MW and can 
have blades as long as a football field.
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Below: Wind Siting
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Blade/Rotor: captures energy from the wind, turns the shaft
Drive Train: includes gearbox and generator
Tower: support
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Turbines usually stand 100+ feet above ground in order to 
capture streams of faster, less turbulent wind. While taller towers 
are generally better, there are some instances where you can get 
away with a shorter tower. Shorter towers can be used on the 
top of a smooth hill because as wind blows over the top of a hill, 
the air is compressed and the speed increases. It is important 
that the tower remains at least 20 feet above any surrounding 
object. The two most common types of tower are guyed 
and stand-alone. Guyed towers are generally less expensive 
than stand-alone towers, yet require a bigger footprint to 
accommodate them.

Guyed Tower Monopole Tower

Turbines generally use thyristor semiconductors to smooth the 
transition between connecting and disconnecting from the utility grid.



6-20 Alternative Energy

Wind Power

Hub
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Transmission
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High Speed ShaftHousing

Tower

Blades

Wind power is highly variable. The following graph depicts daily 
wind production. Each line shows electricity output for one day, 
six days in a row (in Denmark during the least windy month of the 
year-June).
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A tool for choosing an ideal location for wind is a "Wind Rose". 
It is used to depict prevailing wind direction and relative wind 
speed of a location. The larger the shaded portion of the graph is, 
the more wind power will be produced from that direction (wind 
patterns will change from year to year - typically by roughly 10%). 

O&M: Roughly 1.5-3 percent of initial installed cost / year; rotor 
blades and gearboxes are generally the first to need replacement 
(15-20% of system cost).

Offshore turbines tend to last longer than onshore turbines 
because there is less turbulence resulting in blades spinning 
evenly and creating less fatigue on the components. 
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Geothermal heat pumps take advantage of variable above ground 
and steady underground temperature differentials to provide year 
round heating and cooling. Geothermal can substantially reduce 
the electricity and natural gas required to meet both heating 
(winter months) and cooling (summer months) needs. Geothermal 
heat pumps are most often used for space heating and cooling 
but can also be adapted to supplement water heating and 
cooling systems as well.

Designs vary based on availability of real estate for the system 
and site specific conditions. When space is not a constraint, 
horizontal underground pipe systems are installed to take 
advantage of lower excavation costs. If space is a constraint, 
vertical underground pipes are drilled deep into the earth. 
Site specific factors including the difficulty of excavation, heat 
conductivity (heat transfer) of the soil itself and available customer 
budget, will determine the type of installation selected for a 
particular location.

At time of publication (2011), an upfront 30% Federal Tax Credit 
is available for Geothermal Heat Pump systems purchased 
throughout the United States. A 5-yr depreciation schedule is 
also available. A moderate number of incentives also exist at the 
state, utility and local level. These change frequently; the latest 
information can always be found at: www.dsireusa.org.

Below: Geothermal image #1
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Below: Geothermal image #2
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Fuel Cell Technology

6.4.1 Hydrogen Fuel Cell Backup Power Systems
Backup power fuel cells use proton electrolyte membrane (PEM) 
technology to provide DC power. PEM fuel cells are fueled directly 
by hydrogen, operate at low temperatures, are smaller than other 
fuel cells, and have a short warm-up time making them very 
suitable to backup headend sites.
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Fuel cells can operate for ten years or more with undiminished 
power quality and quantity. They are environmentally friendly 
because they convert the chemical energy in hydrogen directly 
to electricity with pure water and heat as the only by-products. 
Other advantages for backup power include:

• Operating efficiencies around 50%
• Scalable and modular to operate in parallel
• Wider operating temperature range (-40 to 122°F)
• Indoor or outdoor use with a minimal footprint
• Longer life with no moving parts

6.4.2 How Do Fuel Cells Work?
In a proton electrolyte membrane (PEM) fuel cell, hydrogen atoms 
enter a fuel cell at the anode where a chemical reaction strips 
them of their electrons. The hydrogen atoms are now "ionized" 
and carry a positive electrical charge. The negatively charged 
electrons provide a current through wires to power the headend. 
Oxygen enters the fuel cell at the cathode and combines with 
electrons returning from the electrical circuit and hydrogen ions 
that have traveled through the electrolyte from the anode. As 
long as a fuel cell is supplied with hydrogen and oxygen, it will 
generate electricity. Figure 7 depicts a typical PEM fuel cell.

Figure 7: A typical PEM Fuel Cell
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Figure 9: Actual Fuel Cell and Hydrogen 
Storage Cabinet Installation.

6.4.3 How Are Fuel Cells Installed?
Figures 8 and 9 depict a fuel cell power plant that 
provides backup power for a headend site. 
The power plant consists of three components:

• Hydrogen Storage
• Fuel Cell Stack / Power Module
• Small Amount of Bridge Batteries

Hydrogen
Storage
Cabinet

Tower

Fuel Cell and
Equipment Pad

Propane Tank

Generator

Transformer Storage
Shed

Fuel Cell and
Equipment Pad

Hydrogen
Storage
Cabinet

Storage
Shed

Chain
Link
Fence

Figure 8: Typical Layout of a Fuel Cell Power Plant

Hydrogen Storage
Fuel cell installations are 
typically fueled by a stack of 
8 to 16 compressed hydrogen 
cylinders. These cylinders 
each hold 139 scf of hydrogen 
at a pressure of 2,400psi and 
a weight of 137lbs. They have 
the combined capacity to 
power a fuel cell for 24 to 
96 hours.
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Fuel Cell Stack / Power Module
A single fuel cell will not provide the required power for most 
applications. Therefore, multiple fuel cells, referred to as a stack, 
are linked together in a fuel cell power module to meet the 
required demand. Figure 10 depicts the relationship between the 
fuel cell, the fuel cell stack and the fuel cell power module.

The PEM Fuel Cell The Fuel Cell Stack The Fuel Cell Power Module

Andode (-)

Catalyst layers

Proton exchange
membrane (PEM)

Hydrogen
(H2)

Oxygen
(O2)

Cathode (+)

Water
Heat

• Single cell by-products are heat and water • Multiple cells layered to create a stock

• Heat and water management
• Software and hardware controls
• Power conditioning
• Power Fuel management

Figure 10: Fuel Cell, Fuel Cell Stack and Fuel Cell Power Module

Bridge Batteries
Fuel cell power plants used for backup power typically require a 
DC storage device to provide immediate power while the fuel cell 
powers up. Only a small amount of battery power is needed as 
fuel cell solutions can reach full power between 1½ to 10 minutes 
(depending on fuel cell stack supplier).

6.4.4 How Do Fuel Cell Power Plants Operate?
In the absence of grid power or another primary alternating 
current (AC) power source, the fuel cells, or a combination of 
fuel cells and batteries, provide direct current (DC) power to run 
the equipment. The fuel cells have internal batteries that provide 
temporary "bridge" power until the fuel cell reaches peak power 
production and takes over the load (typically between 1½ 
minutes to 10 minutes). When the primary power source is 
restored, the fuel cells shut down, and the load is returned to 
the primary source.

When hydrogen fuel supply in a fuel cell is low, a self-checking 
alarm remotely alerts the operator to replenish the storage 
cylinders. The operator can resupply the fuel cell via "hot 
swapping" or "bumping." In a "hot-swap" resupply, the operators 
deliver pre-filled hydrogen storage cylinders to the site and swap 
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them individually with the depleted cylinders without disrupting 
backup operations. "Bump" resupply involves refilling the storage 
cylinders at the site. A hydrogen truck delivers hydrogen gas and 
replenishes the existing storage supply.

6.4.5 Do Fuel Cell Power Plants Require Maintenance?
Fuel cells used for headend backup power require less 
maintenance than batteries or generators, but they do require 
periodic maintenance. Some vendors require monthly "hydrogen" 
cycles. Others do not. If no hydration cycle is required, very little 
maintenance is required - only a yearly inspection of the intake 
air filter and radiator fluid levels. There are no moving parts to 
maintain in the fuel cell modules themselves.

*Fuel Cell Technology section provided by   

Economics of Alternative Energy

6.5.1 General Characteristics of Capital Investments
An initial investment in renewable energy saves money in the long 
term. The investment hedges against increasing electricity prices. 
Federal, state and local governments as well as individual utilities 
offer financial incentives for the deployment of renewable energy. 
Each utility program is unique in structure and offering; incentives 
can be short-lived and timing is imperative.

6.5.2 Sources of Funds
Bank loans - Some banks offer special rates for the 
development of renewable energy systems.

Power Purchase Agreements (PPA) - see page 6-29 for more 
information on PPAs.

State rebates - Many states offer rebates for renewable energy 
projects. There is a positive correlation between having a high 
Renewable Portfolio Standard and good incentive rebates.
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Utility rebates - Examples of utility rebates are:
• Upfront rebates based on installed capacity in exchange 

for the Renewable Energy Credits (RECs) associated with 
the system.

• Production Based Incentives: the customer receives a 
pre-determined amount for each kWh produced by their 
system in exchange for the RECs; generation is consumed 
onsite with excess being sent back to the utility to offset 
further electricity consumption (net metering).

• Feed-in-Traiffs: Customer receives a specified dollar amount 
to provide the utility with renewable energy generated by 
the system; customer does not consume this electricity and 
instead purchases all electricity from the utility.

Federal incentives - 30% Federal Tax Credit or Rebate, for 
information please see below.

6.5.3 Tax Considerations
• Incentives are front loaded, money invested today is returned 

quickly. For more information about government and utility 
renewable energy incentives visit: www.dsireusa.org

• 30% Federal Tax Credit or Rebate 
The cost of a solar system is reduced 30% in Year 1 by 
the Federal Investment Tax Credit (Off-Grid and Grid-Tied). 
The credit can also be taken as a rebate, upon successful 
application to the Federal Department of the Treasury. The 
credit is taken against Federal Tax Burden in the year the 
system is installed. The credit is not reduced by any other 
state or utility incentives.

• 2011 MACRS Depreciation 
Solar installations are eligible to take advantage of favorable 
accelerated depreciation. Renewable energy property 
placed in service between Sept 8, 2010-Jan 1, 2012 
can be depreciated 100% in the first year. After this date, 
property is eligible for 5-year depreciation with 50% taken 
in the first year.

• Some states offer tax credits for renewable energy 
installations (AZ, HI, KS, MT, NC, OR, VT).

• State and utility incentives will be taxable as income by the 
federal government.

• Tax savings: electricity savings are an avoided cost, therefore 
are not taxable.



6-29Alternative Energy

Economics of Alternative Energy

6.5.4 Project Measures of Worth
Offset utility bills - Installing a renewable energy system for  
a fixed price today will hedge against rising electricity rates, 
system owner will essentially be receiving free electricity while 
utility prices increase.

Display a commitment to the environment - Excellent PR; 
unlike energy efficiency updates which are often invisible to 
customer employees and the public, a renewable energy system 
is a physical reminder that the customer is dedicated to reducing 
their carbon footprint.

Educational tool - Data monitoring systems can be installed 
with the renewable energy system to track energy production. 
These monitoring systems come complete with online monitoring 
describing how the system produces electricity as well as 
tracking current and past production. Kiosks are available for 
public display of the system monitoring.

Reduce carbon footprint - For each kWh produced by a 
renewable energy system, one less kWh is produced by a 
traditionally powered utility. 

6.5.5 Power Purchase Agreements (PPA)
A Power Purchase Agreement is an excellent way to eliminate 
upfront expenditure on a renewable energy system. A third 
party will own and operate the system located on a customer's 
property for the contract duration (usually 15-20 years). During 
this time, the customer will pay a negotiated amount for the solar 
electricity generated by the system. This amount is a premium 
over utility rates for the first few years, but as utility rates increase 
the PPA amount can hit and duck below "grid parity". At the end 
of the contract term, the customer may purchase the system for 
a reduced price.

6
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Conversion Factors

Multiply By To Obtain

Length

Centimeters x 0.3937 Inches

Feet x 12 Inches

Feet x 0.3048 Meters

Inches x 2.24 Centimeters

Inches x 25.4 Millimeters

Kilometers x 0.6214 Miles

Meters x 3.281 Feet

Meters x 39.37 Inches

Meters x 1.094 Yards

Miles x 5280 Feet

Miles x 1.609 Kilometers

Millimeters x 0.03937 Inches

Yards x 0.9144 Meters

Area

Circular Mils x 7.854 x 10-7 Square Inches

Circular Mils x 0.7854 Square Mils

Square Centimeters x 0.155 Square Inches

Square Feet x 144 Square Inches

Square Feet x 0.0929 Square Meters

Square Inches x 6.452 Square Centimeters

Square Meters x 10.764 Square Feet

Square Meters x 1.196 Square Yards

Square Millimeters x 0.00155 Square Inches

Square Mils x 1.273 Circular Mils

Square Yards x 0.8361 Square Meters
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Multiply By To Obtain

Volume

Cubic Centimeters x 0.061 Cubic Inches

Cubic Feet x 0.0283 Cubic Meters

Cubic Feet x 7.481 Gallons

Cubic Inches x 0.5541 Ounces

Cubic Meters x 35.31 Cubic Feet

Cubic Meters x 1.308 Cubic Yards

Cubic Meters x 264.2 Gallons

Gallons x 0.1337 Cubic Meters

Gallons x 3.785 Liters

Liters x 0.2642 Gallons

Liters x 1.057 Quarts

Ounces (fluid) x 1.805 Cubic Inches

Ounces (liquid) x 0.9463 Liters

Force and Weight

Grams x 0.0353 Ounces

Kilograms x 2.205 Pounds

Kilograms x 0.0011 Tons (short)

Newtons x 0.2248 Pounds (force)

Ounces x 28.35 Grams

Pounds x 453.6 Grams

Pounds (force) x 4.448 Newtons

Tons (short) x 907.2 Kilograms

Tons (short) x 2000 Pounds

Pressure

Atmosphere x 101325 Pascals

Atmosphere x 14.7
Pounds Per 
Square Inch

Pascals x 0.102
Kilograms Per 
Square Meter
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Conversion Factors

Multiply By To Obtain

Torque

Gram-Centimeters x 0.0139 Ouce-Inches

Kilograms-Meters x 7.233 Pound-Feet

Newton-Meters x 0.7376 Pound-Feet

Newton-Meters x 8.851 Pound-Inches

Ounce-Inches x 72 Gram-Centimeters

Pound-Feet x 1.3558 Newton-Meters

Pound-Inches x 0.113 Newton-Meters

Energy/Work

Btu x 778.2 Foot-Pounds

Btu x 252 Gram-Calories

Btu x 3.93015 x 10-4 Horsepower-Hour

Btu x 1055.056 Joule

Btu x 2.9309 x 10-4 Kilowatt-Hour

Coulombs x 1.036 x 10-5 Farads

Farads x 96,500 Amperes

Joule x 9.478 x 10-4 Btu

Kilowatt Hour x 3.6 x 106 Joule

Power

Ampere-Hours x 3600 Coulombs

Btu Per Hour x 0.293 Watts

Horsepower x 33000
Foot-Pounds 
Per Minute

Horsepower x 550
Foot-Pounds 
Per Second

Horsepower x 0.7457 Kilowatt

Horsepower x 746 Watts

Kilowatts x 1.341 Horsepower

Plane Angle
Degrees x 0.0175 Radians

Minutes x 0.01667 Degrees

Minutes x 2.9 x 10-4 Radians

Quadrants x 90 Degrees

Quadrants x 1.5708 Radians

Radians x 57.3 Degrees
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°C °F °C °F °C °F °C °F

-250 -418 0 32 36 96.8 200 392

-200 -328 1 33.8 37 98.6 225 437

-150 -238 2 35.6 38 100.4 250 482

-100 -148 3 37.4 39 102.2 275 509

-90 -130 4 39.2 40 104 300 572

-80 -112 5 41 41 105.8 325 617

-70 -94 6 42.8 42 107.6 350 662

-60 -76 7 44.6 43 109.4 375 707

-50 -58 8 46.4 44 111.2 400 752

-40 -40 9 48.2 45 113 450 842

-30 -22 10 50 46 114.8 500 932

-25 -13 11 51.8 47 116.6 550 1022

-24 -11.2 12 53.6 48 118.4 600 1112

-23 -9.4 13 55.4 49 120.2 650 1202

-22 -7.6 14 57.2 50 122 700 1292

-21 -5.8 15 59 51 123.8 800 1472

-20 -4 16 60.8 52 125.6 900 1652

-19 -2.2 17 62.6 53 127.4 1000 1832

-18 -0.4 18 64.4 54 129.2 1500 2732

-17 1.4 19 66.2 55 131 2000 3632

-16 3.2 20 68 56 132.2 2500 4532

-15 5 21 69.8 57 134.6 3000 5432

-14 6.8 22 71.6 58 136.4 3500 6332

-13 8.6 23 73.4 59 138.2 4000 7232

-12 10.4 24 75.2 60 140 4500 8132

-11 12.2 25 77 70 158 5000 9032

-10 14 26 78.8 80 176 5500 9932

-9 15.8 27 80.6 90 194 6000 10832

-8 17.6 28 82.4 100 212 6500 11732

-7 19.4 29 84.2 110 230 7000 12632

-6 21.2 30 86 120 248 7500 13532

-5 23 31 87.8 130 266 8000 14432

-4 24.8 32 89.6 140 284 8500 15332

-3 26.6 33 91.4 150 302 9000 16232

-2 28.4 34 93.2 160 320 9500 17132

-1 30.2 35 95 180 356 10000 18032

Temp. C° = 5/9 x (Temp. F° - 32)
Temp. F° = (9/5 x Temp. C°) + 32
Ambient Temperature is the temperature of the surrounding 
cooling medium.
Rated temperature rise is the permissible rise in temperature 
above ambient when operating under load.
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U.S. Weights and Measures

Linear Measure

1 Inch Equals 2.54 Centimeters

12 Inches Equals 1 Foot 3.046 Decimeters

3 Feet 1 Yard 9.144 Decimeters

5280 Feet 1 Mile 1.609 Kilometers

Area Measure

1 Sq. Foot Equals 144 Sq. Inches

1 Sq. Yard 9 Sq. Feet

1 Acre 4 Roods

1 Sq. Mile 640 Acres

1 Section 1 Sq. Mile

Weight Measurements

Avoirdupois Weight System

1 Ounce Equals 16 Drams

1 Pound 16 Ounces

1 Hundredweight 100 Pounds

1 Ton 2000 Pounds

Troy Weight System

1 Carat Equals 3.17 Grains

1 Pennyweight 20 Grains

1 Ounce 20 Pennyweights

1 Pound 12 Ounces

Kitchen Weight System

1 U.S. Pint Equals 16 Fl. Ounces

1 Standard Cup 8 Fl. Ounces

1 Tablespoon 0.5 Fl. Ounces

1 Teaspoon 0.16 Fl. Ounces
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Liquid Measurements

1 Pint Equals 2 Cups

1 Quart 2 Pints

1 Gallon 4 Quarts

1 Barrel
42 Gallons 
(petroleum or crude oil)

Cubic Measurements

1 Cu. Foot Equals 1728 Cu. Inches

1 Cu. Yard 27 Cu. Feet

A Cu. Foot 7.48 Gallons

1 Gallon (water) 8.34 lbs

1 Gallon (U.S.) 231 Cu. Inches of water
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Metric System

Linear Measure

1 Centimeter Equals 10 Millimeters Equals .39 Inches

1 Decimeter 10 Centimeters 3.94 Inches

1 Meter 10 Decimeters 39.37 Inches

1 Dekameter 10 Meters 32.8 Feet

1 Hectometer 10 Dekameters 328.08 Feet

1 Kilometer 10 Hectometers 3280.8 Feet

Area Measure

1 Sq. 
Centimeter

Equals
100 Sq. 
Millimeters

Equals .155 Sq. Inches

1 Sq. 
Decimeter

100 Sq. 
Centimeters

15.5 Sq. Inches

1 Sq. Meter
100 Sq. 
Decimeters

10.76 Sq. 
Inches

1 Sq. 
Dekameter

100 Sq. Meters 1076.4 Sq. Feet

1 Hectare (ha)
100 Sq. 
Dekameters

2.47 Acres

1 Sq. 
Kilometer

100 Sq. 
Hectometers

.386 Sq. Miles

Weight Measurements

1 Centigram Equals 10 Milligrams Equals .15 Grains

1 Decigram 10 Centigrams 1.54 Grains

1 Gram 10 Decigrams .035 Ounces

1 Dekagram 10 Grams .35 Ounces

1 Hectogram 10 Dekagrams 3.52 Ounces

1 Kilogram 10 Hectograms 2.2 Pounds

1 Quintal 100 Kilograms 220.46 Pounds

1 Metric Ton 10 Quintals 1.1 Short Tons
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Liquid Measurements

1 Centiliter Equals 10 Millimeters Equals .34 Fl. Ounces

1 Deciliter 10 Centiliters 3.38 Fl. Ounces

1 Liter 10 Deciliters 33.81 Fl. Ounces

1 Dekaliter 10 Liters 2.64 Gallons

1 Hectoliter 10 Dekaliters 26.42 Gallons

1 Kiloliter 10 Hectoliters 264.18 Gallons

Cubic Measurements

1 Cu. 
Centimeter

Equals
1000 Cu. 
Millimeters

Equals .06 Cu. Inches

1 Cu. 
Decimeter

1000 Cu. 
Centimeters

61.02 Cu. 
Inches

1 Cu. Meter
1000 Cu. 
Decimeters

35.31 Cu. Feet

Measurement of Fuels

Unit Type Fuel Type Fuel Units Unit Symbol

AC Generator Natural Gas Cubic Feet cf

AC Generator Diesel Gallons gal

DC Generator Natural Gas Cubic Feet cf

DC Generator
LP - Liquid 
Petroleum

Gallons gal

Fuel Cell Hydrogen Pounds lbs.
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Metal Properties

Metal 
or Alloy

Specific 
Gravity
(g/cc)

Melting Point Thermal 
Cond. 20°C
W/CM. °C

Thermal 
Expansion 
Near 20°C 
(X 10-6/°C)

Electric 
Cond.
% Copper °F °C

Aluminum 
(Al)

2.70 1120 660 2.22 23.6 .0978

Beryllium 
(Be)

1.83 2354 1280 1.46 11.6 .0660

Bismuth (BI) 9.80 520 271 0.08 13.3 .3540

Brass 8.51 1652 900 1.17 20.3 .3070

Bronze 8.87 1832 1000 1.88 18.4 .3200

Cadmium 
(Ca)

8.65 610 321 0.92 29.8 .3120

Cobalt (Co) 8.90 2723 1495 0.69 13.8 .3210

Copper (Cu) 8.89 1981 1083 3.91 16.8 .3210

Gold (Au) 19.30 1945 1063 2.96 14.2 .6970

Iron (Fe) 7.2 2800 1538 0.75 11.8 .2600

Lead (Pb) 11.40 621 327 0.35 29.3 .4120

Magnesium 
(Mg)

1.74 651 1204 1.53 27.1 .0628

Mercury (Hg) 13.65 -37.7 -38.9 0.08 - .4930

Molybdenum 
(Mo)

10.20 4730 2610 1.42 4.9 .3680

Monel 887 2372 1300 0.26 14.0 .3200

Nickel (Ni) 8.90 2647 1453 0.61 13.3 .3210

Platinum (Pt) 21.46 3221 1773 0.69 8.9 .7750

Silver (Ag) 10.50 1760 960 4.18 19.7 .3790

Steel 7.84 2436 1330 0.5 11.0 .2830

Tin (Sn) 7.30 450 232 0.63 23.0 .264

Titanium (Ti) 4.50 3034 1668 0.41 8.4 .162

Tungsten (W) 19.30 6170 3410 1.67 4.6 .697

Uranium (U) 18.70 2066 1130 0.27 7-14 .675

Zinc (Zn) 7.14 788 420 1.10 33.0 .258

Zirconium 
(Zr)

6.40 3366 1852 0.21 0.58 .231
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Outlets

Outlet

D Drop Cord

F Fan Outlet

J Junction Box

L Lamp Holder

S Pull Switch

V Vapor Discharge Switch

X Exit Outlet

C Clock Outlet

B Blanked Outlet

Switches

S Single Pole Switch

S2 Double Pole Switch

S3 Three Way Switch

S4 Four Way Switch

SD Automatic Door Switch

SE Electrolier Switch

SK Key Operated Switch

SP Switch and Pilot Lamp

SCB Circuit Breaker

SWCB Weatherproof Circuit Breaker

SMC Momentary Contacts Switch

SRC Remote Control Switch

SWP Weatherproof Switch

SF Fused Switch

SWPF Weatherproof Fused Switch
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Electrical Symbols

Component Symbol Alternate

AC supply

Ammeter A
And Gate

Antenna, Balanced

Antenna, General

Antenna, Loop, 
Shielded

Antenna, Loop, 
Unshielded

Antenna, 
Unbalanced

Attenuator, Fixed

Attenuator, Variable

Battery

Capacitor, Fixed, 
Nonpolarized

Capacitor, Fixed, 
Polarized
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Electrical Symbols

Component Symbol Alternate

Capacitor, Ganged, 
Variable

Capacitor, General

Capacitor, Variable, 
Single

Capacitor, Variable, 
Split-Stator

Cathode, Cold

Cathode, 
Directly Heated

Cathode, 
Indirectly Heated

Cavity Resonator

Cell

Circuit Breaker

Coaxial Cable

Crystal, 
Piezoelectric

DC supply
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Electrical Symbols

Component Symbol Alternate

Delay Line

Diode, General

Diode, 
Light-Emitting

Diode, Photovoltaic

Diode, Zener

Directional Coupler

Exclusive-Or Gate

Female Contact, 
General

Ferrite Bead

Fuse

Galvanometer G
Ground, Chassis

Inductor, Air-Core
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Electrical Symbols

Component Symbol Alternate

Inductor, Bifilar

Inductor, Iron-Core

Inductor, Tapped

Integrated Circuit

Inverter

Jack, Coaxial

Jack, Phone, 
2-Conductor

Jack, Phone, 
2-Conductor 
Interrupting

Jack, Phone, 
3-Conductor

Jack, Phono

Key, Telegraph

Lamp, Incandescent

Lamp, Neon
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Symbols for Power Systems and Facilities

Electrical Symbols

Component Symbol Alternate

Male Contact, 
General

Motor M

Nand Gate

Negative Voltage 
Connection

Nor Gate

Ohmmeter Ω
Operational 
Amplifier

Or Gate

Oscilloscope

Outlet, Utility, 117-V

Outlet, Utility, 234-V

Photocell, Tube

Plug, Phone, 
2-Conductor
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Electrical Symbols

Component Symbol Alternate

Plug, Phone, 
3-Conductor

Plug, Phono

Plug, Utility, 117-V

Plug, Utility, 234-V

Positive Voltage 
Connection

Potentiometer

Probe, 
Radio-Frequency

Rectifier, 
Semiconductor

Rectifier, 
Silicon-Controlled

Rectifier, Tube-Type

Relay, DPDT

Relay, SPDT

Relay, SPST
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Electrical Symbols

Component Symbol Alternate

Resistor, Variable 
(Rheostat)

Resistor, Variable 
(Potentiometer)

Resistor, Variable 
(Preset)

Resonator

Rheostat

Saturable Reactor

Shielding

Signal Generator

Switch, DPDT

Switch, DPST

Switch, 
Push switch

Switch, 
Push to Break

Switch, SPDT
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Electrical Symbols

Component Symbol Alternate

Switch, SPST

Terminals, General, 
Balanced

Terminals, General, 
Unbalanced

Test Point

Thermocouple

Transformer, 
Air-Core

Transformer, 
Iron-Core

Transformer, 
Tapped Primary

Transformer, Tapped 
Secondary

Transistor, Bipolar, 
npn

Transistor, Bipolar, 
pnp

Transistor, 
Photosensitive

Transistor, 
Unijunction
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Electrical Symbols

Component Symbol Alternate

Tube, Diode

Tube, Pentode

Tube, 
Photomultiplier

Tube, Tetrode

Tube, Triode

Unspecified 
Component

Voltmeter V
Wattmeter W
Wires

Wires, Connected, 
Crossing



7-21General Reference Information

Safety Reference

7

7.7.1 Battery Safety
WARNING!

Lead-acid batteries contain dangerous voltages, currents and 
corrosive material. Battery installation, maintenance, service and 
replacement must be performed only by authorized personnel.

Safety Equipment and Clothing
When working with any battery system, be sure you have the 
necessary tools and safety equipment, including but not limited 
to: insulated tools, face shield and protective goggles, rubber 
apron or acid resistant cloth, rubber gloves, emergency eye wash 
and shower, fire extinguisher and acid spill cleanup kit.

ALWAYS: 
• Remove all jewelry (i.e., rings, watches, chains, etc.)
• Keep sparks, flames and smoking material away from 

the battery.

NEVER lay tools or other metallic objects on the battery cell. 
Using the correct tools and wearing proper safety equipment will 
help prevent injury should an accident occur.

Sulfuric Acid Burns
Stationary batteries are safe when operated and handled properly. 
However, they do contain sulfuric acid, which can cause burns 
and other serious injuries.
In case of contact with skin or cloth, immediately:

• Remove contaminated clothing.
• Flush the area thoroughly with water.
• Get medical attention, if required.
• In case of eye contact with sulfuric acid, immediately:

Flush thoroughly every few minutes with large amounts 
of water.
Get medical attention.

***If acid is spilled it should be neutralized with a solution of 1 
pound of baking soda to 1 gallon of water (1kg NaHCO3 / 10l 
water) and then washed off with water.
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Explosive Gases and Fire
Batteries generate explosive gases in all stages of operation. 
Under extreme conditions these gases can explode, causing 
blindness and other serious personal injury.
Consider the following:

• Always wear protective clothing and use the correct 
safety tools.

• Eliminate any potential of sparks, flames or arcing.
• Before working on the battery, be sure to discharge static 

electricity that can build up on tools or the technician by 
touching a grounded surface in the vicinity of the battery but 
far enough from the cells and flame arresters to avoid ignition 
of any hydrogen gas present.

• Provide adequate ventilation of the battery room.
In case of fire:

• If batteries are connected to a charger, shut off power.
• Extinguish a fire in a battery room containing lead acid 

batteries, using CO2, foam, or dry chemical extinguishing 
media. DO NOT discharge the extinguisher directly onto the 
battery. The resulting thermal shock may cause cracking of 
the battery/case cover.

• Leave the area as soon as possible if toxic fumes are present.
• Wear breathing apparatus if it is required to remain in the area.

Electrical Shocks and Burns
Multi-cell battery systems can attain high voltage and/or currents; 
therefore, do not touch uninsulated battery connectors or 
terminals. To prevent serious electrical shock and burns, use 
extreme caution when working with the system.

• Always wear protective clothing and use nonconductive or 
insulated tools when working with any battery system.

• Remove all jewelry or loose clothing.
Before working on the system:

• Disconnect all loads and power sources to the battery.
• If working on an assembled battery system, sectionalize 

(interrupt the battery sections) into safe working 
voltage levels.

• Check the battery system grounding. Grounding of the 
battery system is not recommended. However, grounding of 
the rack is recommended. Should you be required to work on 
a grounded battery system, make absolutely sure you use the 
correct safety precautions, equipment and clothing.
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7.7.2 Mechanical Safety
• Keep hands and tools clear of fans.
• Fans are thermostatically controlled and will turn on automatically.
• Power supplies can reach extreme temperatures under load.
• Use caution around sheet metal components, especially 

sharp edges.
• Depending on the model, batteries can weigh anywhere 

from 25 to 100 pounds (11 to 45kg). Exercise care 
when handling and moving batteries. Use proper 
handling equipment.
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Definitions

A
AC: Alternating Current 
An electrical current that reverses direction in a circuit at regular intervals. 
Alternating current is the type of electricity produced and delivered by the 
utility (power company) to your wall plug. AC is delivered worldwide in 
several different voltages. In the United States: 120Vac (home to home); 
208Vac (industrial); and 240Vac (home to office). Japan is 100Vac, while 
Europe is 230Vac

A/D: Analog to Digital
Changing an analog (linear) voltage to a digital (discrete) voltage. Think of a 
waveform being converted to a series of zeros and ones.

ADC: Analog to Digital Converter
A circuit that converts the analog (linear) voltage to a digital (discrete) 
voltage. 

ADSL: Asymmetrical Digital Subscriber Line
One of many emerging telephone architectures. Using a combination of 
optical fiber and twisted-pair copper wire, it can provide digital services such 
as Internet Access, Video on Demand, Simplex Video, Remote LAN Access, 
and Interactive Multimedia.

A/AMP: Ampere
The Ampere is a unit of electrical current. To help remember what it 
represents, think of a river and the quantity or amount of the current passing 
in front of you.

AMM: Amp Meter
Meter that displays the amount of electrical current supplied to the 
connected equipment.

ANSI: American National Standards Institute
The American National Standards Institute (ANSI) coordinates the 
development and use of voluntary consensus standards in the United States 
and represents the needs and views of U.S. stakeholders in standardization 
forums around the globe.

Anlg: Analog
Quantities or representations that are variable over continuous range are 
referred to as analog (i.e., linear voltage).

ATE: Automatic Test Equipment
Automatic test equipment is any automated device that is used to quickly 
test printed circuit boards, integrated circuits, or any other related electronic 
components or modules.



7-25General Reference Information

Definitions

7

AUX: Auxiliary
A backup, or secondary unit designed to take over should the primary unit fail.

AWG: American Wire Gauge
Metal wire is available in many different sizes or diameters. Wire is classified 
according to diameter by giving it a number. The smaller the number the 
larger the diameter. For example, #2 AWG wire has a larger diameter that #6 
AWG wire. Typical house wire is #12 AWG or #14 AWG. Internationally, the 
system is simpler -- the diameter is specified. A 0.4mm wire is approximately 
equivalent to a #24 AWG.

B
Blackout
Total loss of electrical power.

Btu
British thermal unit, e.g.: 1,000Btu

C
CAL: Calibration
To check, standardize, or adjust systematically, the graduations of a device (a 
measuring instrument).

CAP: Capacitor
An electronic component used to temporarily store electrical energy. In Alpha 
power modules, the “tank” capacitor is the large cylindrical component 
connected to the transformer that allows the power supply to become 
uninterruptible. During a power outage, the capacitor has enough stored 
energy to continue powering the transformer for several milliseconds until the 
batteries come on-line and take over.

CATV: Community Antenna Television
The term CATV was originally used when a local provider received television 
signals from a single antenna (usually located on a mountain top or a 
tall building) to provide the local community with hard to receive ‘on air’ 
broadcasts. To reflect current technology, the proper terminology is “cable 
TV” instead of CATV.
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CB: Circuit Breaker
A circuit breaker is a magnetic or thermal switch that automatically stops 
the flow of electric current whenever current overload or short circuit occurs. 
Circuit breakers are rated according to amperage and come in various 
shapes and sizes. Most AC outlets in your home are protected by a 15Amp 
circuit breaker; whereas the dryer is a 40Amp breaker.

CcT: Circuit
A circuit is a closed path through which an electric current flows. If 
you think of your home, typically each room is serviced by a dedicated 
electrical circuit, protected by a circuit breaker in the main service 
panel - that way you can turn sections of your home ON or OFF without 
affecting the entire house.

CMOS: Complimentary Metal-Oxide Semiconductor 
An integrated circuit based on insulated-gate field effect transistors. CMOS 
circuits have several advantages over bipolar integrated circuits and account 
for a substantial proportion of all semiconductor devices produced.

CMTS: Cable Modem Termination System
A cable modem termination system or CMTS is equipment typically found in 
a cable company’s headend and is used to provide high speed data services, 
such as cable internet or Voice over IP, to cable subscribers.

Conv: Conversion
To change into another form, substance, or product: transform.

CPS: Centralized Power System
Traditional cable television powering uses a technique called “distributed 
power” where approximately every 1/4 mile the signal must be boosted using 
an amplifier. If one amplifier goes out, the remaining amplifiers also lose the 
signal. With the addition of multiple services, including additional channels 
and telephone service, an alternative to distributed power was needed.

CSA: Canadian Standards Association
The Canadian Standards Organization is Canada’s version of Underwriters 
Laboratory (UL). The CSA symbol means that a product or component has 
been subjected to numerous tests to determine product safety and reliability.

Cur: Current
Current is the flow of electricity passing through a point in a wire or circuit. 
This flow is measured in amperes. For example, think of a river and the 
amount of water (current) passing a point in front of you.
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D
dBa: Decible A-Weighting 
A single-number measurement based on the decibel but weighted to 
approximate the response of the human ear with respect to frequencies, 
e.g. 45dBA.

DBS: Direct Broadcast Satellite
DBS is 1-way satellite technology sending digital video and audio to an 18” 
dish. Typical service providers include: Direct TV, USSB, Primestar (similar 
to cable TV).

DC: Direct Current
A steady electric current that flows in one direction, such as a battery. Also, 
the average of quantity, such as DC current or DC voltage.

DHCP: Dynamic Host Configuration Protocol
DHCP is a set of rules used by communications devices such as a computer, 
router or network adapter to allow the device to request and obtain an IP 
address from a server which has a list of addresses available for assignment.

Dio: Diode
A diode is an electronic device made of two types of doped silicon: one 
doped with holes (P-type) and one doped with electrons (N-type). Since 
electric current passes through it in only one direction, the diode is ideal for 
use as a rectifier (AC in on one side, DC out on the other). Diodes are used in 
most Alpha products.

DIP: Switch Dual In-Line Package
An electronic component containing many small switches, usually attached 
to a circuit board.

DLC: Digital Loop Carrier
One of many emerging telephone architectures. Using optical fiber to replace 
existing copper feeder cable, a multiplexer/demultiplexer is located at the 
central office and remote terminal to provide greater bandwidth and capacity 
for voice and data.

DOCSIS: Data Over Cable Service Interface System
Data protocol set forth by the Society of Cable Telecommunications 
Engineers. Defines interfaces for cable modems involved in high speed data 
distribution over cable television networks.

DPDT: Double Pole Double Throw
A double pole switch opens and closes two circuits at the same time. In 
comparison, the switch that turns the lights ON and OFF in your home 
(single pole single throw) only opens or closes one side of the current.
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DSL: Digital Subscriber Line
Another one of many telephone architectures. Using a combination of 
optical fiber and twisted-pair copper wire, it provides greater bandwidth 
and capacity for ISDN (Integrated Services Digital Network) services such 
as speed dialing, call waiting, caller ID, video conferences, e-mail, internet 
access, etc.

DVM: Digital Voltmeter
A digital voltmeter is used to measure voltages. It is more accurate than an 
analog voltmeter.

E
EMC: Electromagnetic Compatibility
The branch of electrical sciences which studies the unintentional generation 
and propagation of electromagnetic energy and the possible unwanted 
effects of electrical systems or devices receiving that energy.

EMI: Electromagnetic Interference
An electrical or electronic circuit can create an electromagnetic field. The 
variation of the electromagnetic field creates electromagnetic interference 
(EMI) which can affect the operation of the equipment, or possibly, any 
nearby equipment.

Emtr: Emitter
The region from which the current carriers are emitted into the base in a 
semiconductor bipolar transistor.

EMS: Element Management System
An element management system (EMS) manages one or more of a specific 
type of network elements (NEs). An EMS allows the user to manage all the 
features of each NE individually, but not the communication between NEs - 
this is done by the network management system (NMS).

Encl: Enclosure
The “outer wrapper” housing of the electronic components.

ESD: Electro-Static Discharge
A transient, or rapid transfer of charge, between bodies at different 
electrostatic potentials (voltages). ESD can be as high as several thousand 
volts and is extremely harmful to electronic components. When you rub your 
feet on the carpet and get zapped reaching for the door handle, you have 
experienced ESD. ESD is most likely to cause failures during time of low 
humidity, such as winter.
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F
F: Farad
A unit equal to the capacitance of a capacitor, having a charge of 1 coulomb 
(an electric charge) each plate has a potential difference of 1 volt between 
the plates.

FC: Ferrite Core
A ferrite core is made from ferrite material (iron) and designed for the purpose 
of increasing the magnetic field.

FET: Field Effect Transistor
A semiconductor device used as an amplifier, oscillator, or switch. The FET 
operates on the basis of the interaction of an electric field with semiconductor 
material.

FITL: Fiber In The Loop
Technology to provide voice, video, and data using a combination of optical 
fiber, coaxial cable and twisted-pair wire. FITL uses fiber optics in the 
distribution portion (loop) between the service provider’s switching center and 
the individual telecommunications equipment (central node). This replaces the 
copper feeder cable, increasing bandwidth and capacity. FITL 
is commonly referred to as the “last mile” to the customer.

FTTH: Fiber To The Home
One of the many emerging design technologies to provide voice, video, 
and data using glass fiber. FTTH uses fiber optics from the provider’s 
switching center directly into individual homes. Even though this is, 
perhaps, the ideal solution, there are numerous cost factors involved 
which may prohibit its usage.

Fu: Fuse
A fuse is used to protect an electrical circuit. The most common fuses 
are made of glass with a thin piece of wire in the middle. When an over 
current condition occurs, the wire melts and opens the circuit, stopping  
the flow of current.

Fubx: Fuse Box
The fuse box provides a protective enclosure for the fuse or fuses.

Gnd: Ground
Ground is the term generally used to describe the common connection in an 
electrical or electronic circuit (almost always ultimately routed to the earth). In 
North America, the standard color for ground is GREEN.
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HFC: Hybrid Fiber Coax
One of many emerging design technologies to provide voice, video and data. 
HFC features an architecture using a combination of optical fiber and coaxial 
cable over a single network. This greatly increases bandwidth and capacity 
over coaxial cable technology.

HMS: Hybrid Management System
A committee formed to standardize status monitoring communication 
among broadband equipment providers. The HMS protocol was replaced by 
DOCSIS, but is still responsible for developing and maintaining MIBs used in 
status monitoring applications.

Hz: Hertz
Hertz is the international standard for a measurement of frequency (cycles 
per second). The standard frequency for electrical power in the United States 
and Canada is 60Hz (60 cycles per second). In Europe, the frequency is 
50Hz (50 cycles per second).

I
IC: Integrated Circuit
An integrated circuit is a complete circuit manufactured as a single package. 
These tiny wafers (chips) are made of silicone and contain electronic 
components, their interconnections etched or imprinted into the wafer’s 
substrate material.

Idcr: Inductor
Inductors, sometimes referred to as chokes, produce a voltage which 
attempts to keep current constant.

Impd: Impedance
Impedance is a measure of the total opposition (i.e., resistance and 
reactance) a circuit offers to the flow of alternating current (AC). Measured 
in ohms, the lower the impedance of the circuit the better the quality of 
the conductor. A good example is water moving through a garden hose: a 
small hose creates resistance and impedes the movement of water (thus a 
small volume of water passes through it); a larger diameter hose has less 
resistance and moves greater volumes of water at a higher rate.

I/O: Input/Output
I/O is the abbreviation for the input (signal into a circuit) and output (signal 
out of a circuit) for a particular piece of equipment or device.

Intfc: Interface
A point at which independent systems interact or interconnect.
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Inv: Inverter
A device which converts direct current electricity (DC) to alternating 
current electricity (AC). Alpha products use an inverter to take power 
from a set of rechargeable batteries and invert it into AC when there 
is a utility power outage.

ISDN Integrated services digital network.

ISO: International Standards Organization
The International Standards Organization is a globally recognized agency 
monitoring manufacturing standards throughout the world. In today's market 
place, it is almost mandatory to have ISO certification (ISO 9000). The entire 
concept is to ensure manufacturing consistency by "saying what you do" 
(through documentation and procedures) and then "doing what you do" 
(following the documentation and procedures in the manufacturing process). 
An audit takes place approx. every 6 months, by the NQA (National Quality 
Association), to ensure that ISO certification is being upheld.

ISP Internet Service Provider

J
Jmpr: Jumper
A jumper is nothing more than a conductive bridge from one circuit 
to another.

K
kg: Kilogram
A kilogram is equal to 2.2 pounds. To convert pounds to kilograms, simply 
divide the weight by 2.2; to convert kilograms to pounds, multiply the weight 
by 2.2.

kbps
Kilo-bits per second

kVA
Kilo voltampere(s) = 1,000VA

kW
Kilowatt i.e., 250kW

kWh
Kilowatt hours
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L
LCD: Liquid Crystal Display
An LCD is a form of alphanumeric or digital display. This display can exhibit 
numeric or worded increments.

LED: Light Emitting Diode
A light emitting diode is like a small light bulb, electric current flows through it 
in one direction causing it to light up.

LF: Low Frequency
A low number of complete vibrations or oscillations occurring per unit of 
time. Hertz is the international standard for a measurement of frequency 
(cycles per second). The standard frequency for electrical power in the 
United States of Canada is 60Hz (60 cycles per second). In Europe, the 
frequency is 50Hz (50 cycles per second). A good example of low frequency 
would be the difference between a fog horn and a whistle. The fog horn 
would have a lower frequency than the whistle because it vibrates or 
oscillates less frequent per second than the whistle.

Load
An electrical device connected to a power source.

M
µ
Micro is a prefix multiplier that means millionth.

µC: Microcontroller 
A microcontroller (or MCU) is a computer-on-a-chip. It is a type of 
microprocessor emphasizing self-sufficiency and cost-effectiveness, in 
contrast to a general-purpose microprocessor (the kind used in a PC).

µF: MicroFarad
A unit of capacitance, equal to one millionth of a farad. Since the farad is a 
very large unit compared to typical requirements in electronic devices, values 
of capacitors are usually in range of microfarads (µF), nanofarads (nF), or 
picofarads (pF). A micro-microfarad (µµF) as found in older texts is the same 
as a picofarad. The millifarad is rarely used in practice, so that a capacitance 
of 4.7x10-3 F, for example, is usually written as 4700 µF.
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µP: Microprocessor 
A microprocessor is a programmable digital electronic component that 
incorporates the functions of a central processing unit (CPU) on a single 
semiconducting integrated circuit (IC). The microprocessor was born 
by reducing the word size of the CPU from 32 bits to 4 bits, so that the 
transistors of its logic circuits would fit onto a single part. One or more 
microprocessors typically serve as the CPU in a computer system, 
embedded system, or handheld device.

Mdl: Module
One of a series of standardized units or components that function together 
in a system.

MIB: Management Information Base
A management information base (MIB) stems from the OSI/ISO network 
management model and is a type of database used to manage the devices 
in a communications network. It comprises a collection of objects in a 
(virtual) database used to manage entities (such as status monitoring cards) 
in a network.

MOS: Metal Oxide Semiconductor
The oxides of certain metals exhibit certain insulating properties. MOS 
materials include such compounds as aluminum oxide and silicon dioxide. 
These insulating characteristics make IC (integrated circuit) technology 
possible due to being able to compact the circuitry into a smaller package.

MOSFET: Metal Oxide-Silicon Field-Effect Transistor
An active component commonly used today is the MOSFET. The MOSFET 
device has extremely high input impedance. It is typically billions or trillions of 
ohms. Thus, the MOSFET requires essentially no driving power.

MOV: Metal Oxide Varistor
An insulated voltage-dependent resistor. A MOV is a nonlinear resistor whose 
value varies with the voltage dropped across it.

Mthbd: Motherboard
The main (power) PCBA (printed circuit board assembly) of a system module.

Mtr: Meter
A device, electrical, mechanical or electromechanical, used for the purpose of 
measuring a quantity.

Mux: Multiplexer
Multiplex refers to the simultaneous transmission of two or more messages 
over the same medium or channel at the same time.
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MV
Megavolt, e.g.: 100MV

MVA
Mega volt-ampere

N
Neg: Negative
Negative charge, or negative electrification, is the result of an excess of 
electrons on a body. Friction between objects can result in an accumulation on 
one object (a negative change).

NEMA: National Electrical Manufacturer's Association
A countrywide organization of manufacturers of electrical and electronic 
equipment and supplies.

NMS: Network Management System
A Network Management System (NMS) is a combination of hardware and 
software used to monitor and administer a network. Individual network elements 
(NEs) in a network are managed by an element management system.

NTC: Negative Temperature Coefficient
The value of a component decreases as the temperature rises. For example; if 
a resistors value changes as it gets heated the NTC would be the percentage it 
decreased in value (in this case ohms) per degrees of temperature applied.

O
Op Amp: Operational Amplifier
An intergrated-circuit semiconductor amplifier having high stability and 
linear characteristics.

ONT: Optical Network Termination
Optical network element that terminates a line signal in installations where the 
fiber extends into the customer premises.

ONT-PPS: ONT Primary Power Supply
Main power supply for the optical network element that terminates a line signal 
in installations where the fiber extends into the customer premises.

OPS-ONT: Power Supply
Power supply for the optical network element that terminates a line signal in 
installations where the fiber extends into the customer premises.
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Osc: Oscillator
Oscillate; To waver between 2 or more choices. An oscillator is an electronic 
device that creates a signal / frequency (Hz). An electronic keyboard (musical 
instrument) has one or more oscillators that produce a frequency (Hz) that 
can be heard by the human ear. A high power microwave oscillator produces 
frequencies so high in the frequency spectrum; they can only be detected by 
radio, radar or electronic test equipment.

OV: Overvoltage
An abnormally high voltage that lasts for an extended period.

P
PCB: Printed Circuit Board
An electronic circuit made by applying a pattern of conductive metal to an 
insulated surface. Printed circuit boards can look a lot like road maps, with all 
the various circuits on a single board.

PDU: Power Distribution Unit
An interface between the power reliability system such as UPS and critical 
loads. The unit will draw power from the UPS and distribute it to the various 
critical loads on separate circuits.

Ph: Phase
Phase is a relative quantity, describing the time relationship between or among 
waves having identical frequency. When an electronic current is 'in-phase' 
these identical waves are "in-sync" with each other, when "out of phase" these 
waves are "out of sync" and seem to be opposing each other.

PLL: Phase-Locked Loop
A circuit that produces a signal with variable frequency.

Plrt: Polarity
Polarity refers to the sign of a voltage between two points in a circuit, either 
positive or negative.

PON: Passive Optical Network
A broadband fiber optic access network that uses a means of sharing fiber to 
the home without running individual fiber optic lines from an exchange point, 
telco CO, or a CATV headend and the subscriber's home.

Pos: Positive
Positive charge, or positive electrification, is the result of a deficiency of 
electrons in the atoms of which an object is composed. Friction between 
objects can cause an electron imbalance, resulting in a positive charge on one 
of the bodies.
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Pot: Potentiometer 
A non-inductive, variable (tapped) resistor. A pot, or "control pot" as it is 
sometimes referred to, is used in most electronic devices to make necessary 
adjustments. A good example would be the volume control knob on a TV or 
radio/stereo.

Power Factor
The relationship of actual power to apparent power. With regard to UPS, it is 
the relationship between W and VA.

PPM
Parts per million

Prl: Parallel
Two electrical circuits which share the same voltage.

PSI: Pounds per Square Inch
The term PSI is also used as a measurement to measure how much air 
pressure is used in pneumatic tools, tire gauge, etc. For example, a car tire 
may require 32lbs. PSI max.

PSTN: Public Switched Telephone Network
A domestic telecommunications network usually accessed by telephones, key 
telephone systems, private branch exchange trunks, and data arrangements.

PTC: Positive Temperature Coefficient
The value of a component such as a varistor or capacitor, increases as the 
temperature rises. The coefficient is stated as a percentage of the rated value 
per degree, or in parts per million per degree.

Pwr: Power
Power is the average rate of energy flow. The units of power are Watts.

Pwr Sply: Power Supply
A device that produces electricity for use by electronic equipment, or that 
converts the electricity from the utility mains to a form suitable for use by 
electronic equipment (cable TV, computer, generator, xfmr/rectifier/filter 
circuit, etc.).

R
Rcpt: Receptacle
An electrical fitting connected to a power supply and designed to take a plug. 
The outlets on your walls at home are a good example of receptacles.

Rect: Rectifier
A rectifier is an electronic device that allows current to flow in only one direction.
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Reg: Regulator
A circuit or device that maintains a parameter at a constant value.

Res: Resistor
A device used for providing resistance, in lump form, in a circuit. Picture a 
flowing river becoming slower and smaller due to a dam or debris, causing 
resistance to the flow.

RFI: Radio Frequency Interference
RFI is interference in the electromagnetic frequencies used for radio and 
television transmission. It can be heard as static on your radio or cell phone, 
or cause a fuzzy picture on our TV (if you are hooked up to an antenna).

RFID: Radio Frequency Identification Device
Dispensed by the Acceitec Kiosk, it is a small transponder used for making 
financial transactions.

Rly: Relay
A control switch, actuated by a direct or alternating current. Relays are useful 
when it is necessary to switch a very large current or voltage; a smaller (and 
safer) control voltage can be used to actuate the relay.

RMS: Root Mean Square
The most common method of expressing the effective value of an alternating-
current waveforms. RMS current, power or voltage is an expression of the 
effective value of a signal.

Rtg: Rating
A description of the input/output values of a component, module or system.

RU: Rack Unit
Rack unit e.g.: 2RU

S
Sag
A short-term voltage decrease.

SCM: Status Control Monitor
Coordinates the communication of the individual subsystems in the unit and 
provides two-way communication with the headend.

SCTE: Society of Cable Telecommunications Engineers
The Society of Cable Telecommunications Engineers (SCTE) is an organization 
that develops training for cable television installers and engineers, in this role 
it is analogous to the Society of Broadcast Engineers for broadcast television. 
SCTE is also an ANSI-recognized standards-developing organization for the 
cable industry.
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Sens: Sensitivity
Sensitivity is a general term that applies to many electronic devices. In general, 
sensitivity is an expression of the change in input that is necessary to cause a 
certain change in the output device.

Shld: Shield
The intentional blocking of an electric, electromagnetic or magnetic field is 
know as shielding.

Sig: Signal
An impulse or fluctuating electric quantity, as voltage or current, whose 
variations represent coded information. The strength of a signal is 
called amplitude.

SNMP: Simple Network Management Protocol
The simple network management protocol (SNMP) forms part of the internet 
protocol suite as defined by the Internet Engineering Task Force (IETF). SNMP 
is used by network management systems to monitor network-attached 
devices for conditions that warrant administrative attention. It consists of a set 
of standards for network management, including an Application layer protocol, 
a database schema, and a set of data objects.

SOC: State of Charge
The State of Charge of a battery is its available capacity expressed as a 
percentage of its rated capacity. Knowing the amount of energy left in a battery 
compared with the energy it had when it was new gives the user an indication 
of how much longer a battery will continue to perform before it needs 
recharging. Using the analogy of a fuel tank in a car, SOC estimation is often 
called the "Gas Gauge" or "Fuel Gauge" function.

SPC: Statistical Process Control
The application of statistical analysis techniques to measure and control a process.

Swr: Switch
A mechanical or electronic device that is used to deliberately interrupt, or alter 
the path of, the current through a circuit.

T
TB: Terminal Block
A set of contacts used for connecting wires in a point-to-point-wired circuit.

Tbg: Tubing
A hollow cylinder specifically for fluid or wire insulation (heat shrink.)
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TBPU: Thermal Battery Pack Unit
A TBPU is an enclosure with either a cooling or heating system that houses 
batteries at the optimum operating temperature.

TC: Thermocouple
A device that generates voltage by the heating of a junction between two 
metal electrodes placed in physical contact.

Term: Terminal
A point at which two or more wires are connected together, or where voltage 
or power is applied or taken from a circuit.

Termn: Termination
The point at which a transmission line is connected to a load is called a 
termination. The load itself may also be called a termination.

TFTP: Trivial File Transfer Protocol
Trivial File Transfer Protocol (TFTP) is a very simple file transfer protocol, with 
the functionality of a very basic form of FTP; it was first defined in 1980. Since 
it is so simple, it is easy to implement in a very small amount of memory, an 
important consideration at the time. TFTP was therefore useful for booting 
computers such as routers which did not have any data storage devices. It is 
still used to transfer small files between hosts on a network, such as when a 
remote X Window System terminal or any other client boots from a network 
host or server.

Thrm: Thermal
Of, making use of, producing, or caused by heat.

Thms: Thermistor
A resistor, designed to change value with temperature.

Transfer Switches
Responsible for connecting one or more power sensitive loads to one of 
several possible power sources, ensuring that the transition between the 
sources is smooth.

Transient
An abnormal, irregular electrical event, such as a surge or sag.

TSU: Transfer Switch Unit
Used in systems incorporating an AC generator to automatically switch 
between utility and generator power if the utility fails.

TTL: Transistor-Transistor Logic
A bipolar logic design in which transistors act on direct-current pulses.
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U
UDP: User Datagram Protocol
The User Datagram Protocol (UDP) is one of the core protocols of the Internet 
protocol suite. Using UDP, programs on networked computers can send 
short messages sometimes know as datagrams (using Datagrams Sockets) 
to one another. UDP is sometimes called the Universal Datagram Protocol or 
unreliable Datagram Protocol.

Undervoltage
An abnormal low voltage that lasts for an extended period, also called 
a brownout.

UPS: Uninterruptible Power Supply
If the AC utility fails, the UPS keeps the system powered, without 
interrupting the load, using batteries to power the inverter circuit in 
the Inverter Power Module.

V
V: Volt (voltage)
The unit of electric potential. Voltage is the existence of a potential (charge) 
difference between two objects or points in a circuit.

VA: Volt Ampere
The unit of measure of apparent power.

Vac: Voltage Alternating Current
An electric current that reverses direction in a circuit at regular intervals. 
Alternating current is the type of electricity produced and delivered by the utility 
(power company) and is what comes out of your wall plug. AC is delivered 
worldwide in several different voltages. In the USA you typically would find: 
120Vac (home and office); 208Vac (industrial); and 240Vac (home and office). 
Japan is typically 100Vac, while Europe is 230Vac.

Varistor: Variable Resistor (voltage-dependent resistor) 
Some resistors exhibit variable ohmic value, depending on the voltage across 
them. One kind of variable resistor would be the potentiometer or Pot.

Vdc: Voltage Direct Current
A steady electric current that flows in one direction, such as a battery.
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VoIP: Voice over Internet Protocol
Voice over Internet Protocol, also called VoIP, IP telephony, Internet telephony, 
Broadband telephony, Broadband Phone and Voice over Broadband, is 
the routing of voice conversations over the Internet or through any other 
IP-based network.

VR: Voltage Regulator
Maintains the voltage at a constant value across a load.

W
W: Watt 
Unlike work, power is related to time. Therefore, power is the measure of 
Joules of work per unit of time. The unit of power is the Watt. When you think 
of the power used by a circuit, it is in terms of the number of Watts dissipated 
by the circuit.

Waveform
The graphical from of an electrical parameter.

Wireless LAN
It is an alternative to a wired LAN, where data is transmitted via radio waves 
instead of a coaxial or fiber optic cable.
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